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OVERVIEW AND SPECIFIC AIMS

The increased usage of foods formulated with chemical preservatives such as nitrites,
benzoates, sulfites, sorbates, salt and other chemical compounds has raised consumer health
concerns (Murdock et al. 2006). As a result, the use of natural antimicrobial preservatives have
been preferred by the food industry due to consumers’ demands (DuFour et al. 2003). Nisin,
lactoferrin and lysozyme are three natural compounds that have received considerable attention
in recent years (Murdock and Matthews 2002). Properties of these three sources of natural
antimicrobials can be used to improve microbial safety of foods. The combination of natural
antimicrobials could possibly increase the effectiveness of the antimicrobials proving to be better
than if they were used alone against foodborne pathogens. Synergistic or additive effects
between the antimicrobials may permit the use of relatively low amounts of each antimicrobial
and thereby reduce cost of the antimicrobial treatment while improving the antimicrobial
efficiency.

Nisin is produced by Lactococcus lactis subsp. lactis. It is effective against gram-postive
bacteria and with reduced or no effectiveness against gram-negative bacteria (Delves-Broughton
et al, 1996). Nisin mechanism of action is to bind the cell membrane and form pores that destroy
membrane integrity. Pore formation leads to leakage of K* ions and ATP, depletion of the proton
motive force, and depolarization of transmembrane potential, resulting in cell death (Millette et
al., 2004). It has also been reported that nisin interferes with cell wall biosynthesis by binding
with lipid Il, a peptidoglycan precursor (Bauer and Dicks, 2005).

Lysozyme, a lytic enzyme found in foods such as milk and eggs. Like nisin, lysozyme’s

activity is also limited to gram-positive bacteria because gram-negative cell walls are protected


http://www.sciencedirect.com/science/article/pii/S0168160500003305#BIB8
http://www.sciencedirect.com/science/article/pii/S0168160500003305#BIB8

by an outer membrane (Proctor and Cunningham, 1988). Lysozyme’s mechanism of action based
on hydrolysis of the B (1-4) glycosidic linkages in bacterial peptidoglycan within the cell wall
(Cunningham et al., 1991).

Lactoferrin, an iron-binding glycoprotein, is natural antimicrobial component of milk and
other external secretions such as tears and saliva (Murdock and Matthews 2002); (Farnaud and
Evans 2003). Lactoferrin exerts an antimicrobial effect against a wide range of gram-negative
and gram-positive bacteria, fungi, and parasites (Shimazaki 2000; Masschalck et al. 2001). Its
actions can be classified into several different modes of action: by sequestering free iron, thereby
restricting the growth of gram-positive and gram-negative bacteria; interfering with bacterial
membrane function; and by binding bacterial lipopolysaccharide, thereby impairing bacterial cell
wall/membrane function (IUCCI et al. 2007).

The lack of activity by nisin and lysozyme against gram-negative organisms is because of
their inability to penetrate the cell wall. However, in the presence of lactoferrin, general chelator,
has the ability to release lipopolysaccharide (LPS) and permeabilize the gram-negative cell wall.
This permits nisin and lysozyme to have access to the inner membrane thus providing a novel
system for control of gram-negative pathogens such as E. coli 0157:H7 (Ellison, 1994, and Branen
and Davidson, 2004).

There are different types of meat classifications based on the method of animal
slaughtering and processing. Halal meat is produced without stunning prior to slaughter,
resulting in a rapid and complete bleeding of animals (Eliasi and Dwyer, 2002); (Grandin and
Regenstein, 1994). Studies have shown that halal slaughter results in significantly lower residual

hemoglobin than conventional slaughter with stunning (non-Halal) (Nakyinsige et al, 2014). The


http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2006.02076.x/full#b13
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2006.02076.x/full#b7
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2006.02076.x/full#b7
http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Nakyinsige%20K%22

residual blood left in the carcass as a result of improper bleeding may decrease the shelf life;
hence the quality of the meat product due to higher hemoglobin levels. Hemoglobin is an
important component of blood which is powerful promoter of lipid oxidation and growth of
microorganisms (Alvarado et al 2007). Also, glucose in the blood serves as substrate favorable
for microbial growth such as Pseudomonas bacteria (Warriss, 2001). In addition, blood also
contains a large number of white blood cells that produce hydroxyl radicals, superoxides, and
hydrogen peroxide that enhance lipid oxidation (Gabig & Babior, 1981). This approach may
improve the quality and extend the shelf life of meat.

Storage of meat is critical because it is highly perishable food. It contains sufficient
nutrient needed to support the growth of microorganisms (Magnus, 1981). During storage, even
with proper refrigeration, the meat ultimately undergoes deteriorative changes including
microbial spoilage, oxidative changes in pigments and lipids, and weight loss (Urbain and
Campbell, 1987). Nakyinsige et al, (2014) reported that one of the meat quality attributes
obtained in the carcass with less blood is extending the shelf life and providing a safer meat for
human consumption.

The objective of this research is to investigate the following aims:

Specific Aim 1: To test the synergistic effect of combinations of different natural
antimicrobials that produced from food (Lactoferrin, Lysozyme and Nisin)
on positive and negative gram foodborne pathogens (Salmonella
Typhimurium, Listeria monocytogenes, Escherichia coli and Staphylococcus

aureus) in-vitro and in-vivo (meat).


http://europepmc.org/search/?scope=fulltext&page=1&query=AUTH:%22Nakyinsige%20K%22

Specific Aim 2:

Specific Aim 3:

Specific Aim 4:

To determine the molecular characterization of toxin genes and antibiotic
resistance of S. aureus isolated from meat.

To determine the microbial content and physiochemical quality indicators
differences between fresh halal and non-halal beef.

To test effect of meat production method (halal and non-halal) on shelf

life of beef during refrigerated storage at 4°C.



CHAPTER1 THESYNERGISTIC EFFECT OF NATURAL ANTIMICROBIALS PRODUCED FROM FOOD
LACTOFERRIN, LYSOZYME AND NISIN ON FOODBORNE PATHOGENS

Abstract
The aim of this study was to evaluate the synergistic effect of three natural antimicrobial that are
produced from food (lactoferrin from milk, lysozyme from eggs and nisin from Lactococcus lactis)
on foodborne pathogens that include S. aureus, E. coli, salmonella typhimurium and listeria
monocytogenes in-vitro and in-vivo (meat). Minimal inhibitory concentration (MIC) for each
antimicrobial was measured by broth micro dilution method in cation-adjusted Mueller-Hinton Il
broth (CAMHB) whereas Synergy between antimicrobial was calculated using the fractional
inhibitory concentration (FIC) index which was measured using the checkerboard method.

Antimicrobial activity of lactoferrin, lysozyme and nisin individually in-vitro showed that
MICs for nisin against tested bacteria were the lowest while lysozyme’s MICs were relatively less.
FICs for antimicrobial combinations showed that five combinations exhibited synergistic effect as
the following: lactoferrin with nisin against S. aureus, L. monocytogenes, and E. coli. Lactoferrin
with lysozyme exhibited synergistic effect against E. coli and S. aureus. In addition, four
combinations showed additive effect as following: lactoferrin with nisin against L.
monocytogenes, S. aureus and E. coli, and lactoferrin with lysozyme against L. monocytogenes.
Using antimicrobial combinations against tested pathogens bacteria demonstrated improved
(MIC), compared to the parent compounds.

Antimicrobial activity in food model-meat (in-vivo) showed that lactoferrin, lysozyme and
nisin individually and in combinations had significant effect (p<0.01) on growth of gram-positive
bacteria, L. monocytogenes and S. aureus compared to control. On the other hand, nisin and

lysozyme individually had less effect on the growth of gram-negative bacteria, S. typhimurium



and E. coli. Conversely, when nisin or lysozyme used in combinations with lactoferrin proved
enhanced nisin and lysozyme activity against E. coli.

According to results of the present study, we concluded that using natural antimicrobial
combinations of lactoferrin with lysozyme, lactoferrin with nisin and lysozyme with nisin can
synergistically function against foodborne pathogens in meat industry and may be a novel system
to control foodborne pathogens and offer unique properties.

Introduction

The control of microbial pathogens in food is a significant concern because of increase in
foodborne illnesses cases around the world in spite of the various methods available to control
pathogen and spoilage bacteria in food. The Center for Disease Control and Prevention estimated
that foodborne diseases causes approximately 76 million ilinesses, 325,000 hospitalizations and
5000 deaths in the United States each year (Mead et al., 1999). There are numerous
antimicrobials in plants, animals, and microorganisms where they often take part in defense
mechanisms. Nisin, lactoferrin and lysozyme are three natural compounds that have received
considerable attention in recent years (Murdock and Matthews, 2002). Properties of these three
sources of natural antimicrobials can be used to improve microbial safety of foods. Synergistic
effect of these natural antimicrobials in meat and food industry may be a novel system to control
pathogenic bacteria and offer unique properties. These such properties increase the
effectiveness of the antimicrobials, proving to be more effective rather than if they were used
alone against foodborne pathogens. Moreover, these antimicrobial synergistically decrease the
amount and cost for antimicrobial treatment and eliminate the harmful chemical effects while

improving the efficacy.



Nisin is produced by Lactococcus lactis subsp. lactis. Its effective against gram-positive
bacteria and with reduced or no effectiveness against gram-negative bacteria (Delves-Broughton
et al, 1996). Its mechanism of action is to bind the membrane and form pores that destroy the
membrane integrity. Pore formation leads to leakage of K* ions and ATP, depletion of the proton
motive force, and depolarization of transmembrane potential resulting in cell death (Millette et
al., 2004). It has also been reported that nisin interferes with cell wall biosynthesis by binding
with lipid Il, a peptidoglycan precursor (Bauer and Dicks, 2005).

Lysozyme is a lytic enzyme found in foods such as milk and eggs. Like nisin, lysozyme’s
activity is also limited to gram-positive bacteria because gram-negative cell walls are protected
by an outer membrane (Proctor and Cunningham, 1988). Its mechanism of action is the
hydrolysis of the B (1-4) glycosidic linkages in bacterial peptidoglycan of cell wall (Cunningham
etal., 1991).

Lactoferrin, an iron-binding glycoprotein, is natural antimicrobial component of milk and
other external secretions such as tears and saliva (Murdock and Matthews 2002; Farnaud and
Evans 2003). Lactoferrin exerts an antimicrobial effect against a wide range of gram-negative
and gram-positive bacteria, fungi, and parasites (Shimazaki 2000; Masschalck et al. 2001). Its
actions can be classified into several different modes of action: by sequestering free iron, thereby
restricting the growth of gram-positive and gram-negative bacteria; by interfering with bacterial
membrane function; and by binding bacterial lipopolysaccharide, thereby impairing bacterial cell
wall/membrane function (IUCCI et al. 2007).

The lack of activity by nisin and lysozyme against gram-negative organisms is because of

their inability to penetrate the cell wall. However, in the presence of lactoferrin, a general
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chelator, has the ability to release lipopolysaccharide (LPS) and permeabilize the gram-negative
cell wall allowing nisin and lysozyme to have access to the inner membrane and thus providing a
novel system for control of gram-negative pathogens, such as E. coli 0157:H7 (Ellison
1994; Branen and Davidson 2004).

This chapter is aimed to measure the synergistic effect of three natural antimicrobials,
Lactoferrin (from milk), lysozyme (from egg) and nisin (from Lactococcus lactis bacteria) on
foodborne pathogens that include S. aureus, E. coli, salmonella typhimurium and listeria
monocytogenes in-vitro and in-vivo (meat).

Nisin:

Nisin was discovered in 1928 by Rogers and Whittier. It was produced by Lactococcus
lactis subsp. lactis, which is a heat-stable protein (Holzapfel et al, 1995) and was named
bacteriocins. It was produced as a protection mechanism to some lactic acid bacteria (LAB)
(Juncioni de Arouz et al., 2009). Many companies have been producing nisin as antimicrobial
against different types of bacteria since the 1960's synthetically or naturally by using some
bacterial culture in fermented dairy ( Bailey and Hurst, 1971; Lee and Kim, 1985). Since then, it
has effectively been used as preservative in dairy and meat products (Reunanen and Saris 2004;
Samelis et al. 2005). Food and Drug Administration (FDA) approved nisin as GRAS (Generally
Regarded as Safe) for use in some dairy product and salad dressing (Anonymous 2000; Cleveland
et al. 2001).

Nisin is a single-chained molecule consist of a 34 amino acid with molecular weight
3500Da. It possess two important properties cationic and hydrophobic. The cationic properties

because the mixture of three lysine residues and one or more histidine residues (Chandrapati &
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O’Sullivan, 1998). It has important functional properties such as acid tolerance and thermal
stability at low pH due to it containing distinguished amino acid (De Vuyst & Vandamme, 1992).
In addition, Nisin presents amphipathic properties because its N-terminal region contain

hydrophobic residues and the C-terminal region contain hydrophilic residues.
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Figure 1.1. Structure of Nisin

There are two types of nisin depending on type of the amino acid residue in position 27,
Nisin A, a natural variant produced by L. lactis subsp. lactis ATCC 11454 and the amino acid
histidine is located at position 27 while Nisin Z is produced by other species of L. lactis and the
amino acid, asparagine, is located at position 27. This change give a good characteristic of
diffusion in the nisin Z but there is no differences in antimicrobial activity. However, asparagine
contains a side chain with a higher polarity than histidine allowing Nisin Z to be better soluble at
a pH of 6 or above.

Nisin bacteriostatic function is due to its ability to bind the cytoplasmic membrane and
form pores that damage the membrane (Abee et al., 1995; Kuwano et al., 2005). This induces
cell death due to loss of different important cell compounds such as ATP, some ions like K*, and
the proton motive force (Sahl, 1991; Bruno and Montville, 1993; Millette et al., 2004). Also, many

studies have shown that the antimicrobial actions of nisin may be attributed to interferes with
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cell wall biosynthesis by binding with lipid 1l, an important compound in a peptidoglycan layer

(Mantovani and Russell, 2001; Bauer and Dicks, 2005).
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Figure 1.2.  Antimicrobial Mechanism of Nisin

Many studies indicated that cell resistance to nisin depend on cell content of lipid Il .The
high levels of lipid Il the high resistance to nisin (Brotzel et al., 1998).
Lactoferrin

Lactoferrin, a single-chained molecule with a molecular weight of 78 kDa, is a member of
the transferrin protein family contains two lobes with four domains that assist the reversible
binding of two iron ions (Odell et al. 1996; Ye et al. 2000). Lactoferrin is a natural bio-preservative
that is found in many mammalian secretions, such as milk, tears, saliva (Odell et al. 1996; Ye et
al. 2000). Itis also thought to be one of the most powerful antimicrobial agents in milk (Bellamy
et al. 1993; Chantaysakorn and Richter 2000). The possible use of bovine lactoferrin for
decontamination on the surface of beef carcasses, and subsequently its use as a natural food

preservative is gaining importance (Al-Nabulsi and Holley 2006).
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3-D structure of human lactoferrin

3-D structure of bovine lactoferrin

A
P ah

N-lobe C-lobe

Figure 1.3. Three dimensional structures of diferric human Lactoferrin and bovine lactoferrin.

Bacteriostatic function of lactoferrin is due to its ability to take up the Fe3* ion, limiting
use of this nutrient by bacteria at the infection site and inhibiting the growth of these
microorganisms as well as the expression of their virulence factors, lactoferrin bactericidal
function has been attributed to its direct interaction with bacterial surfaces. The positively
charged N-terminus of lactoferrin prevents the interaction between LPS and the bacterial cations
(Ca%* and Mg?*), causing a release of LPS from the cell wall, an increase in the membrane’s
permeability and ensuring damage to the bacteria. In 1988 it was shown that lactoferrin damages
the external membrane of gram-negative bacteria through an interaction with lipopolysaccharide

(LPS).
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Figure 1.4. Mechanism of antibacterial action of lactoferrin. (A) Gram-positive bacteria: LF is
bound to negatively charged molecules of the cell membrane such as lipoteichoic
acid, neutralizing wall charge and allowing the action of other antibacterial
compounds such as lysozyme. (B) Gram-negative bacteria: LF can bind to lipid A
of lipopolysaccharide, causing liberation of this lipid with consequent damage to
the cell membrane.

It's mechanism of action against gram-positive bacteria is based on binding due to its net
positive charge to anionic molecules such as lipoteichoic acid, resulting in a reduction of negative
charge on the cell wall and thus favoring contact between lysozyme and the underlying
peptidoglycan over which it exerts an enzymatic effect. Attachment-inhibiting mechanisms are
unknown, but it has been suggested that lactoferrin oligo-amino acid glycan’s bind bacterial
adhesins, preventing their interaction with host cell receptors.

Today, it can be obtained as native lactoferrin, isolated from the milk and colostrum of
several mammals, or as recombinant lactoferrin (rLF) generated from bacterial, fungal and viral
expression systems. The expression of this protein has also been attained in higher organisms
such as plants and mammals.

Lysozyme:

Lysozyme is a lytic enzyme that is found in foods such as milk and eggs with hydrolytic
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activity. It is a single polypeptide chain consisting of 129 amino acids with a molecular weight
between 14, 300 - 14, 600 Daltons. The majority of commercially prepared lysozyme is purified
from egg whites. Lysozyme is naturally occurring that is produced by many animals, and humans.
It exhibits activity against a cellular structure specific to bacteria (Proctor & Cunningham, 1988).
Lysozyme has a small number of applications in the food industry with the major usage involving
the prevention of late blowing in semi-hard cheeses which is caused by the fermentation of
lactate by butyric acid bacteria, primarily Clostridium tyrobutyricum (Cunningham et al, 1991;

Branen and Davidson 2004).

Figure 1.5. Structure of lysozyme

Lysozyme has been demonstrated to be active throughout pH 4 to pH 10 (Davies et al.,
1969). However, high ionic strength (>0.2 M salt) was shown to have an inhibitory effect on
lysozyme activity (Davies et al., 1969; Chang and Carr, 1971). The lysozyme molecule is cross-
linked with four disulfide bonds, which are significant for its enzymatic activity. In order for

lysozyme to remain enzymatically active, at least two disulfide bonds must remain intact.
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However, if three or four disulfide bonds are broken within the lysozyme structure, lysozyme
loses its activity. The activity spectrum of lysozyme is limited to specific gram-positive bacteria
(McKenzie and White, 1991). They have been proven quite ineffective against gram-negative
bacteria due to the outer membrane barrier that surrounds and protects the peptidoglycan layer.
Among gram-negative bacteria, some genera such as Salmonella and Shigella are the most
sensitive, whereas E. coli, Vibrio and Proteus are relatively resistant to lysozyme activity.
Considering these results, the antimicrobial actions of lysozyme may be attributed to the direct
and indirect interaction as well as bacteriolytic actions that destroy cell wall of microorganisms.

The susceptibility of gram-negative organisms to lysis by lysozyme can be increased by
the use of detergents and chelators (Shively and Hartse, 1964). EDTA, a chelator, can have the
antimicrobial effect by limiting the availability of cations and can act to destabilize the cell
membranes of bacteria by complexing di-valent cations which act as salt bridges between
membrane macromolecules, such as lipopolysaccharides (Shelef & Seiter, 1993).

