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Abstract

The present study was undertaken to isolate and characterize some types of
bacteria from frozen foods by biochemical and molecular methods. During a six
months period between November 2020 to April 2021, 100 samples of frozen food
were collected randomly from the commercial markets in Misan Governorate and
then transferred under sterile conditions to microbiology laboratory at science
college. The frozen food samples included: Meat products from local and imported
companies ,represented by (burger — sausage — kebab — shawarma — minced meat)
and Chicken products from local and imported companies ,represented by (chest —

thigh- liver- burger- kebab) where take ten samples for each product used .

The results show that the imported burger ,sausage and shawarma samples had
mean value 2.52x1013° +1.44x1013, 3.86x1013 b +2.92x103and 2.78x10'3
a+1.12x103respectively while the local samples have mean value which were
2.32x1013 v +1.06%10%3, 2.85x1013 b +0.16x10'3 and 2.99x10%3 «+2.18x10'3
respectively ,so the imported samples of these three types of meat products had
highest value of Aerobic Plate Count than local samples. The minced meat samples
from local company( L1) have mean value 5.56x101%+3.10x10*more than the
samples of local company (L2) which have 2.59x1013 «+0.4x1013, kebab from local
company (L1) has mean value 2.46x1013 ® +1.81x10%3while the samples from local
company (L2) which havel.24x1013 b + 0.19x10'3>  mean value so the kebab

samples from L1 have highly aerobic plate count than the samples from L2.

The results of frozen poultry meat cuts and products showed that the imported liver
.chest ,thighs and burger samples had mean value which 1.89x1013 b +1.22x1013 |
2.91x1013 ® +2.16x1013, 2.78x1013 ® +1.26x10'3 and 2.59x1013 b +2,07x10*3
respectively while the local samples of these type have mean 9.2x10%2 ® +4.7x1012 |
1.83x1013 b #1.19x1013, 1.64x1013 ® +0.13x10%3 and 1.66x1013 b +1.29x1013



respectively so the imported samples had highest values of aerobic plate count. The
chicken kebab samples from local company (L1) have mean value 2.09x1013 «
+1.23x10*  while the samples from local company (L2) have 2.23x1013 e
+1.49x103mean value so the aerobic plate count of kebab samples from L2 is more

than the aerobic plate count of L1 samples.

Many bacterial strains were isolated from frozen food (meat and chicken products).
Forty one of bacterial species isolates were characterized at biochemical levels by
ordinary and standard bacteriological tests, preliminary test showed that Gram
negative bacteria was most common in meat products (52%) while Gram positive
bacteria represents 48% . In poultry samples Gram stain showed that Gram positive
bacteria was most dominant (59%) with (41%) the percentage of Gram negative
bacteria. The isolates bacteria were further identified by the Vitek-2 system and the
molecular analysis. Only five bacterial species misidentified by Vitek2compact

system and identified by used monoplex PCR.

Multiplex PCR and monoplex PCR were used for further identification of
bacteria. Multiplex PCR was used to diagnose the presence of common types of
bacteria in food samples by special primers, and it gave negative results which was
identical to the preliminary tests as well as the Vitek2 system , and confirmed that the
samples did not contain these types , while monoplex PCR was used to diagnose
eighteen types of bacteria strain isolated using a universal primer (16S r RNA) that
gave 1500 bp amplification product. Nucleotide sequences were studied at the
National Center for Biotechnology Information (NCBI) using the Basic Local
Alignment Search Tool (Nucleotide BLAST).

The diagnosed bacteria were Aeromonas veronii, Pseudomonas plecoglossicida,
Acinetobacter lwofii, Aeromonas veronii, Klebsiella pneumoniae, Pseudomonas
japonica, Pseudomonas songnenensis, Klebsiella  pneumoniae subsp.ozaenae,

Psychrobacter sagnuinis, Klebsiella pneumoniae, Acinetobacter Iwofii,



Lysinibacillus boronitolerans, Bacillus licheniformis, Enterobacter hormaechei,
Pseudomonas  putida, Serratia liquefaciens, Comamonas testosterone ,and

Methylogaea oryzae.

Sixteen bacterial isolates were recorded in Gene Bank under different accession
numbers: MZ934693.1, MZ934671.1, MZ931306.1, MZ931286.1, MZ930472.1,
MZ927456.1,  MZ927229.1, MZ923509.1, MZ923503.1, MZ921931.1,
MZ920155.1,MZ919358.1,M2919316.1,MZ919316.1,MZ913024.1,MZ911849.1.
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Introduction:-

Meat is one of the most important food sources for humans , which is characterized
by its high nutritional value and pleasant taste and it's considered as one of the most
desirable food by the consumer (Hui et al., 2001and Hafez et al., 2019). Meat is deem
one of the most perishable foods and it is a suitable environment for the growth and
reproduction of spoilage and pathogenic bacteria due to its high nutritional

concentrations , suitable moisture and high water activity (Hungaro et al., 2016).