Antimicrobial mechanism of lysozyme against bacteria is based on the hydrolysis of the B
1-4 glycosidic bonds in the peptidoglycan layer of the bacterial cell wall between N-acetyl
glucosamine (NAG) and N-acetyl muramic acid (NAM). Phillips (1973) studied hydrolysis of
peptidoglycan by lysozyme. He hypothesized that lysozyme attaches to the bacterial cell wall by
interacting with six of the residues connected to NAM. The attachment changes the
conformation of the NAM structure, allowing the Glu 35 residue of the lysozyme molecule to
donate a hydrogen atom to the oxygen atom in the glycosidic bond, resulting in cleavage of the

bond.
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Figure 1.6. B 1-4 glycosidic bonds in the peptidoglycan layer of the bacterial cell wall
Materials and methods
A) Bacterial cultures:
The cultures used in this study were Escherichia coli (ATCC 25922), Listeria monocytogens
(ATCC 19114), Salmonella Typhimurium (ATCC 14028) and Staphylococcus aureus (ATCC 29213).
All cultures were obtained from American type culture collection (ATCC) Thermo Fisher
Company. Cultures were maintained on tryptic soy agar (TSA) slants and were transferred each
month to maintain viability. Test inoculums were prepared by transferring 24-hour old cultures
via a cotton swab to 5 ml of 0.85% saline. The saline suspension was adjusted to an optical
density of 0.1 for each bacteria which is corresponds to 0.5 McFarland standard (1 x 108 Cfu/ml).
Once standardized, 50 pl of the saline suspension was transferred to 10 ml of cation-adjusted
Mueller-Hinton Il broth (CAMHB).
B) Antimicrobials:
Nisin from Lactococcus lactis (ssp. lactis) was obtained from Sigma-Aldrich (N5764). Nisin

was solubilized in 0.02 M HCI with heating (60 — 70 °C) to aid solubilization. Lactoferrin was
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obtained from Sigma-Aldrich (L9507). Lactoferrin was dissolved in 0.05 M phosphate buffer (pH
7.5). Lysozyme was obtained from thermo scientific company.
C) Determination of minimum inhibitory concentration (MIC):

The MIC for each antimicrobial was tested by broth micro dilution procedure according
to the National Committee of Clinical Laboratories Standards (NCCLS) guidelines (Jorgensen,
1993).The concentration of each antimicrobial was diluted in CAMBH to 10.000 pg/ml and 100 pl
of each antimicrobial was added into the first row of a 96-well plate and 50 pl of CAMHB was
added to each subsequent row. Then each antimicrobial was serially diluted to obtain final
concentration of 5000, 2500, 1250, 625, 312, 156, 78, 39 ug/ml. To each well, 50 pl of
standardized inoculum was added, giving a bacterial concentration of 5x10° CFU/ml. A positive
control (no antimicrobial) and negative control (no inoculum) were included in each 96-well
plate. Plates were incubated for 24 hours at 37°C and observed after 24 hours. MIC was tested
as the lowest concentration showing inhibition of bacterial growth.

D) Determination of synergy:

Synergy between antimicrobial was tested using the checkerboard method
(Moody, 1992; Schelz et al.2006). Antimicrobial (A) was diluted along the x-axis, while
antimicrobial (B) was diluted along the y-axis. The final volume in each well was 100 pl,
including 50 ul of antimicrobial dilution and 50 ul of bacteria standardized in CAMHB. Plates
were incubated at 37°C for 24 hours. The fractional inhibitory concentration (FIC) indices
were calculated as FICa + FICg, where FICa and FICg are the respective MIC of antimicrobial A

and B. Therefore FICs were calculated as:
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FICA = MICA Combination FICB = MICB Combination
~ MICA Alone B MICB Alone

The combination was considered synergistic if the sum of the FICs were equal to or less
than 0.5. If the values were between 0.5 — 1.0, 1.0 — 4.0 or higher than 4.0, they were consider
additive, indifferent or antagonistic respectively.

E) Treatment of beef sample:

Experimental meat samples were aseptically collected from various markets
situated in Detroit, Michigan. The procedure of (Kim et al, 2007) was followed to prepare and
process the meat samples that were divided into similar pieces and weighed approximately 5 g.
The meat sample were then sterilized individually by irradiation using a UV chamber (GS Gene
Linker UV chamber-BIO RAD) and inoculated with the bacteria standardized in CAMHB.
Furthermore, meat samples were treated with a twofold concentration of the individual in-vitro
MIC of the antibacterial that expressed synergism. Then meat pieces were stored in refrigerator
temperature (4°C) in 60 mm Petri dishes. Samples were prepared for day 0, day 2, day 4 and day
6 for each bacterial treatment. Bacterial count for each bacteria were carried out where 45 ml
of 0.1% sterilized peptone water was mixed vigorously for 60 seconds at 230 rpm with each
sample by stomacher bag. 1 ml of the solution was taken and serially diluted from 10*to 10°.
Then 1 ml of each dilution was inoculated to duplicate sterile plate of TSA and incubated at 37°C
for 24 hours. After the incubation period, colonies were counted by colony counter. The
bacterial count was multiplied by the dilution factor then transformed to Log CFU/g.
F-Statistical analysis:- All experiments were conducted in triple ANOVA (Analysis of Variance)

and Tukey’s test were used (IBM SPSS statistics 23).
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Table 1.1. Minimal inhibitory concentrations (MIC) for nisin, lysozyme and lactoferrin against
foodborne pathogens bacteria

Foodborne Nisin (ng /ml) Lysozyme (ug Lactoferrin (ug
Pathogens /ml) /ml)
L.monocytogene
ATCC 19114 312 625 1250
E. Coli
ATCC25922 625 1250 1250
S. aureus
ATCC 29213 312 625 1250
Salmonella
Typhimurium 1250 2500 1250
ATCC 14028
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Table 1.2. Fractional inhibitory concentration (FIC) for nisin, lysozyme and lactoferrin against
foodborne pathogens (in-vitro).

Foodborne Nisin + Lactoferrin Lysozyme + Nisin + Lysozyme
Pathogens Lactoferrin
L. Monocytogene 0.49 0.99 0.74
ATCC19114 S A A
E. Coli 0.37 0.49 0.99
ATCC25922 S S A
S. aureus 0.31 0.49 0.74
ATCC29213 S S A
Salmonella 1.24 1.24 1.50
Typhimurium | | |
ATCC 14028
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Nisin at 625 pg/ml significantly reduced L.monocytogens by 2.2 Log in day 6

Figure 1.7. Antimicrobial effect of nisin at 625 pug /ml on L. monocytogens ATCC 19114 growth in
beef in comparison to control at 4 °C.A data represent the mean values of L. monocytogenes
ATCC 19114 a count obtained from meat samples, and are expressed in logarithmic colony
forming unit per gram (CFU/gm). As seen from figure there is significant differences in L.
monocytogenes a count in comparison to control were established by using ANOVA (Analysis of
Variance) at a significant level of p<0.05.
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Nisin at 625 pg/ml significantly reduced S. aureus by 2.6 Log in day 6

Figure 1.8. Antimicrobial activity of nisin at 625 pg /ml on S. aureus ATCC 29213growth in beef
in comparison to control at 4°C.A data represent the mean values of S. aureus ATCC 29213a count
obtained from meat samples, and are expressed in logarithmic colony forming unit per gram
(CFU/gm). As seen from figure there is significant differences in S. aureus ATCC 29213a count in
comparison to control were established by using ANOVA (Analysis of Variance) at a significant
level of p<0.05.
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Nisin at 1250 pug/ml significantly reduced E. coli by 1.6 Log in day 6

Figure 1.9. Antimicrobial activity of nisin at 1250 pg /ml on E. coli ATCC 25922growth in beef in
comparison to control at 4 °C.A data represent the mean values of E. coli ATCC 25922 a count
obtained from meat samples, and are expressed in logarithmic colony forming unit per gram
(CFU/gm). As seen from figure there is significant differences in E. coli ATCC 25922 a count in
comparison to control were established by using ANOVA (Analysis of Variance) at a significant
level of p<0.05.
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Nisin at 2500 pg/ml significantly reduced Salmonella Typhimurium (ATCC 14027) by 1.5 Log in
day 6.

Figure 1.10. Antimicrobial activity of nisin at 2500 pg /ml on Salmonella Typhimurium ATCC
14028 growth in beef in comparison to control at 4 °C.A data represent the mean values of
Salmonella Typhimurium ATCC 14028 a count obtained from meat samples, and are expressed in
logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is significant
differences in Salmonella Typhimurium ATCC 14028 a count in comparison to control were
established by using ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Lysozyme at 1250 pg/ml significantly reduced L.monocytogens (ATCC 19114) by 2.7 Log in day 6

Figure 1.11. Antimicrobial activity of lysozyme at 1250 pg /ml on L. monocytogens ATCC 19114
growth in beef in comparison to control at 4 °C.A data represent the mean values of L.
monocytogenes ATCC 19114 a count obtained from meat samples, and are expressed in
logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is significant
differences in L. monocytogenes a count in comparison to control were established by using
ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Lysozyme at 1250 pg/ml significantly reduced S. aureus (ATCC 29213) by 2.4 log in day 6

Figure 1.12. Antimicrobial activity of lysozyme at 1250 pg /ml on S. aureus ATCC 29213growth
in beef in comparison to control at 4 °C.A data represent the mean values of S. aureus ATCC
29213a count obtained from meat samples, and are expressed in logarithmic colony forming unit
per gram (CFU/gm). As seen from figure there is significant differences in S. aureus ATCC 29213a
count in comparison to control were established by using ANOVA (Analysis of Variance) at a
significant level of p<0.05.
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Lysozyme at 2500 pg/ml significantly reduced E. coli (ATCC 25922) by 1.3 Log in day 6

Figure 1.13. Antimicrobial activity of lysozyme at 2500 pg /ml on E. coli ATCC 25922 growth in
beef in comparison to control at 4 °C.A data represent the mean values of E. coli ATCC 25922 a
count obtained from meat samples, and are expressed in logarithmic colony forming unit per
gram (CFU/gm). As seen from figure there is significant differences in E. coli ATCC 25922 a count
in comparison to control were established by using ANOVA (Analysis of Variance) at a significant
level of p<0.05.
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Lactoferrin at 2500 pg/ml significantly reduced L.monocytogens (ATCC 19114) by 2.0 Log in day 6

Figure 1.14. Antimicrobial activity of lactoferrin at 2500 pug /ml on L. monocytogens ATCC 19114
growth in beef in comparison to control at 4 °C. A data represent the mean values of L.
monocytogenes ATCC 19114 a count obtained from meat samples, and are expressed in
logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is significant
differences in L. monocytogenes a count in comparison to control were established by using
ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Lactoferrin at 2500 pug/ml significantly reduced S. aureus (ATCC 29213) by 2.4 Log in day 6

Figure 1.15. Antimicrobial activity of lactoferrin at 2500 pg /ml on S. aureus ATCC 29213growth
in beef in comparison to control at 4 °C.A data represent the mean values of S. aureus ATCC
29213a count obtained from meat samples, and are expressed in logarithmic colony forming unit
per gram (CFU/gm). As seen from figure there is significant differences in S. aureus ATCC 29213a
count in comparison to control were established by using ANOVA (Analysis of Variance) at a
significant level of p<0.05.
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Lactoferrin at 2500 pg/ml significantly reduced E. coli (ATCC 25922) by 1.6 Log in day 6

Figure 1.16. Antimicrobial activity of lactoferrin at 2500 pg /ml on E. coli ATCC 25922 growth in
beef in comparison to control at 4 °C.A data represent the mean values of E. coli ATCC 25922 a
count obtained from meat samples, and are expressed in logarithmic colony forming unit per
gram (CFU/gm). As seen from figure there is significant differences in E. coli ATCC 25922 a count
in comparison to control were established by using ANOVA (Analysis of Variance) at a significant
level of p<0.05.
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Nisin at 625 ug/ml and Lactoferrin at 2500 pug/ml significantly reduced L.monocytogens (ATCC 19114)
3.2Lloginday6

Figure 1.17. Antimicrobial activity of nisin at 625 ug /ml and lactoferrin at 2500 ug/ml on L.
monocytogens ATCC 19114 growth in beef in comparison to control at 4 °C. A data represent the
mean values of L. monocytogenes ATCC 19114 a count obtained from meat samples, and are
expressed in logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is
significant differences in L. monocytogenes a count in comparison to control were established by
using ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Nisin at 625 pg/ml and lactoferrin at 2500 pug/ml significantly reduced S. aureus by 3.4 Log in
day 6

Figure 1.18. Antimicrobial activity of nisin at 625 pg /ml and lactoferrin at 2500 pug /ml on S.
aureus ATCC 29213growth in beef in comparison to control at 4 °C.A data represent the mean
values of S. aureus ATCC 29213a count obtained from meat samples, and are expressed in
logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is significant
differences in S. aureus count in comparison to control were established by using ANOVA
(Analysis of Variance) at a significant level of p<0.05.
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Nisin at 1250 pg/ml and lactoferrin at 2500 pg/ml significantly reduced E. coli (ATCC 25922 )
by 2.8 Log.

Figure 1.19. Antimicrobial activity of nisin at 1250 pg /ml and lactoferrin at 2500 pg /ml on E.
coli ATCC 25922 growth in beef in comparison to control at 4 °C.A data represent the mean values
of E. coli ATCC 25922 a count obtained from meat samples, and are expressed in logarithmic
colony forming unit per gram (CFU/gm). As seen from figure there is significant differences in E.
coli a count in comparison to control were established by using ANOVA (Analysis of Variance) at
a significant level of p<0.05.
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Lysozyme at 1250 pg/ml and Lactoferrin at 2500 pg/ml significantly reduced S. aureus (ATCC 29213) by
3.3 Loginday6

Figure 1.20. Antimicrobial activity of lysozyme at 1250 pg /ml and lactoferrin at 2500 pg /ml on
S. aureus ATCC 29213 growth in beef in comparison to control at 4 °C.A data represent the mean
values of S. aureus ATCC 29213 a count obtained from meat samples, and are expressed in
logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is significant
differences in S. aureus ATCC 29213 a count in comparison to control were established by using
ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Figure 1.21. Antimicrobial activity of lysozyme at 2500 pg /ml and lactoferrin at 2500 pg /ml on
E. coli ATCC 25922 growth in beef in comparison to control at 4 °C. A data represent the mean
values of E. coli ATCC 25922 a count obtained from meat samples, and are expressed in
logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is significant
differences in E. coli ATCC 25922 a count in comparison to control were established by using
ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Figure 1.22. Antimicrobial activity of lysozyme at 1250 pg /ml and lactoferrin at 2500 pg /ml on
L. monocytogens ATCC 19114 growth in beef in comparison to control at 4 °C. A data represent
the mean values of L. monocytogenes ATCC 19114 a count obtained from meat samples, and are
expressed in logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is
significant differences in L. monocytogenes a count in comparison to control were established by
using ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Figure 1.23. Antimicrobial effect of nisin at 625 pg /ml and lysozyme at 1250 pg /ml on L.
monocytogens ATCC 19114 growth in beef in comparison to control at 4 °C.A data represent the
mean values of L. monocytogenes ATCC 19114 a count obtained from meat samples, and are
expressed in logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is
significant differences in L. monocytogenes a count in comparison to control were established by
using ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Figure 1.24. Antimicrobial effect of nisin at 625 pg /ml and lysozyme at 1250 pug /ml on S.
aureus ATCC 29213growth in beef in comparison to control at 4 °C.A data represent the mean
values of S. aureus ATCC 29213 a count obtained from meat samples, and are expressed in
logarithmic colony forming unit per gram (CFU/gm). As seen from figure there is significant
differences in S. aureus ATCC29213 a count in comparison to control were established by using
ANOVA (Analysis of Variance) at a significant level of p<0.05.
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Figure 1.25. Antimicrobial effect of nisin at 1250 pug /ml and lysozyme at 2500 pg /ml on E. coli
ATCC 25922 growth in beef in comparison to control at 4 °C. A data represent the mean values
of E. coli ATCC 25922 a count obtained from meat samples, and are expressed in logarithmic
colony forming unit per gram (CFU/gm). As seen from figure there is significant differences in E.
coli ATCC 25922 a count in comparison to control were established by using ANOVA (Analysis of
Variance) at a significant level of p<0.05.
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Results and discussion

The use of natural antimicrobial preservatives has been preferred in the food industry
because of consumers’ demands (Dufour et al. 2003). Lactoferrin, lysozyme and nisin are three
natural compounds that have received considerable attention in recent years (Murdock and
Matthews, 2002). Properties of these three sources of natural antimicrobials can be used to
improve microbial safety of foods. Combining these natural antimicrobials could possibly
increase the effectiveness of the antimicrobials proving to be better than if they were used alone
against foodborne pathogens.

Antimicrobial activity of lactoferrin, lysozyme and nisin in-vitro

Using antimicrobial combinations provide different effects against foodborne pathogens.
Synergistic effect when combined effect is greater than the sum of the effects with two agents
independently (Barry, 1976). Additive effect is when the combined effect is equal to the sum of
the individual effects while antagonism is when the effect of one antimicrobial is reduced in the
presence of another antimicrobial.

Minimal inhibitory concentration (MIC) for individual antimicrobial, MIC for combinations
and the fractional inhibitory concentration (FIC) were measured to evaluate type of combination
effect in-vitro (synergistic, additive, indifference and antagonism).

Minimal inhibitory concentrations (MIC) of natural antimicrobials nisin, lysozyme and
lactoferrin against tasted bacteria in cation-adjusted Mueller-Hinton Il broth (CAMHB) (in-vitro)
were shown in table (1-1). Nisin, lysozyme and lactoferrin showed different antimicrobial
activities against the tested strains based on calculated MICs. MICs for nisin were the lowest

compare to other antimicrobials where MICs against L. monocytogenes, E. coli, S. aureus and
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Salmonella typhimurium were (312, 625, 312 and 1250 pg /ml) respectively. Antimicrobial
activity of nisin is due to its ability to bind the cytoplasmic membrane and form pores that
damage the membrane ( Kuwano et al., 2005) causing cell death due to loss different important
cell compounds such as ATP, some ions like K*, and the proton motive force (Millette et al., 2004).
Also, many studies have shown that the antimicrobial actions of nisin may be attributed to
interfere with cell wall biosynthesis by binding with lipid I, which is important compound in a
peptidoglycan layer (Bauer and Dicks, 2005).

Lysozyme’s MICs were relatively less against tested bacteria compare to nisin where MICs
for lysozyme against L. monocytogenes, E. coli, S. aureus and Salmonella typhimurium were (625,
1250, 625 and 2500 pg /ml) respectively. Antimicrobial activity of lysozyme is based on the
hydrolysis of the B 1-4 glycosidic linkages between N-acetylmuramic acid and N-acetyl
glucosamine in bacterial peptidoglycan, Peptidoglycan is the major component of the cell wall of
both Gram positive and Gram negative bacteria (Cunningham et al., 1991).

Lactoferrin had highest MICs among the other antimicrobials. However, using it in
different combinations with another antimicrobial, such as nisin and lysozyme, lactoferrin as
general chelator that has the ability to release lipopolysaccharide (LPS) and permeabilize the
gram-negative cell wall, nisin and lysozyme could then have access to the inner membrane thus
providing a novel system for control of gram-negative pathogens, such as E. coli (Ellison,
1994); (Branen and Davidson, 2004). In the other hand, although lactoferrin had highest MIC
among the other antimicrobials in the present study, this finding was agreement with previous
studies for gram-positive bacteria while for gram-negative some studies have reported that

lactoferrin MIC against E. coli 0157:H7 was higher (Murdock and Matthews 2002). This may be
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attributed to composition of media where in most previous studies a typical medium (TSB) was
used, which contains high levels of divalent cations. TSB can reduce or eliminate the inhibitory
activity of lactoferrin (Bellamy et al. 1992) (Jones et al. 1994). In addition, divalent cations may
be impaired the ability of lactoferrin to permeabilize the gram-negative cell wall by binding to
the area of the lactoferrin molecule associated with the antimicrobial activity;( Dionysius and
Milne, 1997) ; (Branen and Davidson, 2000).

Different combinations between lactoferrin with nisin, lactoferrin with lysozyme and
lysozyme with nisin and their fractional inhibitory concentration (FIC) against tested bacteria in
cation-adjusted Mueller-Hinton Il broth (CAMHB) (in-vitro) were shown in table (1-2). Five
combinations exhibited synergistic effect as following (nisin with lactoferrin) against L.
monocytogenes, E. coli and S. aureus, and (lysozyme with lactoferrin) against E. coliand S. aureus.
The FIC for these combinations were less than 0.5 which indicated that were synergy
(Amsterdam, 1996). In addition, four combinations showed additive effect as following (nisin
with lysozyme) against L. monocytogenes, E. coli, and S. aureus and (lysozyme with lactoferrin)
against L. monocytogenes. The FIC for these combinations were between (0.5-1.0) which
indicated that were additive effect (Amsterdam, 1996).

Using specific combinations such as nisin with lactoferrin, lysozyme with lactoferrin and
nisin with lysozyme against tested pathogens bacteria demonstrated improved minimal
inhibitory concentrations (MIC), compared to the parent compounds. Three combinations
showed indifference effect against Salmonella typhimurium where FIC for all combinations were
between (1.24-1.50) which indicate that were indifferent effect. Another studies showed that

combination between lactoferrin and nisin did not inhibit growth of Salmonella Stanley (Murdock
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et al, 2006). The differences in activity of these combinations against negative bacteria may be
attributed to differences in outer membrane or LPS structure in cell wall of bacteria (Branen and
Davidson, 2004). No combination showed antagonism against tested strains.