Over 250 known food-borne diseases could be caused by food contaminated with
parasites, viruses, bacteria, and toxins, which are continuing to be a public health
problem in the world , of these, bacteria cause a large portion (approximately 90%) of
all food-borne ilinesses(Ahmed et al., 2014).

Food contamination by foodborne pathogens is a serious public health concern one
that could lead to foodborne diseases (Akeda, 2015). Foodborne diseases are
continuously being a global public health problem with an estimation of 600 million
people getting ill yearly (Srey et al., 2013 and WHO, 2020). Yang et al. (2017)
indicated that food contamination may happen during any stage in the farm-to-fork
continuum from animal, human, or environmental sources and cause foodborne

disease and food poisoning .

The two primary types of bacteria that consequence are spoilage bacteria and
pathogenic bacteria. Spoilage bacteria are normally not harmful, but they are cause
food to lose quality or deteriorate by developing a bad smell or texture like
Pseudomonas spp., Enterobacteriaceae , Brochothrix thermosphacta ,Lactic acid
bacteria according to Pennacchia et al., (2011) while Pathogenic bacteria are those
such as Salmonella, Escherichia coli 0O157:H7, Campylobacter jejuni,
Staphylococcus aureus , and Listeria monocytogenes, all which cause food-borne
illness and can’t be seen or smelled (Abbas and Alghanim, 2016).
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Meat can be stored safely for extended periods of time by applying the correct
hygienic procedures and some of these procedures include the places, surfaces and
tools which are used in the meat processing should have a high level of cleanliness and
also its workers (Chellaiah et al., 2019). In order to preserve food, microbial enzymes
and the natural enzymes found in food must be prevented from damaging it (Ledward,
2003 and Rajendran et al., 2019).

The most commonly used tools of standard methods for pathogen detection are
immunological based method, cultural based method, and molecular based methods.
The fast and precise identification of bacterial pathogens is important, both for quality
assurance and to trace bacterial pathogens within food supplies (Yang et al., 2013).

In recent years, Iragi local markets were taken over by a variety of frozen meat and
poultry product from different well-known and unknown origins regardless of whether
such food is valid for human consumption or not. Also, the lack of proper
requirements and equipment of transportation, storing and marketing such food may
result in the contamination of food with various biological, chemical, and physical
contaminants that may form serious health threats specifically in those imported and

local products.

This study was aimed to:-

Determine the percentage of the frozen food contamination with bacteria available
in the public markets of Misan Governorate/lraq and this was achieved through:
a- Isolation of various species of bacteria of some frozen food including local and
imported retail meat and chicken.
b- Phenotypic study of isolated bacteria by using conventional and confirmed
laboratory techniques.
c- Molecular study of isolated bacteria by using specific and 16s rRNA primers using

multiplex PCR and monoplex PCR respectively.
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2. Literature Review:-

2.1. Food Contamination :-

Food contamination happens when bacteria or other germs enter food and make
them unsafe to human consumptions. Also it can refer to meals that have rotted due to
the presence of microorganisms that render them unsafe for consumers . Food safety
Is compromised when foodstuffs get contaminated with a potentially hazardous agent
(Sadiku et al., 2020). As explained by Sadiku et al.,(2020), food contamination can be
divided into three types :-
1-Biological Contamination: Occurs when fungal, bacteria, or other damaging
microorganisms contaminate food. It is a common cause of food-borne illness, food
spoilage, and food poisoning. Although all foods can bear dangerous pathogens, some
foods are rather more vulnerable to biological contamination than others ones.

2-Chemical Contamination: Refers to food that has been contaminated by a type of
chemical substance. Common sources of chemical contamination include unwashed
fruits, kitchen equipment, agrochemicals ,vegetables, and food containers made of
non-safe plastics. Also, Nuclear accidents can lead to widespread environmental

contamination and can cause death.

3-Physical Contamination: Takes place once physical objects enter food. Common
sources of physical contamination include fingernails, glass, hair, metals, pests,
jewelry, and dirt.

The World Health Organization (WHO) recognizes food contamination as a global
challenge in various documents and reports (WHO, 2015 and Fukuda et al., 2015). It
IS clearly acknowledged in a statement “food contamination that occurs in one place
may affect the health of consumers living on the other side of the planet” (Alert,
2014).