Antimicrobial activity of lactoferrin, lysozyme and nisin in food model-meat (in-vivo)

To evaluate antimicrobial activity of lactoferrin, lysozyme and nisin against tested bacteria in
food model (in-vivo), combinations that exhibited synergistic and additive effect were selected
to treat beef samples. Antimicrobial activity of these antimicrobial individually and their
combinations against tested bacteria in food model were shown in Figures (1-7)-(1-25).

Our results in food model showed that lactoferrin, lysozyme and nisin individually had
significant effect (p<0.01) on growth of gram-postive bacteria (L. monocytogenes and S. aureus)
compared to control. Lactoferrin, lysozyme and nisin individually were effective in reducing
count of L. monocytogenes by (2, 2.7 and 2.2) Log CFU/gm respectively, while for S. aureus by
(2.4, 2.4, and 2.6) Log CFU/respectively. This finding was in general agreement with previous
studies (Cleveland et al. 2001); (Murdok et al, 2006). In addition, combinations of (nisin with
lactoferrin) and (lysozyme with lactoferrin) had significant effect (p<0.01) on growth of gram-
postive bacteria. Combinations of (nisin with Lactoferrin) and (lysozyme with lactoferrin) were
effective in reducing a count of L. monocytogenes by (3.2, 2.8) Log CFU/gm respectively (Figure s
1.17, 1.22) and they effect in reducing a count of S. aureus by (3.4, 3.3) log CFU/gm respectively,
(Figure s 1.18, 1.20).This consistent with in-vitro results which were showed synergistic effect for
these combinations against L. monocytogenes and S. aureus (Table 1-2). This finding also is

agreement with previous studies, (Branen and Davidson, 2004) reported that lactoferrin
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enhanced the activity of nisin against L. monocytogenes, when combined with lactoferrin, 50%
less nisin was required to totally inhibit L. monocytogenes.

In the other hand, nisin and lysozyme individually had less effect on the growth of gram-
negative bacteria S. typhimurium and E. coli as shown in Figure s 1.9, 1.10 and 1.13. This may be
attributed to the outer membrane barrier that surrounds and protects the peptidoglycan layer
(McKenzie and White, 1991). However, when nisin or lysozyme used in combination with
lactoferrin can be an effective approach to control gram-negative bacteria. The susceptibility of
gram-negative organisms to lysis by lysozyme or nisin can be increased by the use of detergents
and chelators (Shively and Hartse, 1964). In the presence of lactoferrin as general chelator that
has the ability to release lipopolysaccharide (LPS) and permeabilize the gram-negative cell wall,
nisin and lysozyme could then have access to the inner membrane thus providing a novel system
for control of gram-negative pathogens, such as E. coli (Ellison, 1994) ; (Branen and Davidson
2004).

These data support the hypothesis that lactoferrin and nisin or lysozyme can
synergistically function to inhibit the growth of foodborne pathogens. Our results indicated that
Using combinations ( nisin, lactoferrin),(lysozyme, lactoferrin) and (nisin, lysozyme) against
foodborne pathogens in meat industry may be a novel system to control foodborne pathogens
and offer unique properties such as increase the effectiveness of the antimicrobials proving to
be better than if they were used alone against foodborne pathogens and thereby decrease the
amounts and cost of each antimicrobial treatment and eliminate the harmful chemical effects

while improving the antimicrobial efficiency.
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CHAPTER 2: MOLECULAR CHARACTERIZATION OF TOXIN GENES AND ANTIBIOTIC RESISTANCE
OF STAPHYLOCOCCUS AUREUS ISOLATES FROM MEAT

Abstract

Staphylococcal heat-stable enterotoxins and antibiotic resistance are important public health
issues in the world. The aim of this research is to investigate the presence and characterization
of staphylococcal enterotoxin genes by polymerase chain reaction and test the antibiotic
susceptibility of the Staphylococcus aureus isolates from meat. 96 and 63 positive
Staphylococcus aureus isolates were recovered from 142 meat samples and were subjected to
prevalence of the enterotoxin genes and antimicrobial susceptibility tests against fourteen
antibiotics. Our study indicated that 61 (42.9%) meat samples were positive and confirmed to
be S. aureus by genotypic and biochemical identification. Enterotoxin genes profile indicated
that 80.9% of the tested strains contained either one or more enterotoxin genes. A high percent
(60.3%) of SEA gene was detected. The most commonly combinations detected were sea sei, sei
she, sea she and sea sei she with 23.8, 17.4, 14.2 and 11.11% respectively. No isolates harbored
three SE genes, that is, seb, sec, or see. Mec A gene was positive in 71.4% of S. aureus isolates.
All isolates carrying the mec A gene showed positive MRSA phenotypes. Antibiotic resistance
profile indicated that some isolates showed high resistance to specific antibiotic such as penicillin
(71.8%), ampicillin (70.8%), tetracycline (36.4%) amoxicillin (35.4%) and oxacillin (26%). There
was no apparent resistance to some antibiotic such as nitrofurantoin, vancomycin and
ciprofloxacin. A small percentage of the isolates demonstrated resistance to rifampicin, amikacin
and chloramphenicol (2%) for each, gentamycin and clindamycin (3.1%) for each and

erythromycin (7.2%). High percentage of multidrug resistant S. aureus (48.9%) was detected.
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Results from this research indicate that high levels of staphylococcal enterotoxin genes, antibiotic
resistance and multidrug resistant were detected in meat. Therefore, these findings are alarming
and require the need to prevent the presence of S. aureus strains and SEs production in meat.
Introduction

Toxigenic Staphylococcus aureus contamination in meat is a major problem in public
health due to the production of heat-stable enterotoxins as well as It expresses many array of
virulence factors contribute to the ability of S. aureus to cause infection include various enzymes,
adhesion proteins, cell-surface proteins, factors that help the bacteria to evade the innate
immune defense, and antibiotic resistance mediate survival of the bacteria and tissue invasion at
the site of infection (Zecconi and Scali, 2013).

S. aureus has the ability to grow, and produce staphylococcal enterotoxins (SE), the
causative agent of staphylococcal food poisoning (SFP), over an extensive range of temperature,
pH, sodium chloride concentration and water activity (Adams and Moss, 2008).The bacteria can
be killed through heat treatment of the food, but the enterotoxins are very heat resistant. Thus,
although the bacteria are eliminated, the toxins will remain and can cause SFP (Le et al, 2003).
The consumption of chicken and beef meat was implicated in a large number of outbreaks of
staphylococcal food poisoning in humans in different countries (Argudi’'n et al., 2010). However,
the real incidence of SFP is underestimated (Smyth et al., 2004). According to Centers for Disease
Control (CDC) on food-borne diseases is that SEs affect approximately 80 million individuals in
the US, alone, resulting in 325,000 hospitalizations and more than 5,000 deaths (Mead et al,
1999). The genes encoding the different enterotoxins are carried and disseminated by different

mobile genetic elements, i.e., prophages, plasmids, pathogenicity islands (SaPIs), enterotoxin
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gene cluster (egc) and the staphylococcal cassette chromosome (SCC) (Altboum et al, 1985).
Staphylococcal enterotoxin SE toxins have been identified on the basis of the antigenic type,
which include the classical SEs (SEA, SEB, SEC, SED, SEE), newer SEs (SEG, SEH, SEI, and SEJ), and
more recent ones (SEK, SEL, SEM, SEN, SEO, SEP, SEQ, SER, SEU and SEV). Enterotoxin genes are
not distributed uniformly among different S. aureus strains in different areas. Genetic variation
among enterotoxin genes occurs in these strains (18).

Antibiotic resistance is an important public health issue in many countries because of the
extended use and misuse of antibiotics in different fields such as agriculture, stock-farming and
in the treatment of human disease, therefore, the number of bacteria that are resistant to
antimicrobial agents is rapidly increasing. Isolates from food have shown a considerable increase
in resistance against most antibiotics (Valsangiacomo et al, 2000).

Meat is an important vector for the transfer of antibiotic resistances from animals to
humans where many Isolates from meat have shown a considerable increase in resistance against
most antibiotics (Yu“cel et al, 2005) and against methicillin (Kitai et al., 2005). S. aureus has been
reported to frequently show multiple antimicrobial resistance patterns (Enright, 2003) and
produce of heat-stable enterotoxins (Zecconi and Scali, 2013). Therefore, the aim of this chapter
is to investigate the presence and characterization of staphylococcal enterotoxin genes by
polymerase chain reaction and test the antibiotic susceptibility of the Staphylococcus aureus
isolates from meat.

Staphylococcus aureus
Staphylococcus aureus are gram-positive of approximately 1 clusters, non-sporeforming,

catalase-positive, oxidase-negative, and non-motile cocci. It is a facultative anaerobe forming
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yellow colonies on rich medium and causing a hemolysis on blood agar plates (Morandi et al,
2009). Optimum growth of S. aureus occurs when the water activity (aw) is above 0.99 (Huang et
al., 2001); (Portocarrero et al., 2002). It is mesophilic, which generally can grow from 7°C to
47.8°C, with 35-37°C being the optimal temperature for growth (FDA, 2012); (Notermans and
Heuvelman, 1983) and at pH values ranging from 4.2 to 9.3 (Narmanno et al, 2005). S. aureus
belongs to the genus of Staphylococcus which includes more than 30 species. S. aureus can be
differed from other species of Staphylococcus by various biochemical characteristics, such as the
production of coagulase, heat-resistance nuclease (TNase) and hemolysis (Arbuthnott et al.,
1990). It expresses many array of virulence factors contribute to the ability of S. aureus to cause
infection include various enzymes, toxins, adhesion proteins, cell-surface proteins, factors that
help the bacteria to evade the innate immune defense, and antibiotic resistance mediate survival
of the bacteria and tissue invasion at the site of infection (Zecconi and Scali, 2013). Moreover,
certain toxins can cause specific disease entities. The chief function of these enzymes is to turn

host components into nutrients that the bacteria may use for growth.
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Figure 2.1. Virulence factors of S. aureus
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The primary habitat of this microorganism is the mucosa of the nasopharynx and the skin
of humans and animals (da Silva, 2010) Despite its pathogenicity, S. aureus is also harbored in the
nares of about 20 to 30% of healthy people, while about 60% of the population harbors the
microorganism intermittently (Normanno, 2007).

S. aureus has the ability to grow, and produce staphylococcal enterotoxins (SE), the
causative agent of staphylococcal food poisoning (SFP), over an extensive range of temperature,
pH, sodium chloride concentration and water activity (Adams and Moss 2008).The bacteria can
be killed through heat treatment of the food, but the enterotoxins are very heat resistant. Thus,
although the bacteria are eliminated, the toxins will remain and can cause SFP (Le et al,
2003).These toxins are for the most part produced by S. aureus although other species have also
been shown to be enterotoxigenic. It has been reported that the levels of S. aureus usually need
to reach 5 - 6 log CFU/g in food to produce detectable amount of enterotoxin (Castillejo-
Rodriguez et al., 2002); (Fujikawa and Morozumi, 2006). The threshold amount of enterotoxin
for causing illness in humans is not known. However, information from food poisoning outbreaks
(Bergdoll,1990);(Evenson et al,1988) and human challenge studies (Dangerfield,1973) indicates
that individuals experiencing illness probably consumed at least 100 ng of enterotoxin A, the
serotype most frequently involved in foodborne staphylococcal illness (Casman et al,1969).

Staphylococcal food poisoning is an acute intoxication resulting from the ingestion of food
containing the enterotoxin produced by certain strains of S. aqureus. It has a short incubation
period that The illness starts suddenly, 2-6 h after eating the contaminated food, with major
symptoms of acute nausea, vomiting and abdominal pain often followed by diarrhea (Gilbert,

1974). The severity of the illness depends on the amount of food ingested, the amount of toxin
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in the ingested food and the general health of the victim (Smyth et al, 2004).The high incidence
of staphylococcal food poisoning is due to the insufficient pasteurization/decontamination of
originally contaminated product source (Scherrer et al, 2004) or its contamination during
preparation and handling by individuals who are carriers of the organism. Also, since S. aureus
grows over a wide range of temperatures and pH, the bacteria may grow in a wide assortment of
foods.

Staphylococcal enterotoxins

Exotoxins produced by staphylococcus include staphylococcal enterotoxins (SEs), toxic
shock syndrome toxin 1 (TSST-1), exfoliative toxins (ETs), and an alpha-toxin. Staphylococcal
enterotoxins are short, water-soluble, single-chain proteins with molecular weights of 26,000 to
29,000. They are very stable and are resistant to heat and proteolytic enzymes, such as trypsin
and pepsin, which allows them to transit intact through the digestive tract (Bennett, 2001). They
are pyrogenic and share some other important properties that include the ability to induce
emesis and gastroenteritis as well as their noted super antigenicity. The different SE serotypes
are similar in composition and biological activity but are different in antigenicity and identified
serologically as separate proteins (Bennett, 2001).

According to Centers for Disease Control (CDC) on food-borne diseases is that SEs affect
approximately 80 million individuals in the US, alone, resulting in 325,000 hospitalizations and
more than 5,000 deaths (Mead et al, 1999). At least 20 serologically distinct staphylococcal super
antigens have been described that include SEs (A through V) and toxic shock syndrome toxin-1
(TSST-1). SEA, SED, and SEE share 70—90% sequence homology, while only 40—60% with SEB, SEC,

and TSST-1 (Al-Daccak et al, 1998) (Balaban et al, 2000). Toxin formation is not likely at
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temperatures lower than 10°C or at water activities below 0.85 (FDA, 2011). Therefore, exposure
of food products contaminated with S. aureus to temperatures between 10°C and 21.1°C for
more than 12 hours or above 21.1°C for more than 3 hours could result in enterotoxin formation
in the products (FDA, 2011). The genes encoding the different enterotoxins are carried and
disseminated by different mobile genetic elements, i.e., prophages, plasmids, pathogenicity
islands (SaPls), enterotoxin gene cluster (egc) and the staphylococcal cassette chromosome (SCC)
(Altboum et al, 1985).

Staphylococcal enterotoxin (SE toxins) have been identified on the basis of the antigenic
type, which include the classical SEs (SEA, SEB, SEC, SED, SEE ), newer SEs (SEG, SEH, SEI, and SEJ),
and more recent ones (SEK, SEL, SEM, SEN, SEO, SEP, SEQ, SER, SEU and SEV) (Thomas et al., 2006,
2007); (Ono et al., 2008), have been designated members of the SE family on the basis of their
sequence similarity to classical SEs (Jarraud et al , 2001). In addition, some of strains of S. aureus
produce one or both of two immunologically distinct ETs, A (ETA) or B (ETB). These toxins are
associated with impetiginous staphylococcal scalded skin syndrome and exhibit unique super
antigenic activity (Monday et al, 1999).

Staphylococcal enterotoxin (SEA) is one of the most important gastroenteritis causing
agents. In some areas, more than 50% of food poisoning (FP) is caused by staphylococcal
enterotoxin A (SEA) (Di Giannatale et al, 2001). SEA is responsible for approximately 80% of the
cases of food poisoning outbreaks in the USA. SEB, while it is associated with food poisoning, has
been studied for potential use as an inhaled bioweapon (Ler et al, 2006). Because it can easily
be aerosolized; it is very stable; and it can cause widespread systemic damage, multi organ

system failure, and even shock and death when inhaled at very high dosages. SEB is responsible
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for 10% of the cases (Atanassova et al, 2001). SED is the second most common staphylococcal
toxin associated with food poisoning worldwide, and only very small amounts of this toxin were
needed to induce food poisoning (Bergdoll et al, 1981). SEF staphylococcal toxin was discovered
in 1980. This toxin was renamed TSST-1 because of a lack of evidence of emetic activity in
monkeys (Su et al, 1997).TSST-1 causes toxic shock syndrome. TSST-1 is exhibited super antigenic
activity
Antibiotic resistance of staphylococcus aureus

Antibiotic resistance is a significant problem and a major public health concern because
of its effect on the rapid spread of threatening diseases and infections and the inability to control
them, whereas bacteria evolves and forms ways of counteracting the antibiotics, the antibiotics
become ineffective and harmful and fatal bacteria is able to thrive in multiple environments.
There has been amerced increase in the number of species that have acquired resistance to
antibiotics, as well as an increase in the kinds of antibiotics (Alalem, 2008). S. aureus is perhaps
the pathogen of greatest concern because of its intrinsic virulence, its ability to cause a diverse
array of life-threatening infections, and its capacity to adapt to different environmental
conditions (Lowy, 1998) ;( Waldvogel, 2000). The mortality of S. aureus bacteremia remains
approximately 20-40% despite the availability of effective antimicrobials (Mylotte, 1987). S.
aureus is now the leading overall cause of nosocomial infections and, as more patients are
treated outside the hospital setting, is an increasing concern in the community (CDC NNIS System,
2001); (Diekema et al, 1999).

Before the advent of antibiotics, invasive S. aureus disease was a significant cause of

mortality; however penicillin was used to treat S. aureus infections initially. shortly afterwards,
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resistance emerged when strains acquired a genetic element coding for B-lactamase production,
and now more than 80 % of all S. aureus strains are resistant to penicillin. Staphylococcal
resistance to penicillin is mediated by blaz, the gene that encodes [B-lactamase. This
predominantly extracellular enzyme, synthesized when staphylococci are exposed to B-lactam
antibiotics, hydrolyzes the B-lactam ring, rendering the B-lactam inactive. BlaZ is under the
control of two adjacent regulatory genes, the antirepressor blaRl and the
repressor blal (Kernodle, 2000).The posterior drug to be introduced for treating infections with
S. aureus was the semisynthetic, penicillinase-resistant penicillin named oxacillin or methicillin,
but shortly after its introduction the first isolate with resistance was detected (Winn Washington,
2006). Methicillin resistance requires the presence of the chromosomally localized mec A gene
(Kernodle, 2000); (Chambers, 1997). Mec A is responsible for synthesis of penicillin-binding
protein 2a (PBP2a) (Hartman and Tomasz, 1984); (Song et al, 1987). PBPs are membrane-bound
enzymes that catalyze the transpeptidation reaction that is necessary for cross-linkage of
peptidoglycan chains (Ghuysen, 1994). PBP2a substitutes for the other PBPs and because of its
low affinity for all B-lactam antibiotics, enables staphylococci to survive exposure to high
concentrations of these agents. Thus, resistance to methicillin confers resistance to all B-lactam
agents, including cephalosporin.

With the emergence of resistance to the penicillinase-resistant penicillin, the
glucopeptide agent vancomycin became the treatment of choice for infections with MRSA, and
in 1996 the first isolate with intermediate vancomycin resistance was detected in Japan (Winn
Washington, 2006). So far, this has not emerged to be a major concern, but the resistance has

been detected in different parts of the world and needs to be monitored. MRSA is now a leading
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cause of nosocomial infections worldwide and has emerged as a community-associated pathogen
(Chambers and Deleo, 2009). MRSA strains are inherently cross-resistant to virtually all beta-
lactam antibiotics, the most effective and widely used class of antimicrobials.

Bacteria interactions with antibiotics are depend on the structure of the cell itself.
Staphylococcus aureus contains a thick cell wall made up of peptidoglycan and in this case are 50
percent by weight. The peptidoglycan is made up of both N-acetyl glucosamine and N-
acetylmuramic acid, which are linked with tetrapeptide chains. The cell wall of S. aureus was
found to contain peptidoglycan along with teichoic acids and proteins (Umeda et al, 1987).
Teichoic acids are bound to the peptidoglycan through phosphodiester bonds. The acids then
extend out where proteins are bound and form the outer most layer of the cell. Antibiotics work
by binding to the proteins and inhibiting cell wall formation by inhibiting the cell enzyme. In this
case, Staphylococcus aureus contains B-lactamase enzyme and B-lactam antibiotics such as
penicillin (e.g. penicillin G, ampicillin and methicillin), cephalosporin and carbapenems, as well as
monolactams and B-lactamase inhibitors are able to bind to this enzyme. Some antibiotic have
an antibacterial effect by inhibiting protein synthesis. Representatives of this group include the
aminoglycosides, tetracycline, macrolides and chloramphenicol which interfere with ribosome
function. Also, there are antibiotics that inhibit DNA synthesis, including quinolones,
fluoroquinolones and sulfonamides. The cell itself contains prophages, plasmids,
and transposons all within a 2800 bp circular chromosome (Lowy and Franklin, 1998). This is
where mechanisms of antibiotic resistance are found and transferred between cells through
horizontal gene transfer.

Resistance Mechanisms
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Mechanisms of antimicrobial resistance can be divided into four general categories

(Quale et al, 2003) (Figure s, 2.2. and 2.3.):

1. Enzymes that destroy or modify the antimicrobial substrate

2. Target site alteration like alteration of DNA gyrase, a target of fluoroquinolones.
3. Bypass pathways that substitute for a metabolic pathway.

4, Barrier to penetration or efflux pumps that exclude the agent.

E v prre
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Figure 2.2.Mechanisms of antimicrobial resistance
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Figure 2.3. Biochemical Mechanisms of antimicrobial resistance
Materials and methods
Meat Sample Collection

Samples of raw meat (beef, lamb and chicken) were collected from different places in
Michigan. The collected samples were immediately transported in insulated ice containers to the
laboratory for microbial analysis.
Isolation and identification of S. aureus

Meat samples were added to 10 ml of buffered peptone water (BPW) in sterile plastic
bags. 10 mL was then transferred from the bag and added to 10 mL of enrichment broth of
Trypticase Soy Broth (Merck, Darmstadt, Germany) with 10% sodium chloride and 1% sodium
pyruvate, then incubated at 37 °C for 24 h. The enrichment broth was streaked onto Baird-Parker
agar plates (Merck, Darmstadt, Germany) containing an egg-yolk tellurite emulsion (Merck,
Darmstadt, Germany), then incubated at 37°C for 24 to 48 h (Pu et al., 2009). Colonies exhibiting

characteristic morphology of S. aureus (black colonies surrounded by 2 to 5 mm clear zones) were
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randomly selected and subjected to gram stain, tests for catalase reaction, coagulase enzymes,
DNase activity and finally genotypic confirmation through PCR detection of S. aureus 16s rRNA
(Staphylococcus genus-specific, 228 bp) (Lovseth et al, 2004) and nuc (S. aureus species-specific,
279 bp) genes (Brakstad et al., 1992). All isolates were stored at - 80C in TSB plus 20% (v/v)
glycerol for further use. Working cultures were prepared by streaking directly from the cryo vials
onto Try tone Soy Broth (TSB) and incubating at 37.

DNA extraction

Extraction of DNA was done using Qiagen DNeasy blood &tissue kit. Extraction was
completed according to manufacture protocol.
Identification of S. aureus by PCR (Nuc gene test)

Following the DNA extraction, presumptive S. aureus isolates were identified to the
species level by polymerase chain reaction (PCR) detection of thermonuclease gene (nuc, S.
aureus specific) ( Sharma et al. (2000). Each polymerase chain reaction (PCR) contained 5uL PCR
Buffer 10x ,4uL MgCI2 50 mM, 1 uM dNTP mix 10 mM , 1 U Tag DNA Polymerase ,10 pmol of
each primer, and 1uL DNA. The final volume was adjusted to 16uL by adding 3.5uL sterile ultra-
pure water. The mixes were submitted to a program performed on a thermo cycler with an initial
denaturation step at 94°C for 4 min, 35 amplification cycles each with 20 seconds at 94°C; 30
seconds at 62°C; 20 seconds at 72°C followed by an additional extension step of 5 minutes at
72°C. Positive and negative controls were included in each PCR run. Then all isolated strains
were identified by PCR were visualized after electrophoresis on 2% agarose gel and the product
size was estimated using a DNA ladder.

Detection of enterotoxin genes
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The primers used to detect enterotoxin genes and 16s rRNA were described by (Johnson
et al. 1991) and (Monday and Bohach, 1999) and are listed in table (2.2). The PCR reaction
mixture contained 20 ng of template DNA, 1 U of Tag DNA polymerase, 250 uM of each dNTP, 10
mM Tris-HCI (pH 9.0), 40 mM KCl, and 1.5 mM MgCIl2. The mixes were submitted to a program
performed on a thermo cycler with an initial denaturation step at 95°C for 5 min, 30 amplification
cycles each with 1 min. at 95°C; 1 min. at 53°C; 2 min. at 72°C followed by an additional extension
step of 5 min. at 72°C. Then all isolated strains were identified by PCR were visualized after
electrophoresis on 2% agarose gel and the product size was estimated using DNA molecular
weight ladder.

Detection of MEC A gene

The primer used to detect the mec A gene was described by (Vannuffel et al, 1995) and is
listed in (table2.2). PCR amplification was performed on a thermo cycler with an initial
denaturation step at 94°C for 5 min, 30 amplification cycles each with 30 sec. at 94°C; 30 sec. at
60°C; 30 sec. at 72°C followed by an additional extension step of 5 min. at 72°C. PCR products
were visualized after electrophoresis on 2% agarose gel and the product size was estimated using
DNA molecular weight ladder.

Antimicrobial susceptibility testing

Antimicrobial susceptibility tests for S. aureus were performed using agar dilution method
described in the guidelines of the Clinical and Laboratory Standards Institute (CLSI, 2007).
Suspensions in sterile Ringer’s solution equivalent to 0.5 McFarland Standard were prepared
from an overnight culture on TSA plates (sigma), then cultured on Muller Hinton Agar (MHA)

(sigma) and incubated at 35 °C for 18—24h. The isolates were tested with a panel of fourteen
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antimicrobials: penicillin, ampicillin, vancomycin, nitrofurantoin, erythromycin, chloramphenicol
(Sigma) and oxacillin, rifampicin, gentamicin, tetracycline, amikacin, clindamycin, amoxicillin, and
ciprofloxacin. The MIC was determined in Muller Hinton agar (MHA) (sigma) plus 2% w/v of NaCl
in the case of oxacillin, in cation-adjusted MH for penicillin and ampicillin and in MH to test the
other antibiotics investigated. Inhibition zones were measured and interpreted as recommended
by the guidelines of the Clinical and Laboratory Standards Institute (CLSI 2010). S. aureus ATCC
29213 was plated as a control. For each antibiotic susceptibility determination, at least two
independent experiments were performed.

Statistical analysis

A chi-square test (IBM SPSS Statistics 23) was used to compare the prevalence of each gene

among S. aureus isolates between different types of meat
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Sample | No. No.(%) of | Confirmation tests for positive S. aureus isolates
Samples | positive
S. aureus
samples
Gram | Catalase | Coagulase 16s rRNA | Nuc
stain Reaction | test gene
Beef 55 24 (43.6) + + + + +
Lamb 46 20 (43.4) + + + + +
Chicken 41 17 (41.4) + + + + +
Total 142 61 (42.9)
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Table2.2.PCR primers for detection of enterotoxin genes (ESs), Nuc, 16srRNA and Mec A genes

Toxin Gene | Primer | Oligonucleotide sequences 5'-3' Size (bp) | Reference
sea F CCTTTGGAAACGGTTAAAACG 127 Johnson
et al,1991
R TCTGAACCTTCCCATCAAAAAC
seb F TCGCATCAAACTGACAAACG 477 Johnson
et al,1991
R GCAGGTACTCTATAAGTGCCTGC
sec F CTCAAGAACTAGACATAAAAGCTAGG 271 Johnson
et al,1991
R TCAAATCGGATTAACATTATCC
sed F CTAGTTTGGTAATATCTCCTTTAAACG 318 Johnson
et al,1991
R TTAATACTATATCTTATAGGGTAAACATC
see F CAGTACCTATAGATAAAGTTAAAACAAGC 178 Johnson
et al,1991
R TAACTTACCGTGGACCCTTC
seg F CGTCTCCACCTGTTGAAGG 327 Monday
R | CCAAGTGATTGTCTATTGTCG etal, 1999
seh F CAACTGCTGATTTAGCTCAG 360 Monday
et al,1999
R GTCGAATGAGTAATCTCTAGG
sei F CAACTCGAATTTTCAACAGGTAC 465 Monday
et al,1999
R CAGGCAGTCCATCTCCTG
sej F CATCAGAACTGTTGTTCCGCTAG 142 Monday
R | CTGAATTTTACCATCAAAGGTAC etal, 1999
F GTAGGTGGCAAGCGTTATCC 228 Johnson
16s rRNA et al, 1991
R CGCACATCAGCGTCAG
mecA F GAA ATG ACT GAA CGT CCG AT 399 Vannuffel
et al, 1995
R CTG GAACTT GTT GAG CAG AG
Nuc F CTGGCATATGTATGGCAATTG 397 Johnson
et al,1991
R AATGCACTTGCTTCAGGACC
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Figure 2.4. S. aureus 16s rRNA in beef samples. Lane 1 and 30 contain DNA ladder 100kBP. Lane
2 contains negative control
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Figure 2.5. S. aureus16s rRNA in chicken samples. Lane 1 and 30 contain DNA 100kBP ladder.
Lane 2 contains negative control. Lane 29 contains NUC gene as positive (+) control.
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Figure 2.6. S. aureus 16s rRNA — nuc gene in lamb samples. Lane 2 — 14 confirms presence of
16SrRNA gene in all Lamb samples. Lane 1 and 29 contain DNA 100 kBp ladder. Lanes 2 and 15
contain negative (-) control. Lanes 16 — 28 contains Lamb samples (1-12); bands indicate presence
of S. aureus specific nuc gene for samples 1-12 in lamb.
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Figure 2.7. S. aureus nuc gene in chicken samples. Lane 2 through 27 contains chicken 1 to 25.
Lane 1 and 29 contains 100 kBp DNA ladder. Lane 28 contains sample 1 for chicken for 16SrRNA
gene as positive control.
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Figure 2.8. S. aureus nuc gene in beef samples. Lane 2 to 28 contain Beef sample 1 through 26
Lane 1 and 30 contain DNA ladder 100kBP. Lane 2 contains negative control. Lane 29 contains
sample 1 for chicken for nuc gene as positive control.
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Figure 2.9. S. aureus MecA gene in chicken sample 1 to 25. Lanes 3 through 27 contains chicken
samples. Lane 1 and 29 contains 100 kBp DNA ladder. Lane 2 contains negative control and land
28 contains positive control with sample no.1 of chicken for 16SrRNA gene. * Bands indicate
presence of MecA gene in each sample
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Figure 2.10. S. aureus mecA gene in beef samples 1 - 26. Lanes 3 through 28 contain beef
samples. *Bands indicate presence of mecA gene. Lane 2 contains negative control. Lanes 1 and
29 contains 100kBp DNA ladder.
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Figure 2.11. S. aureus mecA gene in lamb samples. Lanes 3 through 15 contains lamb samples
1to 12. Bands indicate presence of mec A gene. Lanes 1 and 15 contains 100kBp DNA ladder.
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Figure 2.12. S. aureus sea gene in beef samples. Lanes 3 through 27 contains chickens samples
1 to 25. Bands indicate presence of S.aureus enterotoxins seA gene. Lanes 1 and 29 contains
100kBp DNA ladder. Lane 2 contains negative control.
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Figure 2.13. S. aureus seb gene in beef samples. No amplification of PCR products for seB gene
of all beef samples. Absence of bands indicate no presence of enterotoxin seB. Lane 1 and 29

are 100kBp DNA ladder. Lane 2 contains negative control.
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Figure 2.14. S. aureus sec gene in beef samples. No amplification of PCR products for seC gene
of all beef samples. Absence of bands indicate no presence of enterotoxin seC. Lane 1 and 29
are 100kBp DNA ladder. Lane 2 contains negative control.
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Figure 2.15. S. aureus sed gene in beef samples. No amplification of PCR products for seD gene
of all beef samples. Absence of bands indicate no presence of enterotoxin seD. Lane 1 and 29
are 100kBp DNA ladder. Lane 2 contains negative control.
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Figure 2.16. S. aureus see gene in beef samples. Lane 1 and 30 contains 100kBp DNA ladder.
Lane 29 contains beef sample 1 for 16srRNA gene as positive control and lane 2 contians negative
control. Absence of bands indicate no presence of enterotoxin seE.
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Figure 2.17. S. aureus seg gene in beef samples (1-25). Lane 1 and 30 contains 100kBp DNA
ladder. Lane 29 contains beef sample 1 for 16srRNA gene as positive control and lane 2 contians
negative control. No amplification of PCR products for seG gene of all beef samples. Absence of
bands indicate no presence of enterotoxin seG.
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Figure 2.18. S. aureus seh gene in beef samples. Lane 3 through 28 contain amplified PCR
products for beef samples 1 to 26. Band indicates presense of seH gene. Lane 2 contains negative
control and lane 29 contains amplified beef sample 1 for 165rRNA gene as positive control. Lande
1 and 30 contain 100kBp DNA ladder.
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Figure 2.19. S. aureus sei gene in beef samples 1 to 26. Lane 3 to 28 contain PCR amplified
product for beef sample 1 to 26 target sel gene. Band indicates presense of enterotoxis sel. Lane
2 contains negative control and lane 29 contains amplified beef sample 1 with 16srRNA gene as
positive control. Lane 1 and 30 contain 100kBp DNA ladder.
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Figure 2.20. S. aureus sej gene in beef samples 1- 26. Lane 3 to 28 contain PCR amplified product
for beef sample 1 to 26 target se)J gene. Band indicate presence of amplified product of
enterotoxin gene sel. Lane 2 contains negative control. Lanes 1 and 29 contains 100kBp ladder.
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Figure 2.21. S. aureus sea gene in lamb samples. Lane 3 through 14 contains PCR amplified
product of lamb samples 1 — 12 for target seA gene. Band indicates the presence of enterotoxin
gene seA. Lane 1 and 29 contain 100kBp DNA ladder. Lane 2 contains negative control.
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Figure 2.22. S. aureus seb gene 1-12 (left), sec gene (right) 1-12 in lamb samples. Lanes 2
through 14 contains PCR amplified products for lamb samples 1 to 12 target gene seB. Lanes 16
through 27 contain PCR amplified products for lamb samples 1 to 12 target gene seC. No band
indicates absence of enterotoxin gene seB. Lanes 1 and 28 contain 100kBp DNA ladder. Lane 2
contains negative control and lane 29 contain PCR amiplified product of lamb sample 1 for nuc
gene as positive control.
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Figure 2.23. S. aureus sed gene 1-12 (left), S. aureus see gene 1-12 in lamb samples. Lanes 3 to
14 contains PCR amplified products for lamb samples 1 to 12 for target gene seD (left) and seE
(right). Band indicate presence of enterotoxin gene seD (left) or seE (right). Lanes 1 and 15
contain 100kBp DNA ladder. Lanes 2 contain negative control.



88

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 617 18 19 20 21 22 23 24 25 26 2728 2930

Figure 2.24. S. aureus see gene 1-12 (left) - seg gene (right) 1-12 in lamb samples. Lanes 3
through 14 and 16 through 28 contain PCR amplified products of lamb samples 1 to 12 for target
genes seE and seG, respectively. Lane 1 and 29 contain 100kBp DNA ladder. Lane 2 and 15
contain negative control and lane 30 contains amplified product of lamb samples 1-12 for target
16SrRNA gene.
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Figure2.25. S. aureus seh gene (left) 1-12-sei gen 1-12 in lamb samples. Lanes 3 through 14 and
16 through 28 contain PCR amplified products of lamb samples 1 to 12 for target genes seH and
sel, respectively. Lane 1 and 29 contain 100kBp DNA ladder. Lane 15 and 30 contain negative
control and lane 28 contains amplified product of lamb samples 1 for target nuc gene.
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Figure 2.26. S. aureus sej gene in lamb samples. Lanes 3 through 14 contain amplified PCR
product for lamb samples 1 to 12 for target se) gene. Band indicates presence of enterotoxin sel
in specific samples. Lane 1 contains 100kBp DNA ladder. Lane 2 contains negative control and
lane 15 contains amplified PCR product of lamb sample 1 for target nuc gene.



91

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Figure 2.27. S. aureus sea gene in chicken samples. Lanes 2 through 26 contain amplified PCR
product of chicken samples 1 to 25 and target seA gene. Band indicates presence of
enterotoxin gene seA in specific samples. Lanes 1 and 28 contain 100kBP DNA ladder. Lane 29
contains negative control and lane 27 contains amplified PCR product of chicken sample 1 to
25 and target seA gene.
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Figure 2.28. S. aureus seb gene in chicken samples. Lanes 3 through 28 contains amplified PCR
products of chicken samples 1 to 25 and target seB gene. No band indicates absence of
enterotoxin seB in specific samples. Lane 1 and 29 contain 100kBp DNA ladder. Lane 2 contains
negative control and lane 30 is blank.
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Figure 2.29. S. aureus sec gene in chicken samples. Lanes 3 through 28 contains amplified PCR
products of chicken samples 1 to 25 and target seC gene. No band indicates absence of
enterotoxin seC in specific samples. Lane 1 and 30 contain 100kBp DNA ladder. Lane 2 contains
negative control and lane 29 contains amplified PCR product of chicken sample 1 and target
16SrRNA gene as positive control.



94

1 2 3 4 5 6 7 8

Figure 2.30. S. aureus sed gene 1-6 in chicken samples. Lanes 3 through 8 contain amplified
PCR product of chicken samples 1 to 6 and seD gene. No band indicates absence of enterotoxin
seD gene. Lane 1 contains 100kBp DNA ladder and lane 2 contains a negative control.
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Figure 2.31. S. aureus sed gene 6-25 in chicken samples. Lanes 8 through 27 contains amplified
PCR product of chicken sample 6 to 25 and target seD gene. No band indicates absence of
enterotoxin seD gene. Lane 6 and 28 contains 100kBp DNA ladder. Lane 7 contains negative
control.
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Figure 2.32. S. aureus see gene in chicken samples. Lane 3 through 28 contains amplified PCR
product of chicken samples 1 to 25 and target seE gene. No band indicated absence of
enterotoxin seE in specific samples. Lane 1 and 30 contians 100kBp DNA ladder. Lane 2 contians
negative control and lane 29 contains amplified PCR product of chicken sample 1 and target
16SrRNA gene as positive control.
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Figure 2.33. S. aureus seg gene in chicken samples. Lane 3 through 28 contains amplified PCR
product of chicken sample 1 to 25 and target seG gene. Band indicates presence of enterotoxin
seG gene in specific samples. Lane 1 and 30 contians 100kBp DNA ladder. Lane 2 contians
negative control and lane 29 contains blank.
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Figure 2.34. S. aureus seh gene in chicken samples. Lane 3 through 28 contains amplified PCR
product of chicken samples 1 to 25 and target seH gene. No band indicated absence of
enterotoxin seH in specific samples. Lane 1 and 30 contians 100kBp DNA ladder. Lane 2 contians
negative control and lane 29 contains amplified PCR product of chicken sample 1 and target
16SrRNA gene as positive control.
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Figure 2.35. S. aureus sei gene in chicken samples. Lanes 3 through 28 contains amplified PCR
products of chicken samples 1 to 25 and target sel gene. Band indicates presence of enterotoxin
sel in specific samples. Lane 1 and 30 contain 100kBp DNA ladder. Lane 2 contains negative
control and lane 29 contains amplified PCR product of chicken sample 1 and target nuc gene as
positive control.
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Figure 2.36. S. aureus sej gene in chicken samples. Lane 3 through 28 contains amplified PCR
product of chicken samples 1 to 25 and target sel gene. No band indicated absence of
enterotoxin sel in specific samples. Lane 1 and 30 contians 100kBp DNA ladder. Lane 2 contians
negative control and lane 29 contains blank.
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Table2.3.Distribution of enterotoxin genes among S. aureus isolates from meat.