Hussain (2016) displayed that food contamination was the major challenges of the
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future, there are vast majorities of people whom experience a waterborne or food
borne disease at some point in their lives worldwide and therefore consumption of
contaminated foods may cause illness in many people and many of them die as a result
of it. This scenario makes “food contamination” a serious problem. The list of food
contamination challenges is extremely long and it keeps growing. Many types of food
could be contaminated like meat, meat products, poultry, dairy, fruits and vegetables
(Fukuda et al., 2015).

2.2. Bacterial Contamination of Meat :-

Meat and meat products in general have a major role in human nutrition as they are
desirable foodstuffs. They are an important source of protein, minerals, essential
amino acids, fat, vitamins and other nutrients essential for human beings (Biesalski,
2005). On the other hand, they are considered to be an ideal culture medium for the
growth of many organisms owing to their high content of moisture, abundance of
minerals, nitrogenous compounds of various degree of complexity, accessory growth
factors and some fermentable carbohydrates of a favorable pH as glycogen
(Mohammed, 2011 and Eid et al., 2018).

In most cases, the internal meat tissues of a healthy animal free of diseases do not
contain any of the microorganisms. The animal’s sk, as well as the lining
membranes of the internal viscera, form protective covers against the invasion of
microorganisms to the internal tissues, in addition to the defenses found in the
animal’s body fluids, tissues and glands, such as white blood cells and antibodies . But
contamination of these internal tissues may occur in cases of the animal’s exposure to
physical stress processes (extreme thirst or hunger, or sudden heat changes) that affect
the animal’s immune system and lead to weak body resistance and a defect in the
permeability of some membranes, allowing the passage of microorganisms to the
muscles through the blood vessels located in that area, this is what is called the
primary contamination of meat (Lund et al., 2000).

The secondary contamination of meat with microorganisms may be happen by meat
handlers, which they may have carried the pathogenic microorganism through the

4
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processes of manufacturing, marketing and packing. Inappropriate cooking, poor
hygiene through the production processes, refrigeration or the retail and storage of
foods may cause meat borne illnesses and food poisoning causing deaths in
developing countries costing them billions of U.S dollars in medical care, medical and
social costs (Fratmico et al., 2005 and FDA, 2012).

The bacterial pathogens that are rather likely to be found in commonly slaughtered
livestock (sheep, cattle, and swine) and poultry (chicken and turkey) include
Salmonella spp., Escherichiae coli and Listeria monocytogenes .These pathogens
have been implicated in widely publicized food-borne illnesses outbreaks associated
with poultry products and meat consumption. Meat and meat products from retail
outlets have been documented to be contaminated at different rates and implicated in
infections and outbreaks associated with Salmonella spp., E.coli and L.
monocytogenes and others (Kupradit et al., 2013; Rodpai et al., 2013; Saeed et al.,
2013; Zhao et al., 2014; Adwan et al., 2015).

2.3. Bacterial Contamination of Chicken Meat:-

Chicken meat is considered to be a highly nutritive food with a relatively cheap
price, low cholesterol content and fat, consumed worldwide. yet, it is highly
perishable, and its storage life is relatively short even at refrigerated temperature
(Mantilla et al., 2011 and Sheir et al., 2020).

Carrizosa and his team (2017) indicated that Chicken meat has a short shelf life
because psychrotrophic bacteria causes off-flavors or spoilage even at cold
temperature storage conditions. The spoilage of meat depends on the pH level, storage
temperature, biodiversity of bacterial groups and availability of oxygen (Ercolini et
al., 2010 and Sheir et al., 2020), also those factors, in turn, are associated closely with
the growth of spoilage bacteria.

The misuse of temperature control and poor food handling could increase the
growth of microorganisms which probably leads to the contamination and spoilage of
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food (Gour et al., 2014), storage temperature, nevertheless, is the most important
factors that affects the growth of bacteria existing in chicken meat.

In a study conducted on chickens, it was found that live chicken skin harbors
bacteria at numbers close to 1500/cm? which represented micro flora , while in the
final product the bacterial number was more than 2500/cm? and this may be due to
many factors like legs, feathers, fecal material ,viscera ,boiling water, washing and
skinning equipment (Ayres et al., 1980 and Al-jasser, 2012 ). One of the studies
conducted by some researchers on chilled chicken, it was found that bacteria
belonging to the genus Pseudomonas constitute more than a third of the bacteria
found on chicken meat, followed by Acenitobacter, Flavobacterium
Enterobacterium and Corynebacterium members. In the meat of chickens treated
with antibiotics such as theroxytetracycline and chorotetracycline, it was found that
yeasts are dominant, where bacteria are inhibited by antibiotics, leaving yeasts,
especially Rhodotorula and Torulopsis. As for the chilled chickens packed under
vacuum, it was found that the members of the Enterobacter group dominate over
Pseudomonas which the first facultative ones, while the second is aerobic, which does
not grow under these conditions. (Asghar et al.,1988; Octavian and Aida, 2010; Al-
jasser, 2012; Haleem et al., 2013).