No.(%) of S. aureus isolates n=63
Gene S.aureus S.aureus S.aureus Total
isolates isolates isolates
(beef) n=26 (lamb) n=12 (Chicken) n=25
Sea 10 (15.5%) 4 (6.3%) 25(39.6%) 39 (61.9%)
Seb 0 0 0 0
Sec 0 0 0 0
Sed 0 2 (3.1%) 0 2 (3.1%)
See 0 0 0 0
Seg 0 6 (9.5%) 0 6 (9.5%)
Seh 17 (26.9%) 4 (6.3%) 0 21 (33.3%)
Sei 11 (17.4%) 0 8 (12.6%) 19 (30.1%)
Sej 0 2 (3.1%) 0 2 (3.1%)
Sea + sei 7 (11.1%) 0 8 (12.6%) 15 (23.8%)
Sej + seh 0 2 (3.1%) 0 2 (3.1%)
Sei + seh 11 (17.4%) 0 0 11 (17.4%)
Sed + seg 0 2 (3.1%) 0 2 (3.1%)
Sea + seh 9 (14.2%) 0 0 9 (14.2%)
Sed + seh 0 2 (3.1%) 0 2 (3.1%)
Sed + sej 0 2 (3.1%) 0 2 (3.1%)
Sea+ sei + seh 7 (11.1%) 0 0 7 (11.11%)
Sed + seg + sej 0 2 (3.1%) 0 2 (3.1%)
+seh
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Table2.4. Antimicrobial resistance of S. aureus isolates from meat.

No.(%) of S. aureus isolates n=96
Antibiotic

Beef n=33 Lamb n=35 | Chicken n=28 Total
Ampicillin 23 (69.6%) 26 (74.2%) 19 (67.8%) 68 (70.8%)
Gentamicin 2 (6%) 0 1(3.5%) 3 (3.1%)
penicillin 25 (75.7%) 23 (65.7%) 21 (75%) 69 (71.8%)
Oxacillin 7 (21.2%) 11 (31.4%) 7 (25%) 25 (26%)
Ciprofloxacin 0 0 0 0
Erythromycin 3 (9%) 2 (5.7%) 2(7.1%) 7 (7.2%)
Tetracycline 14 (42.4%) 12 (34.2%) 9 (32.1%) 35 (36.4%)
Chloramphenicol 1(3%) 0 1(3.5%) 2 (2%)
Rifampicin 1(3%) 0 1(3.5%) 2 (2%)
Vancomycin 0 0 0 0
Amikacin 1(3%) 1(2.8%) 0 2 (2%)
Amoxicillin 4 (12.1%) 6 (17.1%) 4 (14.2%) 34 (35.4%)
Clindamycin 1(3%) 1(2.8%) 1(3.5%) 3 (3.1%)
Nitrofurantoin 0 0 0 0
Multidrug 15 (48.4%) 19 (54.2%) 13 (46.4%) | 47 (48.9%)
resistance
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Results and discussion
1-Prevalence of S. aureus in different types of meat

Previous studies showed that S. aureus is the most important Staphylococcus species
causing food-borne illness (Jablonski & Bohach, 2001). Prevalence of S. aureus in meat samples
were shown in table (2.1), Our results showed that of the 142 samples, 61 (42.9%) samples were
positive for S. aureus were confirmed to be S. aureus by genotypic identification when the
gene nuc and the target 16s rRNA were observed, and by biochemical identification when gram
stain, catalase reaction, coagulase test were positive. 63 S. aureus isolates were recovered from
the 61 S. aureus —positive samples (1-2 isolates per sample) for enterotoxin genes detection.
Also, a total 96 S. aureus isolates including (33), (35) and (28) from beef, lamb and chicken,
respectively were used for antibiotic resistance test. The presence of S. aureus in foods
commonly indicates contamination that may be directly introduced into the food by workers who
have skin lesions containing S. aureus, or by sneezing or coughing (Jay, 1986). Other
contamination sources of S. aureus are soil, water, dust and air (Arbuthnott, 1990).
Previous studies showed that S. aureus is the most important Staphylococcus species causing
food-borne illness (Jablonski & Bohach, 2001). Our study showed that prevalence of S.
aureus (42.9%) in the meat samples was high. (Waters et al, 2011) reported that prevalence of
S. aureus in meat samples in five cities in USA was (47%). In contrast, much lower prevalence of
S. aureus was also reported, such as (8%) in Korea (Heo et al., 2008). Beef samples showed the
highest prevalence (41.1%) of S. aureus contamination while in chicken samples showed the

lowest prevalence (27.4%) table (2.1.).
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2-Enterotoxin genes of S. aureus in meat

Staphylococcal food Poisoning (SFP) is one of the most common causes of food-borne
illness due to the widespread occurrence of S. aureus and to the ability of many strains to produce
one or more Staphylococcal enterotoxin (SEs). The heat stable toxins produced by bacterial
pathogens do not lose their biological activity by cooking and their presence in meat at elevated
levels is a food safety concern (Le Loir et al., 2003). A genotyping by PCR was performed to detect
classical enterotoxin genes (sea to see) and newly enterotoxin genes (seg to sej) for total of 63 S.
aureus isolates were recovered from the 61 S. aureus —positive samples (1-2 isolates per
sample), including (12,26,25) isolates from lamb, beef and chicken respectively. Our results
showed that 80.9% of the tested strains contained either one or more enterotoxin genes, which
is agreement with (85%) reported in USA (Pu et al, 2011).However, it was lower than 59.8%
reported in an Italy (Normanno et al., 2007) and 62% reported in Korea (Oh et al., 2007),In
addition, the percent of S. aureus isolates that harbored two to four SE genes in the present study
was 36.5%, which is lower than 66% reported in USA (Pu et al, 2011) and agreement with 25.6%
reported in an Italy (Normanno et al., 2007).A high percent of beef isolates (60%) contained
enterotoxigenic S. aureus than that of chicken and lamb. Our study showed that the two most
commonly detected Es genes in meat were sea (61.9%) and seh (33.3%) followed by sei (30.1),
seg (9.5%), sed and sej (3.17% each). No isolates harbored three other SE genes, that is, seb, sec,
or see. A high percent of sea gene was detected in present study was consistent with reports
that sea gene is the most common enterotoxin found during food and food poisoning outbreaks
worldwide(Balaban and Rassoly, 2000); ( Choi, 2000).The most commonly SE gene combination

was (sea- sei) occurring in (23.8%) of S. aureus isolates followed by (sei, seh), (sea, seh), and (sea,
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sei, he) were occurring in (17.4),(14.2),and (11.11) respectively. Mec A gene was positive in 71.4
of S. aureus isolates. Allisolates containing the mec A Agene showed positive MRSA phenotypes.
Results from this research indicate that high levels of staphylococcal enterotoxin genes were
detected in meat. Therefore, these findings are alarming and require the need to prevent the
presence of S. aureus strains and SEs production in meat.
3- Antibiotic resistance of S. aureus isolates from different types of meat

Food is an important factor for the transfer of antibiotic resistances. Such transfer can
occur by means of antibiotic residues in food, through the transfer of resistant food-borne
pathogens or through the ingestion of resistant strains of the original food microflora and
resistance transfer to pathogenic microorganisms (Khan et al., 2000); (Pesavento et al., 2007). S.
aureus strains are known to be frequently resistant to antibiotic therapy due to their capacity to
produce an exopolysaccharide barrier and because of their location within micro abscesses,
which limit the action of drugs (Gundogan et al., 2006). Antimicrobial susceptibility tests for S.
aureus isolates against different antibiotics are shown in table (2.4). Our results indicated that S.
aureus isolates showed different antimicrobial resistance levels where the percent of resistance
for a total of (96) S. aureus isolates to fourteen antimicrobials were as follow: ampicillin (70.8%),
penicillin (71.8%), tetracycline (36.4%), amoxicillin(35.4%),oxacillin (26%), erythromycin (7.2%),
clindamycin (3.1%), gentamycin (3.1%), Chloramphenicol(2%), amikacin (2%), rifampin(2%)
,vancomycin (0%), ciprofloxacin (0%), and nitrofurantoin (0%) . Our results showed that there
are three groups of isolates based on resistance to antibiotic where some isolates showed high
resistant to specific antibiotic specially the ones that are generally used as initial line of treatment

such as penicillin 69 (71.8%), ampicillin 68 (70.8%), tetracycline 35 (36.4%) and amoxicillin 34
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(35.4%). Another group was showed that no resistance to some antibiotic such as nitrofurantoin,
vancomycin and ciprofloxacin, they are susceptible, thus giving us some way of treating any
infection caused by the same strains of the S. aureus isolates. A small percentage of the isolates
demonstrated resistance to rifampicin, amikacin and chloramphenicol (2%) for each, to
gentamycin and clindamycin were (3.1%) for each and to erythromycin was (7.2%). The isolates
were collected from lamb samples demonstrated the most sensitive to the tested antibiotics
among tested samples.

Multidrug resistant strains of S. aureus are a risk factor for the public health. A methicillin
susceptibility test showed that (26%) S. aureus isolates were resistant to methicillin. The percent
of multidrug resistance of S. aureus isolates (resistance to three or more classes) were (48.9%)
(Table2.2). A high percent of multidrug resistant S. aureus was detected in our study is alarming.
It raises concerns about inappropriate practices including the use of antimicrobials as growth
promotors in food animal production and the frequent use of antimicrobials in poultry
husbandry. Genes coding for antimicrobial resistance can move through horizontal gene transfer
to clinical pathogenic strains and contribute to the creation of superbugs. Results from this
research indicated that high levels of staphylococcal enterotoxin genes, antibiotic resistance and
multidrug resistant were detected in meat. Therefore, these findings are alarming and require

the need to prevent the presence of S. aureus strains and SEs production in meat.
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CHAPTER 3: EFFECT OF MEAT PRODUCTION METHOD ON MICROBIAL CONTENT AND
PHYSIOCHEMICAL QUALITY INDICATORS IN FRESH MEAT

Abstract

There are different types of meat based on the method of animal slaughter and
processing. Halal meat is produced without stunning prior to slaughter, resulting in a rapid and
complete bleeding of animals. Studies have shown that halal slaughter results in significantly
lower residual hemoglobin than conventional slaughter with stunning (non-halal).The aim of this
chapter is to evaluate the microbial content and quality indicators differences between fresh
halal and non-halal beef. Meat samples were collected from different slaughter houses in
Michigan. Microbiological analyses of meat samples showed that halal meat samples had
significantly lower (P <0.05) microbial count than non-halal meat. This includes APC (aerobic
plate count), Psychrotrophic bacteria, total coliform, Pseudomonas spp., and
Enterobacteriaceae. However, no significance differences were observed for E. coli, Yeast and
mold, staphylococcus aureus, and fecal coliform. Physiochemical analyses showed that quality
indicators for meat such as lipid oxidation, drip loss, and Heme iron content were significantly
lower (P <0.05) in halal meat than non-halal meat. However, no significant differences were
observed for PH and thaw loss. Results from this research indicate that slaughter method
significantly affects the meat quality. We show that halal meat processing may be advantageous
in reducing bacterial colonization, increasing the usable shelf life, and improving the quality of

the meat.
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Introduction

Halal food market is increasing and its consumers are estimated at 1.5 billion (Riaz and
Chaudry, 2004). The amount of money spent on halal food and drinks represents 16.6% of the
global expenditure on food and drinks. This equates to approximately $S1.1 trillion and it is
estimated that by the year 2018, the value could reach $1.6 trillion (Thomson Reuters and Dinar
Standard, 2013). Due to the apparent economic benefits of the halal market, many food
businesses in the west have entered into the trade of halal food products. Nestle, one of the
world's major food manufacturers now holds halal certification for an estimated 150
manufacturing sites globally (Thomson Reuters and Dinar Standard, 2013).

Meat is one of the most easily spoiled foods because it contains a lot of nutrient, high
water content with dissolved substances and appropriate PH needed to encourage the growth of
different microorganisms. Some of meat spoilage symptoms come from the growth of
microorganisms to unacceptable levels while the other due to the chemical changes such as
physical damage, lipid oxidation and color change. There are different types of meat based on
the method of animal slaughter and processing. Halal meat is produced without stunning prior
to slaughter, resulting in a rapid and complete bleeding of animals (Eliasi and Dwyer, 2002;
Grandin and Regenstein, 1994). Studies have shown that halal slaughter results in significantly
lower residual hemoglobin than conventional slaughter with stunning (non-halal) (Nakyinsige et
al, 2014).There is a correlation between meat quality and blood. The more blood retained, the
poorer the meat quality (Gregory, 2008; Strappini et al, 2009). Residual blood left in the carcass
because of improper bleeding may decrease the shelf life and hence the quality of the meat

product because hemoglobin which is an important component of blood is a powerful promoter
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of lipid oxidation and growth of microorganisms (Alvarado et al, 2007). Also, glucose in the blood
serves as substrate favorable for microbial growth such as Pseudomonas bacteria (Warriss,
2001). In addition, blood also contains a large number of white blood cells that produce hydroxyl
radicals, superoxides, and hydrogen peroxide that enhance lipid oxidation (Gabig & Babior,
1981).

This approach may improve the quality and extend the shelf life of meat. Halal and non
halal meat studies involved goat, chicken and rabbit, no data have been published on the
differences between microbial content and physiochemical characteristics in beef. Therefore,
the objective of this chapter is to evaluate the microbiological and physiochemical differences
between fresh halal and non-halal beef.

Microorganism in meat
A-Pseudomonas

Pseudomonads are gram-negative rods, strict aerobes and use glucose as primary
substrate for growth. Erichsen and Molin (1981) reported that Pseudomonas species were the
dominant bacteria group on normal and high pH beef as well as in some cases, Pseudomonas can
constitute up to 96% of the population (Asensio et al, 1988).Pseudomonas is the primary genus
involved in the spoilage of refrigerated meats that are stored in air (Bailey et al, 1979) where
there are three major species of pseudomonas (Ps. fragi, Ps. fluorescens and Ps. lundensis)
isolated from fresh and spoiled meat (Liao, 2006). When the glucose is available as substrate for
growth, pseudomonas will consume it first without produce offensive byproducts. But when the
glucose fails, the pseudomonads turn to protein degradation (Young et al, 1988) and evolution

of ammonia by de-amination of amino acids under aerobic conditions. Most of species of



120

pseudomonas are produced bacterial enzymes like proteases and lipases therefore the spoilage
caused by pseudomonas when growth in meat slimy, putrid odors and breakdown of animal
tissues (Liao, 2006).
B-Lactic acid bacteria

Lactic acid bacteria are gram-postive organisms, strictly fermentative where they
produce lactic acid as a result of glucose fermentation, facultative anaerobic and non-spore
forming bacteria (Stanbridge & Davies, 1998). Although many species of lactic acid bacteria are
spread in meat include Lactobacillus, Lactococcus, Leuconostoc, Carnobacterium, and Weissella
(Schillinger & Holzapfel, 2006). But some of these such as Lactobacillus spp., Carnobacterium
spp. and Leuconostoc spp have significant role in the spoilage of refrigerated raw meat (Labadie,
1999) Symptoms of meat spoilage by these bacteria are slime formation, discolorations, sour
flavor and off odor, (Schillinger & Holzapfel, 2006), but they do not produce malodourous
substances (Dainty et al, 1975).
C-Enterobacteriaceae

Enterobacteriaceae is large family consist of about 150 species (Baylis, 2006),
gram-negative, facultative anaerobic, rod shaped and non-spore forming bacteria. They use
glucose as substrate for growth and produce some deleterious compound (Gill, 1986) ;( Lambert
et al, 1991). There are different genera of the Enterobacteriaceae such as Klebsiella,
Enterobacter, Citrobacter, Hafnia, Kluyera (less commonly), Serratia, Proteus have found on raw
beef, lamb, pork, and poultry products(Garcia-Lopez et al, 1998). But the most important species
of the Enterobacteriaceae that responsible of the meat spoilage are Serratia liquefaciens, Hafnia

alvei and Enterobacter (Pantoea) agglomerans (Samelis, 2006). Stanbridge & Davies (1998)
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indicated that H. alvei and S. liquefaciens grown in meat produce malodorous diamines as well
as they cause a green discoloration because of the growth these two bacteria.
D-Escherichia coli

Escherichia coli are a gram-negative, non-spore forming, motile or stationary
straight rod (1-4 um). It is a mesophilic, facultative anaerobe that is normally inhabitant in the
intestines of humans and other warm-blooded animals, mammals and birds. E. coliis an indicator
organism and its presence in food or water is generally indicative of fecal contamination. E. coli
strains that produce Shiga toxin are called Shiga toxin-producing E. coli (STEC) because of the
strong similarity between the toxin they produce and the toxin produced by Shigella dysenteriae
type 1 (Calderwood et al., 1996).
E-Total coliforms

Coliforms are gram-negative, rod-shaped facultative anaerobic bacteria. Identification

criteria used are production of gas from glucose (and other sugars) and fermentation of lactose
to acid and gas within 48 h at 35°C (Hitchins et al., 1998). One of the most common applications
of coliform bacteria as indicator organisms is in their association with hygienic conditions and
overall quality, especially concerning heat processed foods. Coliforms at normal levels found in
foods are killed by most heat processing conditions therefore their presence in a food generally
indicates an inadequate heat process or post-processing contamination.
F-Fecal coliforms

Fecal coliforms are coliforms that ferment lactose with gas production within 48 h

at 45.5°C. This test was developed to differentiate between fecal and non-fecal contamination.
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Fecal coliforms are considered more directly associated with fecal contamination from warm-
blooded vertebrates than are other members of the coliforms.
Physiochemical quality indicators of meat
1-Lipid oxidation

Lipid oxidation is one of the major causes of quality deterioration in raw and
cooked meat products during refrigeration and storage (Raharjo and Sofos, 1993). The free
radical intermediate from lipid oxidation can decompose Heme, causing loss of color. Buckley et
al., 1989, reported that an increase of lipid oxidation would cause a decrease of flavor, color,
texture, nutritional value and acceptability in meat as well as sometimes formation of
carcinogenic substances (Ahn, 1992) ;( Shahidi, 1994). Malonaldehyde, which is a degradation
product of lipid oxidation, has been criticized as a carcinogenic factor in food (Kurechi, 1980).
There is also increasing evidence to indicate that lipid oxidation takes place primarily at the
cellular membrane level and not in the triglyceride fraction. Therefore, lipid oxidation has been
reported in both lean and fatty meat (Thanonkaew et al, 2006).Most researchers believe that the
presence of transition metals, notably iron, is pivotal in the generation of species capable of
abstracting a proton from an unsaturated fatty acid (Kanner, 1994).Ferrous ion will cause fission
of O-O bonds to form very active alkoxy radicals for the propagation reaction, whereas the ferric
ion can form both peroxy and alkoxy radicals (Ingold, 1962). There are three steps of lipid
oxidation processing consists of initiation, propagation, and termination and these steps are
usually used to explain the autoxidation system: initiation is the formation of free alkyl radicals;
propagation is the chain reaction of free alkyl radicals and peroxy radicals; and termination is the

formation of nonradical products (Min, 1998)
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Figure 3.1. Autoxidation of lipid
RH=Unsaturated fatty acid; R. =Alkyl radical; ROO. =Peroxy radical; RO. =Alkoxy radical; ROOH
= Hydroperoxide.

Studies have shown that halal slaughter without stunning resulted in significant lower
residual hemoglobin than non-halal slaughter with stunning (K. Nakyinsige et al, 2014); (Griffith’s
et al, 1985). Residual blood left in the carcass as a result of improper bleeding may decrease the
shelf life and hence the quality of the meat product because hemoglobin which is an important
component of blood is a powerful promoter of lipid oxidation (Alvarado et al, 2007). Blood also
contains a large number of white blood cells that produce hydroxyl radicals, superoxides, and
hydrogen peroxide that enhance lipid oxidation (Gabig & Babior, 1981).
2-Heme iron in beef

There are two forms of iron can be found in meat, Heme iron as a component of
myoglobin and hemoglobin in the muscle and non-heme iron. Heme iron is absorbed by the

enterocyte as an intact molecule and has few factors that interfere with its absorption in the
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intestinal lumen (Wheby, 1981), therefore, it is highly bioavailable and significantly than non-
heme iron (Hallberg, 1981). Myoglobin, a heme-protein, gives red color to fresh beef. In an
aerobic condition deoxygenated redox form of Mb (deoxymyoglobin, DMb) with heme iron
present in the ferrous state (Fe?*) binds with oxygen to form oxymyoglobin (OMB). Oxidation
of (OMb) or deoxymyoglobin (DMb) results in the formation of metmyoglobin (MMb) with
concomitant oxidation of heme iron from ferrous (Fe?*) to ferric redox state (Fe3*). Increasing
of MMb results in meat discoloration, which effects on meat quality (Mohan et al, 2009).
Hemoglobin is a globular protein and consists of four subunits, as shown in Figure 3.2. Each
protein subunit is an individual molecule that joins to its neighboring subunits through
intermolecular interactions. In hemoglobin, each subunit contains a heme group, which is
displayed using the ball-and-stick representation in Figure 3.2 each heme group contains an iron
atom that is able to bind to one oxygen (0;) molecule. Therefore, each hemoglobin protein can

bind four oxygen molecules.

B chain

i
helical shape of the
polypeptide molecule

Figure 3.2. Hemoglobin molecule
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Studies have shown that halal slaughter results in significantly lower residual hemoglobin than

conventional slaughter with stunning non-Halal (Nakyinsige et al, 2014).
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Figure 3.3. Effect of slaughter method on hemoglobin content

Red meat and processed meat intake is associated with a risk of colorectal cancer, a major
cause of death in affluent countries. Epidemiological and experimental evidence supports the
hypothesis that heme iron present in meat promotes colorectal cancer. This meta-analysis of
prospective cohort studies of colon cancer reporting heme intake included 566,607 individuals
and 4,734 cases of colon cancer (Nadia et al, 2011).

Materials and methods
1. Sample collection:

Meat samples were collected from different slaughter houses in Michigan. The collected

samples were immediately transport in insulated ice containers to the laboratory for

microbiological and physiochemical analyses.
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2. Microbiological analysis
Samples (25 g) of beef were weighed aseptically, added to (225mL) of 0.1% sterilized

peptone water and homogenized in a stomacher for 60 s at room temperature. Decimal dilutions
in 0.1% sterilized peptone water were prepared and duplicate 1mL samples of appropriate
dilutions were poured on Petri dish then added the specific media for each type of bacteria for
the following tests (APHA,1992):-

a) Aerobic plate Count

Pouring method was carried out according to APHA (1992) where 1 ml of the selected

dilutions were added onto duplicate sterile Petri dish plates then added plate count agar ( Sigma-
Aldrich) and incubate at 35°C for 48 hr. Colonies between “25-250” were counted and the total
aerobic colony counts were then expressed as log CFU/ gram.

b) Psychrotrophic bacteria
Psychrotrophic bacteria determination were carried out plate count agar (Sigma-Aldrich) and
then incubated at 7°C for 7 days.

c) Staphylococcus aureus
Baird-Parker agar plates (Merk, Germany) were incubated for 48h at 35°C. Typical S. aureus
colonies (Black colonies with white margins surrounded by clear zones) were counted.

d) Total coliform and fecal coliform bacteria
Violet red bile lactose agar (Sigma-Aldrich) was poured into 1ml of inoculum. The plates were
then incubated at 35°C for count of total coliforms and at 44°C for count of fecal coliforms for 48
h. All typical colonies (red colonies) were counted.

e) Total yeast and mold
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Total yeast and mold were counted on Potato dextrose agar(Sigma-Aldrich) , acidified with
tartaric acid to pH 3.5 and incubated at 25°C for 5 d. Yellowish-white colonies were identified as
yeasts, whereas mold growth were recognized by its mycelial appearance.

f) Lactic acid bacteria
Lactic Acid Bacteria (LAB) counts were determined using the double-layer deMan Rogosa Sharpe
(MRS) agar (Sigma-Aldrich) and then incubated at 30°C for 72 h.

g) Enterobacteriaceae
Violet Red Bile Glucose agar (VRBG) (Oxoid, Basingstoke, UK) were used for the enumeration of
Enterobacteriaceae, overlaid with the same medium and then incubated at 37 °C for 24 h.

h) Escherichia coli
Escherichia coli bacteria were enumerated using Eosin Methylene Blue (EMB) agar (Sigma-
Aldrich) and then incubated at (37°C for 24h). Colonies of E. coli on EMB agar were round with a
typical metallic sheen.

i) Pseudomonas spp.
Pseudomonas spp. were determined on pseudomonas agar base (Oxoid, Basingstoke,UK)
supplemented with Pseudomonas CFC supplement (Oxoid, Basingstoke,UK) and then incubated
at 25°C for 48 h.

j) Listeria monocytogenes
Pre-enrichment were carried out in ( Buffered listeria enrichment broth base) supplemented with
(Listeria selective enrichment supplement) and incubated at 30°C for 7 days followed by
inoculation onto (Oxford agar) supplemented with (Oxford listeria selective supplement) then

incubated at 37°C for 48h.
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k) Presumptive salmonella spp.
(25g) of beef were added to (225ml) of (Buffered peptone water) and incubate overnight
at 37°C then 1ml of this suspension were inoculated into (Tetrathionate Broth). The TET tubes
then were incubated at 37°C for 24 h and after incubation the samples were streaked onto
(Xylose Lysine Tergitol (XLT4) agar) and then incubated under the same conditions. Suspected
colonies were passed onto (Tryptic Soy Agar) and incubated under the same conditions.
3. Physiochemical analysis
a) Determination of Heme iron content
Heme iron content of meat was determined according to the method of Cheng &
Ockerman (2004). Ground sample (2g) was mixed with 9ml of acid acetone (90% acetone,
8% deionized water and 2% HCl v/v/v). The mixture was mashed with a glass rod and allowed
to stand for 1h at room temperature. The mixture was filtered with a Whatman No. 42 filter
paper and the absorbance of the filtrate was read at 640nm against an acid acetone used as
blank. Heme iron content was calculated as follows;
Heme iron content (ppm) = Total pigment (ppm) X 0.0822
Where total heme pigment (ppm) = A640 X 680
The heme iron content was expressed as mg/100g of wet sample.
b) pH measurement

PH of meat samples were measured according to (Naveena and Mendiratta, 2001) meat
samples (10 gram) were homogenized with 50 ml of distilled water then filtered through
whatman No.1 filter paper. The PH of filtrate samples were measured using digital PH meter

(WtW 2f40-11420D.Germany) calibrated at pH 4.0and 7.0 equipped with a pH electrode.
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c¢) Thaw loss Percentage
Thaw loss was calculated as [weight of sample before freezing minus sample weight after
thawing] x 100/ sample weight before freezing.
d) Drip loss
Drip loss was calculated as [sample weight minus sample weight after 24 hours
refrigeration] x 100/ sample weight.
e) Lipid oxidation measurement
Thiobarbituric acid reactive substances (TBARS) were determinate according to the
method of Schmedes and Holmer (1989). Ground meat samples (10 g) were mixed with 25
ml of trichloroacetic acid (TCA) solution (200 g/I of TCA in 135 ml/I phosphoric acid solution)
and homogenized in a blender for 30 s. After filtration, 2 ml of the filtrate were mixed with
equal amount of aqueous solution of TBA (3 g/l) in a test tube. The tubes were incubated at
room temperature in the dark for 20 h; then the absorbance was measured at 532 nm using
UV-vis spectrophotometer (model UV-1200, Shimadzu, Kyoto, Japan). Lipid oxidation was
expressed as thiobarbituric acid reactive substances (TBARS) expressed as mg
Malonaldehyde/kg sample.
4. Statistical analysis
Data were represented the means of experiments. The means were compared using

Student T test (IBM SPSS statistics 23)
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Figure 3.4. Aerobic plate count in fresh halal and non-halal beef.
A data represent the mean values obtained from fresh halal and non-halal beef samples, and are

expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
significant differences in aerobic plate count were established by using independent measures t-

tests at a significance level of p<0.05.
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Psychrotrophic bacteria
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Figure 3.5 Psychrotrophic bacteria in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non- halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
significant differences in Psychrotrophic bacteria count were established by using independent
measures t-tests at a significance level of p<0.05.
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Figure 3.6 Pseudomonas in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
significant differences in Pseudomonas bacteria count were established by using independent
measures t-tests at a significance level of p<0.05.
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Staphylococcus aureus
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Figure 3.7. S. aureus bacteria in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
no significant differences in S. aureus bacteria count were established by using independent
measures t-tests at a significance level of p<0.05.
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Lactic acid bacteria
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Figure 3.8 Lactic acid bacteria in fresh halal and non-halal beef.
A data represent the mean values obtained from fresh halal and non-halal beef samples, and are

expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
significant differences in Lactic acid bacteria count were established by using independent

measures t-tests at a significance level of p<0.05.
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Enterobacteriaceae

Log,, Cfu/g

Non-Halal Halal

Figure 3.9 Enterobacteriaceae in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
significant differences in Enterobacteriaceae were established by using independent measures t-
tests at a significance level of p<0.05.
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E. coli
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Figure 3.10 E. coli in fresh halal and non-halal beef.
A data represent the mean values obtained from fresh halal and non-halal beef samples, and are

expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
no significant differences in Enterobacteriaceae were established by using independent

measures t-tests at a significance level of p<0.05.
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Figure 3.11.Total coliform in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
significant differences in total coliform were established by using independent measures t-tests
at a significance level of p<0.05.
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Figure 3.12. Fecal coliform in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
no significant differences in fecal coliform were established by using independent measures t-

tests at a significance level of p<0.05.
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Figure 3.13 Yeast and mold in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). As seen from the figure there is
no significant differences in yeast and mold were established by using independent measures t-
tests at a significance level of p<0.05.
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Figure 3.14 Lipid oxidation fresh halal and non-halal beef.
A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in mg of MDA/kg meat. As seen from the figure there is significant differences in lipid

oxidation were established by using independent measures t-tests at a significance level of
p<0.05.
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Figure 3.15. Heme iron in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in mg/100g meat. As seen from the figure there is significant differences in heme iron
were established by using independent measures t-tests at a significance level of p<0.05.
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Figure 3.16 pH in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef sample. As seen
from the figure there is no significant differences in pH were established by using independent
measures t-tests at a significance level of p<0.05.
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Figure 3.17 Thaw loss in fresh halal and non-halal beef.
A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in thaw loss%. As seen from the figure there is no significant differences in lipid

oxidation were established by using independent measures t-tests at a significance level of
p<0.05.
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Figure 3.18 Drip loss in fresh halal and non-halal beef.

A data represent the mean values obtained from fresh halal and non-halal beef samples, and are
expressed in drip loss%. As seen from the figure there is significant differences in drip loss were
established by using independent measures t-tests at a significance level of p<0.05.
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Results and discussion
1. Bacterial content in fresh halal and non-halal beef
a) Aerobic plate count

Aerobic plate counts are a widely accepted measure of the general degree of microbial
contamination and the hygienic conditions of processing plants (DAAHP).The aerobic plate count
in fresh halal and non-halal beef were shown in (Fig. 3.4). Fresh halal beef that was produced
without stunning resulted in significantly lower (P < 0.05) aerobic plate count than non-halal beef.
Comparatively, the aerobic plate count in halal and non-halal beef were 3.59, 4.19 respectively.
The lower microbial content in the halal beef could be attributed to the high blood loss because
of method of slaughter. Many researchers reported a correlation between meat quality and
blood. The more blood retained, the poorer the meat quality (Gregory, 2008; Strappini et al,
2009). The high nutritive value of blood and suitable temperature, pH, water activity and relative
humidity influence the degree of deterioration in meat (Lerner, 2009). De Oliveira Roca (2002)
showed that bleeding should be efficient to guarantee meat quality. In turn, this reduces the risk
of carcass contamination with blood, which serves as a perfect medium for bacteria growth
(RMAA, 2011). The level of aerobic plate count in halal and non-halal beef at week 0 was
acceptable as indicated by (Insausti et al. 2001) and (Jeremiah, 2001), that spoilage occurs when
the level of total viable count reach 7-8 log Cfu/g. These findings are in agreement with the
findings of (Addeen et al, 2014) and (Mustafa et al, 2014) in chicken who found that aerobic plate
count of broiler chicken was significantly higher in non-halal than halal meat.

In general, aerobic plat count in halal and non-halal beef was consistent with the results

obtained by (Hinton et al, 1998) in England, (McEvoya et al, 2004) and (Gill et al, 1998)where they
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found the mean of APC in beef ranged from log 2-45 to 4-29, log 2.8 — 4.30and log0.9- 4.9 Cfu
cm(2) respectively. And slightly higher than (Vanderlinde et al, 1998) in Australia where they
found the mean of the APC was log 3.13 CFU/cm?.
b) Psychrotrophic bacteria

Psychrotrophic bacteria have ability to grow at low temperatures but have optimal and
maximal growth temperatures above 15 and 20 °C, respectively (Moyer and Morita, 2007).
Bacteria developing on meat at chill temperatures are regarded as psychrotrophic. Some
psychrotrophic bacteria are gram-postive, such as lactic acid bacteria, and the other are gram-
negative bacteria, such as pseudomonas and Enterobacteriaceae (Gill and Newton, 1978).
Species of pseudomonas are especially responsible for the spoilage of meat stored at chill
temperatures (Jay et al, 2003). In this study, we compared between account of psychrotrophic
bacteria in fresh halal and non-halal beef as shown in (Fig. 3.5). Fresh halal beef that was
produced without stunning resulted in significantly lower (P < 0.05) psychrotrophic bacteria than
non-halal beef. The count of Psychrotrophic in fresh halal and non-halal beef were log 3.4, log
4.07 respectively. The development of organoleptic spoilage is related to microbial consumption
of meat nutrients, such as sugars and free amino acids and the release of undesired volatile
metabolites (Ercolini et al, 2009). In chill-stored meat these activities may be performed at low
temperatures by psychrotrophic bacteria, compromising the sole effect of temperature as
affecting preservation. This characteristic makes these microbes especially significant with
regard to meat spoilage and safety, given that the storage of meat at cold temperatures is a
routine practice during production, transportation, processing and post-purchase (Beales, 2004),

(Russel, 2002).
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c) Pseudomonas

Pseudomonas species were the dominant bacteria group on normal and high pH beef
(Erichsen and Molin, 1981) as well as in some cases, Pseudomonas can constitute up to 96% of
the population (Asensio et al, 1988). (Fig. 3.6) shows the count of pseudomonas bacteria in fresh
halal and non-halal beef. Fresh halal beef that was produced without stunning resulted in
significantly lower (P < 0.05) pseudomonas bacteria than non-halal beef. The count of
pseudomonas in fresh halal and non-halal beef were log 3.27, log 3.79 respectively. This may be
due to ability of pseudomonas bacteria to use glucose in the blood as substrate for microbial
growth (Warriss, 2001). Studies have shown that halal slaughter without stunning resulted in
significantly higher blood loss than non- halal slaughter with stunning ( Nakyinsige et al, 2014).
In general, pseudomonas bacteria count in beef that produced in both slaughters are in line with
the report of (Nel et al,2004) which indicated that count of pseudomonas in beef from the
deboning room was log 4.0 Cfu/g and (Goulas et al ,2005) which reported that Pseudomonas in
beef was Log 3.5 Cfu/g.

d) Staphylococcus aureus

Staphylococcus aureus produces a heat-stable toxin in foods and causes staphylococcal
food poisoning (SFP) by ingesting food that contains staphylococcal enterotoxin. Staphylococcal
food poisoning (SFP) is responsible for a third of the foodborne diseases worldwide (Normanno,
et al., 2007). The effect of slaughter methods on prevalence of S. aureus bacteria in beef were
shown in (Fig. 3.7). The count of S. aureus bacteria in halal and non-halal beef were log 2.81, log
2.79 respectively. There were no significant differences for S. aureus between fresh halal and

non-halal beef. S. aureus bacteria count in beef that produced in both slaughters in this study
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were less than the results that obtained by (Nela et al, 2004) which indicated that count of S.
aureus in beef from the deboning room was log 3.7 Cfu/g and higher than the results that
obtained by (Goulas et al, 2005) which reported that S. aureus in beef trimmings at United States
and Canada was log 1.0 Cfu/g.
e) Lactic acid bacteria
Lactic acid bacteria are produced lactic acid for of glucose fermentation and some species
have significant role in the spoilage of refrigerated raw meat (Labadie 1999). The spoilage
characteristics are slime formation, discolorations, sour flavor and off odor, (Schillinger &
Holzapfel 2006). Halal meat samples had significantly higher lactic acid bacteria count than non-
Halal meat (P < 0.05) as shown in (Fig.3.8). Lactic acid bacteria count in fresh halal and non-halal
beef were log 3.53, log 2.59 respectively. Lactic acid bacteria count in beef that produced in both
slaughters in this study were higher than the results that obtained by (Goulas et al, 2005) which
indicated that count of lactic acid bacteria in beef was log 2.2 Cfu/g, and less than the results that
obtained by (Katikou et al. (2005), Serdengecti et al, 2006) where they reported that count of
lactic acid bacteria of beef samples varied from log 4.72 to log 5.63 Cfu/cm2 with average of log
5.19. However, the levels of lactic acid bacteria for fresh beef samples in both slaughters were
acceptable as indicated by (Nortjé and Shaw, 1989), that spoilage occurs when the lactic acid
bacteria count reaches log 7 Cfu/g.
f) Enterobacteriaceae
Enterobacteriaceae bacteria are used glucose as substrate for growth and produce
some deleterious compound (Gill, 1986); Lambert et al., 1991). Some species such as H. alvei and

S. liquefaciens produce malodorous diamines as well as they cause a green discoloration when
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they grow in meat (Stanbridge & Davies, 1998).The Enterobacteriaceae count in fresh halal and
non-halal beef were shown in fig. 3.9. Fresh halal beef that was produced without stunning
resulted in significantly lower (P < 0.05) Enterobacteriaceae than non-halal beef. Comparatively,
the Enterobacteriaceae in halal and non-halal beef were log 3.03, log3.68 respectively. This may
be attributed to ability of Enterobacteriaceae bacteria to use glucose in the blood as substrate
for microbial growth (Warriss, 2001). Studies have shown that halal slaughter without stunning
resulted in significantly higher residual blood loss than non halal slaughter with stunning (K.
Nakyinsige et al., 2014). The levels of Enterobacteriaceae for fresh beef samples in both
slaughters were acceptable as indicated by Insausti et al. (2001) and Jeremiah (2001), that
spoilage occurs when the levels of Enterobacteriaceae count reach 7-8 log Cfu/g.
Enterobacteriacea count in beef that produced in both slaughters in this study within the range
that obtained by (McEvoya et al, 2004 who found that Enterobacteriaceae counts on beef
carcasses after different stages of processing ranged ( log 1.48-4.25 ), however, less than those
that obtained by (Nel et al,2004) who reported that count of Enterobacteriaceae in meat from
the deboning room was Log 5.6.
g) E.coli
The effect of slaughter methods on prevalence of E. coli bacteria in beef was
shown in (Fig 3.10). The count of E. coli bacteria in halal and non-halal beef were log 2.81,
log 2.79 respectively. There were no significant differences for E. coli between fresh halal
and non-halal beef. This could be due to apply the same procedures to control these
bacteria during handling the meat as well as following the hygiene practice by workers.

E. coli bacteria count in beef that produced in both slaughters in this study were less than
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the results that obtained by (Nela et al, 2004) which indicated that count of E. coli in beef

from the deboning room was log 3.6 Cfu/g and higher than the results that obtained by

(Scanga et al,2000) which reported that E. coli in beef trimmings at United States and

Canada was log 1.2 Cfu/g, and within the range that obtained by (Eisel et al, 1997) who

found that E. coli counts on beef carcasses after different stages of processing ranged log

1.0-3.21 Cfu/g

h) Total coliform

Total coliform in fresh halal and non-halal beef were shown in (Fig.3.11). Fresh halal beef
that was produced without stunning resulted in significantly lower (P < 0.05) coliform than non-
halal beef. Comparatively, the coliform in halal and non-halal beef were log 2.7, log 3.38
respectively. These findings are in agreement with the findings of (Mustafa et al, 2014) in chicken
who found that coliform count of broiler chicken was significantly higher in non-halal than halal
meat. Coliform count in beef that produced in this study were higher than the results that
obtained by (Stopforth et al, 2006) which indicated that count of coliform bacteria in beef was
ranged from log 1.1 to 1.8 Cfu/g, and within range that obtained by (McEvoya et al, 2004) which
reported that total coliform count from sites on beef carcasses after different stages of
processing were ranged from log 1.81-4.93.

i) Fecal coliform

In this study also we evaluated the effect of slaughter method on prevalence of fecal
coliform in beef. (Fig. 3.12) shows the count of fecal coliform bacteria in fresh halal and non-
halal beef. Fecal coliform in halal and non-halal beef were log 2.01, log 2.88 respectively. There

were no significant differences for fecal coliform between fresh halal and non-halal beef. This
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could be due to apply the same procedures to control these bacteria during handling the meat
as well as following the hygiene practice by workers.
j) Yeast and mold
The effect of slaughter methods on prevalence of yeast and mold in beef was shown in
(Fig. 3.13). The count of yeast and mold in halal and non-halal beef were log 2.87, log 2.92
respectively. There were no significant differences for yeast and mold between fresh halal and
non-halal beef. This could be due to apply the same procedures in environment of slaughter such
as ventilation where spores of yeast and mold can be spread through the air.
K) L. monocytogenes and Salmonella
The results of present study indicated that we did not detect salmonella and L.
monocytogenes bacteria in halal and non-halal beef samples. Paul et al, 1998 reported that a
small percentage (0.59%) of Australian beef carcasses were found positive for L. monocytogenes,
0.22% were positive for Salmonella spp.
2. Physiochemical analyses
a) Lipid oxidation
Lipid oxidation is one of the major causes of quality deterioration in raw and cooked meat
products during refrigeration and storage (Raharjo and Sofos, 1993). Lipid oxidation is
measured as malondialdehyde which is formed by oxidation of polyunsaturated fatty acids
with two or more double bonds. MDA-induced DNA damage is mutagenic in bacterial,
mammalian, and human cells (Nadia et al, 2011). The effect of slaughter methods on lipid
oxidation in beef was shown in (Fig. 3.14). The lipid oxidation in halal and non-halal beef

were 0.73, 0.22 mg/MDA respectively. There were significant differences for lipid oxidation
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between fresh halal and non-halal beef. This could be due to halal slaughter without stunning
resulted in significant lower residual hemoglobin than non-halal slaughter with stunning
(Nakyinsige et al, 2014); (Griffiths et al, 1985). Residual blood left in the carcass because of
improper bleeding may decrease the shelf life and hence the quality of the meat product
because hemoglobin which is an important component of blood is a powerful promoter of
lipid oxidation (Alvarado et al., 2007). Blood also contains a large number of white blood cells
that produce hydroxyl radicals, superoxides, and hydrogen peroxide that enhance lipid
oxidation (Gabig & Babior, 1981). These values were consistent with the results for heme
iron in this study where were (4.72), (5.82) mg for halal and non-halal beef respectively.
Transition metal ions, primarily Fe serve as key catalysts for lipid oxidation in muscle (Kanner,
1994).
b) Heme iron
Heme iron content in fresh halal and non-halal beef were shown in Figure (3.15). Fresh
halal beef that was produced without stunning resulted in significantly lower (P < 0.05) heme iron
than non-halal beef. Comparatively, heme iron in halal and non-halal beef were (4.72), (5.82)
respectively. This could be due to halal slaughter without stunning resulted in significant lower
residual hemoglobin than non-halal slaughter with stunning (Nakyinsige et al, 2014); (Griffiths et
al, 1985). These values were consistent with the results for lipid oxidation and some of
microbiological analyses such as aerobic plate count, psychrotrophic bacteria, pseudomonas,
lactic acid bacteria , coliform and Enterobacteriaceae. Hemoglobin which is an important
component of blood is a powerful promoter of lipid oxidation and growth of microorganisms

(Alvarado et al, 2007).
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Red meat and processed meat intake is associated with a risk of colorectal cancer, a major
cause of death in affluent countries. Epidemiological and experimental evidence supports the
hypothesis that heme iron present in meat promotes colorectal cancer. This meta-analysis of
prospective cohort studies of colon cancer reporting heme intake included 566,607 individuals
and 4,734 cases of colon cancer (Nadia et al, 2011). Therefore, halal slaughter could lower heme
iron and hence improve the quality of meat and avoid health problems such as colorectal cancer.
c)PH

The effect of slaughter methods on pH in beef were shown in (Fig. 3.16). The pH of halal
and non-halal beef were 5.94 and 6.12 respectively. There were no significant differences for pH
between fresh halal and non-halal beef. This could be due to use same treatment with animals
before slaughtering.

d) Thaw loss

The effect of slaughter methods on thaw loss in beef was shown in (Fig. 3.17). The thaw
loss in halal and non-halal beef were (1.06), (1.14) respectively. There were no significant
differences for thaw loss between fresh halal and non-halal beef.

e) Drip loss

Drip loss in fresh halal and non-halal beef were shown in (Fig. 3.18). Fresh halal beef that
was produced without stunning resulted in significantly lower (P < 0.05) drip loss than non-halal
beef. Comparatively, the drip loss in halal and non-halal beef was (0.22), (0.73) respectively.
These findings are in agreement with the findings of (D’Agata et al, 2010) who found that meat
from beef slaughtered by conventional method (non-halal) showed significantly higher drip loss

than those from halal method.
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CHAPTER 4: EFFECT OF MEAT PRODUCTION METHOD ON SHELF LIFE OF MEAT DURING
REFRIGERATED STORAGE

Abstract

Storage of meat is critical because during storage even with proper refrigeration, the
meat ultimately undergoes deteriorative changes including microbial spoilage, oxidative
changes. There are different types of meat based on the method of animal slaughter and
processing. Halal meat is produced without stunning prior to slaughter, resulting in a rapid and
complete bleeding of animals. The aim of this research is to determine the effect of type of
slaughter (halal and non- halal) on microbiological, physiochemical characteristics and shelf life
of beef during storage. Microbiological analyses of beef samples during storage showed that
halal beef had significantly lower (P <0.05) microbial count than non-halal meat. This includes
APC (aerobic plate count), psychrotrophic bacteria, S. aureus, pseudomonas, lactic acid bacteria,
and Enterobacteriaceae. However, no significance differences were observed for yeast and mold,
E. coli, total coliform and fecal coliform. Physiochemical analyses showed that quality indicators
for meat such as lipid oxidation, drip loss, and heme iron content were significantly lower
(P <0.05) in halal meat than non-halal meat. However, no significant differences were observed
for thaw loss and pH. Results from this research indicate that slaughter method significantly
affects the meat quality during storage. We show that halal meat processing may be
advantageous in reducing bacterial colonization, increasing the usable shelf life, and improving
the quality of the meat.
Introduction

Storage of meat is critical because it is highly perishable food since it contains sufficient

nutrient needed to support the growth of microorganisms. The growth of spoilage bacteria
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reduces shelf-life of meat and the annual economic loss from spoilage of fresh meat and meat
products in the United States is estimated at approximately 5 billion dollars (Ray et al. 1992). In
addition, high initial bacterial loads in fresh meat indicate lower standards of slaughter and plant
hygiene. Despite proper refrigeration, meat ultimately undergoes deteriorative changes upon
long-term storage (Urbain and Campbell, 1987). Some of meat spoilage symptoms from growth
of microorganisms to unacceptable levels while the other due to the chemical changes such as
physical damage, lipid oxidation and color change. The different microbial groups that will
potentially contribute to meat spoilage depend on the storage conditions applied and their
competition. The development of such microbial association is reported to significantly affect
the type of spoilage (Agapi et al, 2012). Many researchers reported a correlation between meat
quality and blood. The more blood retained, the poorer the meat quality (Gregory, 2008);
(Strappini et al, 2009). The shelf-life of meat depends on the numbers and types of
microorganisms mainly bacteria, initially present and their subsequent growth as well as residual
blood left in the meat. Decreasing the initial numbers of the bacteria which grow during storage
to form the spoilage flora will extend the time required before they reach numbers sufficient to
cause spoilage (Gill,1996).There are different types of meat based on the method of animal
slaughter and processing. Halal meat is produced without stunning prior to slaughter, resulting
in a rapid and complete bleeding of animals (Eliasi and Dwyer, 2002); (Grandin and Regenstein,
1994). Residual blood left in the carcass as a result of improper bleeding may decrease the shelf
life and hence the quality of the meat product because hemoglobin which is an important
component of blood is a powerful promoter of lipid oxidation and growth of microorganisms

(Alvarado et al, 2007). Studies have shown that halal slaughter results in significantly lower
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residual hemoglobin than conventional slaughter with stunning (non-halal) (Nakyinsige et al,
2014). Therefore, choosing the proper meat processing may be increasing the usable shelf life
and improve the quality of meat during storage.

This chapter was aimed to determine the effect of meat production method (halal and non-halal)
on shelf life, microbiological and physiochemical quality indicators of beef during refrigerated
storage for three weeks.

Shelf life of meat

Shelf life is the period between packaging of the product and its use that the product
properties remain acceptable to the product user, with shelf life properties being appearance,
texture, flavor, color, and nutritive value (Singh & Singh, 2005).The point of spoilage may be
defined by a certain maximum acceptable bacterial level, or an unacceptable off-odor or
appearance. The shelf-life depends on the numbers and types of microorganisms, mainly
bacteria, initially present and their subsequent growth (Elisabeth et al,1996).The shelf life of fresh
beef is highly depended on many factors such as pH, water activity, microbial contamination
including pathogens, lipid oxidation and color changes which if they controlled, potential shelf
life can be achieved (McMillin, 2008).

Even with proper refrigeration, the meat ultimately undergoes deteriorative changes
including microbial spoilage, oxidative changes in pigments and lipids, and weight loss (Urbain
and Campbell, 1987). The shelf life of fresh meats (non-vacuum) is therefore, approximately 14
days (Huffman, 1974), with only 3-6 days retail life (Bartkowski et al., 1982). The number of
bacteria and the composition of the microflora will determine the shelf-life of the product

(Gustavsson and Borch, 1993). As storage time continues, the number of bacteria increases and
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the nature of the dominant bacteria is determined by storage temperature. On meat stored at
20°C, Pseudomonas species still dominated the microflora but when the temperature was
increased to 30°C Acinetobacter and Enterobacteriaceae dominated the microflora (Gill and
Newton, 1980). Decreasing the initial numbers of the bacteria which grow during storage to form
the spoilage flora will extend the time required before they reach numbers sufficient to cause
spoilage and, as growth is exponential, that exponential decreases are required for incremental
increases in the storage life (Gill, 1996).The rate of spoilage varies according to the species of
microflora present, the characteristics of the meat, processing methods, product
composition, and the environment in which the meat is stored (Ellis et al., 2002); (Nychas et al.,
2008).Most spoilage bacteria found in meat are saprophytic Gram-negative and include aerobic
and facultative anaerobic psychrotrophic strains (Pseudomonas and related genera), while Gram-
positive (LAB, Micrococcus) can also be found in high numbers (Samelis, 2006). However, few
species dominated spoilage.
Spoilage of meat

Food spoilage usually refers to the deterioration of quality in food products due to the
growth of contaminating microorganisms, although non-microbial activity, such as the activity of
endogenous enzymes, can also contribute to food spoilage. The main defects of spoilage are
sensory changes, such as off-odors and off-flavors, slime production, texture change,
discoloration and gas production. Food spoilage processes determine the shelf life of food
products, as the products can only be stored until a maximum unacceptable level of off-odor/off-

flavors develop (Borch et al., 1996).
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The spoilage process is complicated as it involves many bacteria species and during the
development of a microbial population there is a succession process occurring (Ingram, 1962).
Deteriorative changes during meat storage are affected by metabolic reactions from biological
membrane disruption (Stanley, 1991) and biochemical oxidative processes (Xiong & Decker,
1995). Deterioration of quality may include discoloration, off-flavor and off-odor development,
nutrient loss, texture changes, pathogenicity, and progression of spoilage factors (Skibsted et al.,
1994). Despite the heterogeneity of the initial contaminating microbial flora, aerobic refrigerated
meat storage selects Pseudomonas spp., particularly P. fluorescens, P. putida and P. fragi, as the
dominant spoilage flora in proteinaceous raw foods (Ternstrom et al., 1993). Pseudomonas fragi
is recognized as one of the principal agents of meat spoilage (Labadie, 1999) and very frequently
isolated from fresh and spoiled meat products (Ercolini et al.,, 2007); (Ercolini et al., 2009).
Holzapfel, 1998, reported that a shift of the microbial populations has been observed under
different storage temperatures. Psychrotrophic bacteria which belong to microbial genera of
both Gram positive, such as LAB, and Gram negative bacteria, such as Pseudomonas spp.
and Enterobacteriaceae could be developing in meat at chill temperatures. It is generally agreed
that spoilage defects in meat become evident when the surface spoilage bacteria reach
approximately 7 log CFU/cm2 (Ingram and Simonsen, 1980); (ICMSF, 1998). Off-odors are first
detected during aerobic spoilage when populations reach approximately7 log CFU/cm2 and
muscle tissue surface becomes sticky at 8 log CFU/cm2 which is indicative of early slime
formation (Ingram and Dainty, 1971).

Spoilage of chilled fresh meats can also be caused by breakdown of proteins during

bacterial growth. Psychrotrophic Pseudomonas spp. cause protein degradation (Young et al.,
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1988), and evolution of ammonia by de-amination of amino acids under aerobic conditions
(Gardner, 1985). Certain Enterobacteriaceae are also capable of decarboxylating amino acids
and produce putrid odors (Gill and Harrison, 1988). Discoloration of meat can also be due to the
growth of hydrogen sulfide-producing bacteria. Hydrogen sulfide reacts with myoglobin to form
sulfmyoglobin and choleglobin which cause surface greening (Fernandez and Pierson, 1985).

Halal meat is produced without stunning prior to slaughter, resulting in a rapid and
complete bleeding of animals (Eliasi and Dwyer, 2002); (Grandin and Regenstein, 1994). As
improved bleeding can improve the quality of the meat during storage (Ali et al., 2007).This
approach may improve the quality of fresh and extend the shelf life of meat during storage.
Materials and methods

1. Sample collection:

Meat samples were collected from different slaughter houses in Michigan. The collected
samples were immediately transport in insulated ice containers to the laboratory for
microbiological and physiochemical analyses.

2. Microbiological analysis

Samples (25 g) of beef were weighted aseptically, added to (225mL) of 0.1% sterilized
peptone water and homogenized in a stomacher for 60 s at room temperature. Decimal dilutions
in 0.1% sterilized peptone water were prepared and duplicate 1mL samples of appropriate
dilutions were poured on Petri dish then added the specific media for each type of bacteria for
the following tests (APHA, 1992):-

a) Aerobic plate Count
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Pouring method was carried out according to APHA (1992)where 1 ml of the selected
dilutions were added onto duplicate sterile Petri dish plates then added plate count agar ( Sigma-
Aldrich) and incubate at 35°C for 48 hr. Colonies between “25-250"” were counted and the total
aerobic colony counts were then expressed as log CFU/ gram.

b) Psychrotrophic bacteria
Psychrotrophic bacteria determination were carried out plate count agar (Sigma-Aldrich) and
then incubated at 7°C for 7 days.

c) Staphylococcus aureus
Baird-Parker agar plates (Merk, Germany) were incubated for 48h at 35°C. Typical S. aureus
colonies (Black colonies with white margins surrounded by clear zones) were counted.

d) Total coliform and fecal coliform bacteria
Violet red bile lactose agar (Sigma-Aldrich) was poured into 1ml of inoculum. The plates were
then incubated at 35°C for count of total coliforms and at 44°C for count of fecal coliforms for 48
h. All typical colonies (red colonies) were counted.

e) Total yeast and mold
Total yeast and mold were counted on Potato dextrose agar(Sigma-Aldrich) , acidified with
tartaric acid to pH 3.5 and incubated at 25°C for 5 d. Yellowish-white colonies were identified as
yeasts, whereas mold growth were recognized by its mycelial appearance.

f) Lactic acid bacteria
Lactic Acid Bacteria (LAB) counts were determined using the double-layer deMan Rogosa Sharpe
(MRS) agar (Sigma-Aldrich) and then incubated at 30°C for 72 h.

g) Enterobacteriaceae
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Violet Red Bile Glucose agar (VRBG) (Oxoid, Basingstoke, UK) were used for the enumeration of
Enterobacteriaceae, overlaid with the same medium and then incubated at 37 °C for 24 h.

h) Escherichia coli
Escherichia coli bacteria were enumerated using Eosin Methylene Blue (EMB) agar (Sigma-
Aldrich) and then incubated at (37°C for 24h). Colonies of E. coli on EMB agar were round with a
typical metallic sheen.

i) Pseudomonas spp.
Pseudomonas spp. were determined on pseudomonas agar base (Oxoid, Basingstoke,UK)
supplemented with Pseudomonas CFC supplement (Oxoid, Basingstoke,UK) and then incubated
at 25°Cfor 48 h.

3. Physiochemical analysis

a) pH measurement

The pH of meat samples were measured according to (Naveena and Mendiratta, 2001)

meat samples (10 gram) were homogenized with 50 ml of distilled water then filtered through
whatman No.1 filter paper. The pH of filtrate samples were measured using digital pH meter
(WtW 2f40-11420D.Germany) calibrated at pH 4.0and 7.0 equipped with a pH electrode.

b) Thaw loss Percentage

Thaw loss was calculated as [weight of sample before freezing minus sample weight after
thawing] x 100/ sample weight before freezing.

c) Driploss
Drip loss was calculated as [sample weight minus sample weight after 24 hours refrigeration] x

100/ sample weight.
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d) Determination of Heme iron content
Heme iron content of meat was determined according to the method of Cheng &
Ockerman (2004). Ground sample (2g) was mixed with 9ml of acid acetone (90% acetone, 8%
deionized water and 2% HCI v/v/v). The mixture was mashed with a glass rod and allowed to
stand for 1h at room temperature. The mixture was filtered with a Whatman No. 42 filter paper
and the absorbance of the filtrate was read at 640nm against an acid acetone used as blank.
Heme iron content was calculated as follows;
Heme iron content (ppm) = Total pigment (ppm) X 0.0822
Where total heme pigment (ppm) = A640 X 680
The heme iron content was expressed as mg/100g of wet sample.
e) Lipid oxidation measurement
Thiobarbituric acid reactive substances (TBARS) were determinate according to the
method of Schmedes and Holmer (1989). Ground meat samples (10 g) were mixed with 25 ml of
trichloroacetic acid (TCA) solution (200 g/l of TCA in 135 ml/l phosphoric acid solution) and
homogenized in a blender for 30 s. After filtration, 2 ml of the filtrate were mixed with equal
amount of aqueous solution of TBA (3 g/l) in a test tube. The tubes were incubated at room
temperature in the dark for 20 h; then the absorbance was measured at 532 nm using UV-vis
spectrophotometer (model UV-1200, Shimadzu, Kyoto, Japan). Lipid oxidation was expressed as
thiobarbituric acid reactive substances (TBARS) expressed as mg Malonaldehyde/kg sample.
4. Statistical analysis
Data were represented the means of experiments. The means were compared using

student T test (IBM SPSS statistics 23).



173

Aerobic Plate Count

? * | —
8 1 =
* T
7 . 1 i
6 | l
]
z .
o 4
23
Qo
S2
1
0
Week 0 Week 1 Week 2 Week 3

ONon-Halal ®Halal

Figure 4.1 Aerobic plate count in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). Significant differences in aerobic
plate count during refrigerated storage were established by using independent measures t-tests
at a significance level of p<0.05.
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Figure 4.2 Psychrotrophic bacteria in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). Significant differences in
psychrotrophic bacteria during refrigerated storage for three weeks were established by using
independent measures t-tests at a significance level of p<0.05.
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Figure 4.3 E. coli bacteria in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). No Significant differences in E.
coli bacteria during refrigerated storage for three weeks were established by using independent
measures t-tests at a significance level of p<0.05.
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Figure 4.4 S. aureus in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). Significant differences in S.
aureus bacteria during refrigerated storage for three weeks were established by using
independent measures t-tests at a significance level of p<0.05.
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Figure 4.5 Pseudomonas bacteria in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). Significant differences in
pseudomonas bacteria during refrigerated storage for three weeks were established by using
independent measures t-tests at a significance level of p<0.05.
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Figure 4.6 Total coliform in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). No Significant differences in total
coliform bacteria during refrigerated storage for three weeks were established by using
independent measures t-tests at a significance level of p<0.05.
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Figure 4.7 Lactic acid bacteria in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). Significant differences in Lactic
acid bacteria during refrigerated storage for three weeks were established by using independent
measures t-tests at a significance level of p<0.05.
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Figure 4.8 Enterobacteriaceae bacteria in halal and non-halal beef during refrigerated storage.
A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). Significant differences in
Enterobacteriaceae bacteria during refrigerated storage for three weeks were established by
using independent measures t-tests at a significance level of p<0.05.
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Figure 4.9 Fecal coliform bacteria in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). No Significant differences in fecal
coliform bacteria during refrigerated storage for three weeks were established by using
independent measures t-tests at a significance level of p<0.05.
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Figure 4.10 Yeast and mold in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in logarithmic colony forming unit per gram (CFU/g). No Significant differences in yeast
and mold during refrigerated storage for three weeks were established by using independent
measures t-tests at a significance level of p<0.05.
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Figure 4.11 Lipid oxidation in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in (mg of MDA/kg meat). Significant differences in lipid oxidation during refrigerated
storage for three weeks were established by using independent measures t-tests at a significance
level of p<0.05.
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Figure 4.12 Heme iron in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in (mg/100g) meat. Significant differences in heme iron content during refrigerated
storage for three weeks were established by using independent measures t-tests at a significance
level of p<0.05.
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Figure 4.13 pH in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples. No significant
differences in pH during refrigerated storage for three weeks were established by using
independent measures t-tests at a significance level of p<0.05.
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Figure 4.14 Thaw loss in halal and non-halal beef during refrigerated storage.
A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in (Thaw loss). No Significant differences in thaw loss during refrigerated storage for

three weeks were established by using independent measures t-tests at a significance level of
p<0.05.
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Figure 4.15 Drip loss in halal and non-halal beef during refrigerated storage.

A data represent the mean values obtained from halal and non-halal beef samples, and are
expressed in (drip loss). Significant differences in drip loss during refrigerated storage for the
first two weeks but there was no significant difference for third week were established by using
independent measures t-tests at a significance level of p<0.05.
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Results and discussion
1. Bacterial content in halal and non-halal beef during refrigerated storage
a) Aerobic plate count

Aerobic plate counts are a widely accepted measure of the general degree of microbial
contamination and the hygienic conditions of processing plants (DAAHP).The aerobic plate count
in halal and non-halal beef during refrigerated storage for three weeks were shown in Figure
(4.1). The aerobic plate count in halal and non-halal beef were for first, second and third week
were (5.46, 6.41), (6.35, 7.48), (6.70, 8.10) respectively. Halal beef that was produced without
stunning resulted in significantly lower (P < 0.05) aerobic plate count than non-halal beef during
refrigerated storage three weeks. The lower aerobic plate count in the Halal beef could be
attributed to the high blood loss because of method of slaughter. Many researchers reported a
correlation between meat quality and blood. The more blood retained, the poorer the meat
quality (Gregory, 2008); (Strappini, et al, 2009). Aerobic plate count in both halal and non-halal
were increased during refrigerated storage at all three weeks. This may be attributed to high
nutritive value of blood, suitable temperature, pH, and water activity of meat and relative
humidity influence the degree of deterioration in meat (Lerner, 2009). The level of aerobic plate
count in halal beef at week 3 was acceptable as indicated by (Insausti et al., 2001) and (Jeremiah,
2001), that spoilage occurs when the level of total viable count reach 7-8 log Cfu/g. Therefore,
choosing the proper meat processing may be increasing the usable shelf life and improve the
quality of meat during storage. These findings are in agreement with the findings of (Addeen et
al., 2014) and (Mustafa et al, 2014) in chicken who found that APC of broiler chicken was

significantly higher in non-halal than halal meat during storage.
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b) Psychrotrophic bacteria

Psychrotrophic bacteria have ability to grow at low temperatures but have optimal
and maximal growth temperatures above 15 and 20 °C, respectively (Moyer and Morita,
2007). Bacteria developing on meat at chill temperatures are regarded as psychrotrophic.
Some psychrotrophic bacteria are gram-positive such as lactic acid bacteria, and the other
are gram-negative bacteria, such as Pseudomonas spp. and Enterobacteriaceae (Gill and
Newton, 1978). Species of Pseudomonas are especially responsible for the spoilage of
meat stored at chill temperatures (Jay et al, 2003). The psychrotrophic bacteria in halal
and non-halal beef during refrigerated storage for three weeks were shown in Figure
(4.2). Non-Halal beef was significantly higher (P < 0.05) psychrotrophic bacteria than halal
beef during refrigerated storage for three weeks. The higher psychrotrophic bacteria in
non-halal beef could be attributed to the low blood loss because of method of slaughter
where in some cases, Pseudomonas can constitute up to 96% of the population (Asensio
et al, 1988). Pseudomonas has ability to use glucose in the blood as substrate for
microbial growth (Warriss, 2001). Also, as storage time increases, the psychrotrophic
count also increased for both slaughter methods. This showed preference of bacteria to
grow at low temperature. The increase in the psychrotrophic count for both methods of
slaughter may be due to a shift of the microbial populations during storage period. A shift
of the microbial populations has been observed under different storage temperatures.
Psychrotrophic bacteria which belong to microbial genera of both gram-postive, such as
LAB, and gram-negative bacteria, such as Pseudomonas spp.

and Enterobacteriaceae could be developing in meat at chill temperatures (Gill and
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Newton, 1978) and (Holzapfel, 1998). More accurately, species of Pseudomonas are

particularly involved in the spoilage of meat stored at chill temperatures (Ercolini et al.,

2007).

c) E. coli

The effect of slaughter methods on prevalence of E. coli bacteria in beef during
refrigerated storage were shown in Figure (4.3). There were no significant differences in E. coli
between halal and non-halal beef during refrigerated storage for all three weeks. This could be
due to apply the same procedures in both slaughters to control this bacteria during handling the
meat as well as following the hygiene practice by workers. The count of E. coli bacteria in halal
and non-halal beef for first, second and third week were (3.48, 3.73), (4.50, 4.70), (5.16, 5.27)
respectively. As storage time increases, the E. coli count also increased for both slaughter
methods for three weeks. This may be due to content of meat of sufficient nutrient needed to
support the growth of microorganisms (Magnus, 1981).

d) Staphylococcus aureus

Staphylococcus aureus produces a heat-stable toxin in foods and causes staphylococcal
food poisoning (SFP) by ingesting food that contains staphylococcal enterotoxin. Staphylococcal
food poisoning (SFP) is responsible for a third of the foodborne diseases worldwide (Normanno,
et al., 2007). Figure (4.4) shows the effect of slaughter methods on prevalence of S. aureus
bacteria in beef during refrigerated storage for three weeks. The S. aureus in halal and non-halal
beef for first, second and third week were (3.46, 4.40), (4.57, 5.38), (5.23, 6.52) respectively. At
week 0, S. aureus was not significantly different for the two slaughter methods. However, at

weeks 1, 2, and 3 of refrigerated storage, halal beef had lower (p <0.05) growth of S. aureus than
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non-halal beef. In general, increased growth of S. aureus with storage time was observed in meat
samples from both slaughters. This increase in count was due to slow adaptation for growth
by S. aureus at lower temperature (Kneepan et al, 2013). Results from present study were
agreement with (Nakyinsige et al, 2014) who observed that lower amount of residual blood in
the carcass of rabbits subjected to halal slaughter caused lower bacteria count. In chicken, (Ali
et al, 2011) also reported that higher blood loss in halal slaughter was associated with lower
bacteria count in minced meat at 48 h postmortem. Therefore, choosing the proper meat
processing such as halal beef may be increasing the usable shelf life and improve the quality of
meat during storage.
e) Pseudomonas

Pseudomonas species were the dominant bacteria group on normal and high pH beef
(Erichsen and Molin, 1981) as well as in some cases, Pseudomonas can constitute up to 96% of
the population (Asensio et al, 1988). Figure (4.5) shows the count of pseudomonas bacteria in
halal and non-halal beef during refrigerated storage for three weeks. Halal beef had significantly
lower (P < 0.05) pseudomonas bacteria than non-halal beef during refrigerated storage at all
three weeks. This may be attributed to high amount of blood in non-halal beef and ability of
pseudomonas bacteria to use glucose in the blood as substrate for microbial growth (Warriss,
2001). The pseudomonas bacteria in halal and non-halal beef were for first, second and third
week were (6.17, 6.76), (7.32, 8.04), (7.48, 8.21) respectively. Like aerobic plat count and
psychrotrophic, as storage time increases, the pseudomonas count also increased for both
slaughter methods for three weeks. This may be due to content of meat of sufficient nutrient

needed to support the growth of microorganisms (Magnus, 1981). Species of Pseudomonas are
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particularly involved in the spoilage of meat stored at chill temperatures (Ercolini et al., 2007).
Therefore, choosing the proper meat processing may be increasing the usable shelf life and
improve the quality of meat during storage.
f) Total coliform

Total coliform in halal and non-halal beef during refrigerated storage for three weeks
were shown in Figure (4.6).Total coliform in halal and non-halal beef for first, second and third
week were (4.66, 4.52),(6.30, 6.04), (6.61, 6.54) respectively. Halal beef that was produced
without stunning resulted in significantly lower (P < 0.05) coliform than non-halal beef during
refrigerated storage for three weeks. The lower total count in the halal beef could be attributed
to the high blood loss because of method of slaughter. Many researchers reported a correlation
between meat quality and blood. The more blood retained, the poorer the meat quality
(Gregory, 2008); (Strappini et al, 2009). Total coliform in both halal and non-halal were increased
during refrigerated storage for all three weeks. This may be due to content of meat of sufficient
nutrient needed to support the growth of microorganisms (Magnus, 1981).

g) Lactic acid bacteria

Lactic acid bacteria are produced lactic acid because of glucose fermentation and some
species have significant role in the spoilage of refrigerated raw meat (Labadie 1999). The spoilage
characteristics are slime formation, discolorations, sour flavor and off odor, (Schillinger
&Holzapfel, 2006). Lactic acid bacteria in halal and non-halal beef during refrigerated storage for
three weeks were shown in Figure (4.7). At week 0, halal beef was significantly higher (P < 0.05)
growth of lactic acid bacteria. However, at weeks 1, 2, and 3 of refrigerated storage, halal beef

had lower (p < 0.05) growth of lactic acid than non-halal beef. The lower lactic acid bacteria in
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the halal beef could be attributed to the high blood loss as a result of method of slaughter. Many
researchers reported a correlation between meat quality and blood. The more blood retained,
the poorer the meat quality (Gregory, 2008); (Strappini, Metz et al, 2009). In general, increased
growth of lactic acid bacteria with storage for three weeks was observed in meat samples from
both slaughters. This may be attributed to high nutritive value of blood, suitable temperature,
pH, and water activity of meat and relative humidity influence the degree of deterioration in
meat (Lerner, 2009). Increase growth of lactic acid bacteria can explain pH decrease during
storage period. The level of lactic acid bacteria in halal and non-halal beef at all three weeks was
acceptable as indicated by (Insausti et al. 2001) and Jeremiah (2001), that spoilage occurs when
the level of lactic acid bacteria reach 7 log Cfu/g.
h) Enterobacteriaceae

Enterobacteriaceae bacteria are used glucose as substrate for growth and produce
some deleterious compound (Gill, 1986), (Lambert et al., 1991). Some species such as H. alvei
and S. liquefaciens produce malodorous diamines and cause a green discoloration when they
grow in meat (Stanbridge & Davies, 1998). Enterobacteriaceae bacteria in halal and non-halal
beef during refrigerated storage for three weeks were shown in Figure (4.8). Non-halal beef that
was resulted in significantly higher (P < 0.05) Enterobacteriaceae bacteria than halal beef during
refrigerated storage for all three weeks. The Enterobacteriaceae bacteria in halal and non-halal
beef for first, second and third week were (4.31, 5.40), (4.82, 5.84), (6.10, 6.69) respectively. The
higher Enterobacteriaceae in the non-halal beef could be attributed to high amount of blood in
non-halal beef and ability of Enterobacteriaceae bacteria to use glucose in the blood as substrate

for microbial growth (Warriss, 2001). Many researchers reported a correlation between meat
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quality and blood. The more blood retained, the poorer the meat quality (Gregory, 2008);
(Strappini et al, 2009). Enterobacteriaceae bacteria in both halal and non-halal were increased
during refrigerated storage at all weeks. This may be attributed to content of meat of sufficient
nutrient needed to support the growth of microorganisms (Magnus, 1981). The level of
Enterobacteriaceae bacteria in halal and non-halal beef at all three weeks was acceptable as
indicated by (Insausti et al., 2001) and (Jeremiah, 2001), that spoilage occurs when the level of
total viable count reach 7-8 log Cfu/g. Therefore, choosing the proper meat processing may be
increasing the usable shelf life and improve the quality of meat during storage.
i) Fecal coliform

In this study also we evaluated the effect of slaughter method on prevalence of fecal
coliform in beef. Figure (4.9) shows the count of fecal coliform bacteria in halal and non-halal
beef during refrigerated storage for three weeks. There were no significant differences for fecal
coliform between halal and non-halal beef during storage period. This could be due to apply the
same procedures to control this bacteria during handling the meat as well as following the
hygiene practice by workers (Grohs et al, 2000).

j) Yeast and mold

The effect of slaughter methods on prevalence of yeast and mold in beef during
refrigerated storage for three weeks was shown in fig. (4.10). There were no significant
differences in yeast and mold between halal and non-halal beef during refrigerated storage for
all three weeks. This may be due to apply the same procedures in environment of slaughter such

as ventilation where spores of yeast and mold can be spread through the air. Also, as storage
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time increases, the yeast and mold count also increased for both slaughter methods during
storage for three weeks.
2- Physiochemical analysis
a) Lipid oxidation

Lipid oxidation is one of the major causes of quality deterioration in raw and cooked meat
products during refrigeration and storage (Raharjo and Sofos, 1993). Lipid oxidation is measured
as malondialdehyde (MDA) which is formed by oxidation of polyunsaturated fatty acids with 2 or
more double bonds. MDA-induced DNA damage is mutagenic in bacterial, mammalian, and
human cells (Nadia et al, 2011). The effect of slaughter methods on lipid oxidation in beef was
shown in fig. (4.11). Halal beef that was produced without stunning resulted in significantly lower
(P < 0.05) lipid oxidation than non-halal beef during refrigerated storage for three weeks. This
could be due to halal slaughter without stunning resulted in significant lower residual hemoglobin
than non-halal slaughter with stunning (Nakyinsige et al, 2014); (Griffiths et al, 1985). Residual
blood left in the carcass because of improper bleeding may decrease the shelf life and hence the
quality of the meat product because hemoglobin which is an important component of blood is a
powerful promoter of lipid oxidation (Alvarado et al, 2007). Also, Blood also contains a large
number of white blood cells that produce hydroxyl radicals, superoxides, and hydrogen peroxide
that enhance lipid oxidation (Gabig & Babior, 1981). Lipid oxidation in both slaughters was
increased during refrigerated storage at all three weeks. This may be due to heme breakdown
during storage and hence the released non-heme iron can catalyze lipid oxidation. These values

were consistent with the results for heme iron content in this study where were (1.36, 2.05),
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(1.15,1.72), (1.02, 1.43) for halal and non-halal beef respectively. Transition metal ions, primarily
Fe serve as key catalysts for lipid oxidation in muscle (Kanner, 1994).
b) Heme iron

Heme iron content in halal and non-halal beef were shown in Figure (4.12). Halal beef
that was produced without stunning resulted in significantly lower (P < 0.05) heme iron than non-
halal beef. This could be due to halal slaughter without stunning resulted in significant lower
residual hemoglobin than non-halal slaughter with stunning (Nakyinsige et al, 2014); (Griffiths et
al, 1985). Also, as storage time increases, the heme iron was decreased for both slaughter
methods for three weeks. This could be due to breakdown of heme and release non-heme iron
(Benjakul and Bauer, 2011) and hence it can catalyze lipid oxidation during the storage.
Transition metal ions, primarily Fe serve as key catalysts for lipid oxidation in muscle (Kanner,
1994). These values were consistent with the results for lipid oxidation and some of
microbiological analyses such as aerobic plate count, psychrotrophic bacteria, pseudomonas ,
lactic acid bacteria, coliform and Enterobacteriaceae.

Red meat and processed meat intake is associated with a risk of colorectal cancer, a major
cause of death in affluent countries. Epidemiological and experimental evidence supports the
hypothesis that heme iron present in meat promotes colorectal cancer. This meta-analysis of
prospective cohort studies of colon cancer reporting heme intake included 566,607 individuals
and 4,734 cases of colon cancer (Nadia et al 2011). Therefore, halal slaughter could lower heme
iron and hence improve the quality of meat and avoid health problems such as colorectal cancer.

c) pH
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The effect of slaughter methods on pH in beef was shown in Fig (4.13). There were no
significant differences for pH between halal and non-halal beef during refrigerated storage for
three weeks. This could be due to use same treatment with animals before slaughtering. Also,
as storage time increases, the pH was decreased for both slaughter methods for three weeks.
This could be due to increase growth of lactic acid bacteria during storage period and produce
lactic acid.

d) Thaw loss

The effect of slaughter methods on thaw loss in beef was shown in Figure (4.14). There
were no significant differences for thaw loss between halal and non-halal beef during
refrigerated storage for three weeks. In addition, as storage time increases, the thaw loss was
slightly increased for both slaughter methods for three weeks.

e) Drip loss

Drip loss results in an unsightly appearance and tougher, drier meat. Exudate water
contains ca. two-thirds of the protein concentration of whole meat, so drip loss is a costly waste
of animal protein (van Laack and Solomon, 1994). Drip loss in halal and non-halal beef was shown
in Figure (4.15). At week land 2, halal beef that was produced without stunning resulted in
significantly lower (P < 0.05) drip loss than non-halal beef while there was no significant different
at week 3. As storage time increases, the drip loss increases for both slaughter methods. The
increase in drip loss with storage time may be attributed to degradation of muscle proteins
caused by the spoilage mechanisms. These findings are in agreement with the findings of
(Addeen et al. 2014) in chicken, and (DAgata et al, 2010) in beef who found that drip loss was

significantly higher in non-halal than halal meat during storage.
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ABSTRACT

SYNERGISTIC EFFECT OF NATURAL ANTIMICROBIALS PRODUCED FROM
FOOD ON FOODBORNE PATHOGENS AND EFFECT OF MEAT PRODUCTION
METHOD ON QUALITY AND SHELF LIFE OF MEAT

by
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Advisor: Dr. Ahmad R. Heydari
Major: Nutrition and Food Science
Degree: Doctor of Philosophy

Meat is highly perishable food since it contains sufficient nutrients needed to support the
growth of microorganisms which is effect of nutritional value and spoilage of meat. There are
many methods are available to control food pathogens in meat. Using natural antimicrobial may
be is a good option because it is provide many benefits. This study showed the synergistic effect
of individual and combinations of lactoferrin, lysozyme and nisin in-vitro and in-vivo (in meat)
had significant effect (P < 0.05) on reducing the number of foodborne pathogens in meat.
Toxigenic Staphylococcus aureus contamination in meat is a major problem in public health due
to the production of heat-stable enterotoxins. Also, S.aureus expresses an many array of
virulence factors contribute to the ability of S. aureus to cause infection, our results showed that
high percentage (42.9) of S. aureus in meat and 80.9 % of S. aureus isolates contained at least
one enterotoxin gene. The three most common enterotoxin genes in meat were sea gene (61.9%)
followed by seh gene (33.3%) and sei gene (30.1). Some of S. aureus isolates contained more than
one enterotoxin gene. In addition, our results indicated that S. aureus isolates from meat showed

different antimicrobial resistance levels against fourteen antibiotics. Also, S. aureus multidrug
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resistant were high in meat. There are different types of meat based on the meat production
method. Halal meat is produced without stunning prior to slaughter, resulting in a rapid and
complete bleeding of animals. Our results showed that halal meat production method resulted
in significantly lower residual heme iron than conventional method with stunning (non-halal
method). Microbiological analyses of fresh meat samples showed that halal meat production
method had significantly lower (P < 0.05) microbial count than non-halal meat method. Storage
of meat is critical because during storage even with proper refrigeration, the meat ultimately
undergoes deteriorative changes including microbial spoilage, oxidative changes. Our results
indicated that meat production method significantly affects the meat quality not only for fresh
meat but also during storage. Microbiological analyses of meat samples during storage for three
weeks at 4°C showed that halal meat method had significantly lower (P < 0.05) microbial count
than non-halal meat. Physiochemical analyses showed that quality indicators for meat such as
lipid oxidation, drip loss, pH, and heme iron content were significantly lower (P < 0.05) in halal
meat than non-halal meat during storage. Halal meat processing may be advantageous in
reducing bacterial colonization, increasing the usable shelf life, and improving the quality of the

fresh and stored meat.
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