Haleem and his colleagues (2013) showed that In lIraq, poultry is slaughtered
manually, thus, contaminated by different types of microorganism like bacteria,
fungus even parasites from soil or from contaminated earth with other poultry wastes.
Sometimes washing is not useful to get rid of microorganisms and we need to cook
immediately for meat to kill these microorganisms especially pathogenic one, while
the frozen poultry meat and its product which comes to markets from unknown origins
may be contaminated by certain microbial pollutants, due to unknown sources,

processing and transportation in addition to the instability of electrical power.
2.4. Overview of Foodborne lliness:-

Foodborne pathogens usually refer to pathogenic bacteria presented within the
process and circulation of food, which survive, develop and metabolize in food and
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cause food spoilage and destruction. At the same time, a few pathogenic bacteria will
excrete poisonous substances, directly or indirectly lead to sickness of individuals
(Zhang et al., 2017). The most common microbial genera isolated from fresh meat are
Acinetobacter, Enterobacteriaceae, Brochothrix, Flavobacterium, Psychrobacter,
Moraxella, Staphylococcus, Micrococcus, lactic acid bacteria, and Pseudomonas
(Doulgeraki et al., 2012).

The common pathogenic bacteria which will cause bacterial sickness are
Escherichia (especially hemorrhagic Escherichia coli O157:H7), Salmonella,
Shigella, Pathogenic Vibrio (Vibrio cholerae and parahaemolyticus),
Staphylococcus aureus. In recent years, more and more microorganisms which may
result in human food poisoning are found, and they were mainly listeria
monocytogenes and Campylobacter jejuni (Gao et al., 2014).

Sun (2015) showed that food borne pathogens have led to several food recall or
food safety incidents in recent years, including the ten food recall events in united
states due to Listeria contamination.

According to WHO statistics, aroundlbillion and 500 million cases of diarrhea
happened annually around the world, resulting in the death of three million children
under 5 years old, about 70% of which are caused by food borne pathogens
contamination food.

The U.S. Centers for Disease Control and Prevention (CDC) estimated that every
year within the United states about 32 million and 150 thousand patients are
hospitalized by food borne pathogens ,and 5200 cases are dead. About 14 million
cases of foodborne diseases were caused by known pathogens, among them, 60
thousand people were hospitalized and 1800 people died. The annual economic loss
caused by food borne diseases can be reached to 2 billion and 600 million Australian
dollars in Australia. It can be seen that food borne pathogens have caused an enormous
and expanding world public health problem (Ju et al., 2019). The table (2-1) explain
some pathogens microorganism responsible for food-borne illness as described by
Velusamy et al., (2010) and FDA, (2020).
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Table 2.1. Some pathogenic microorganisms responsible for food-borne illness (Velusamy et al., 2010) and FDA,

2020).
Pathogen Associated foods (reported Onset time Duration Name of the disease Symptoms
food contamination) after ingestion

Campylobacter jejuni Raw milk, and Raw or under — 2-5 days 2-10 days Campylobacteriosis Fever, head ach, and muscle pain followed
cooked meat, poultry or shellfish by diarrhea, abdominal pain and nausea

Salmonella spp. Raw/undercooked eggs, poultry, 6-48 hours 4-7 days Salmonellosis Stomach pain, diarrhea, nausea, chills, fever,
meat, raw milk, dairy product; sea and headache
food; chocolate; salat and spices

E. coli Raw/undercooked eggs, poultry, 1-3 days 3-70r more Hemorrhagic colitis Stomach pain, diarrhea, nausea, chills, fever,
meat; raw milk, dairy product, sea days and headache
food; and leafy vegetables

E.coli O157:H7 Under cooked beef(burger) 1-8 days 5-10 days Hemorrhagic colitis or E.coli | Severe bloody diarrhea, abdomen pain
unpasteurized milk, juice, water O157:H7 infection ,vomiting little or no fever caused kidney

failure in younger

L.monocytogens Soft cheese, raw milk, ice cream, | 9-48hfor variable Listeriosis Fever, chills, headache, backache, sometimes
vegetables, raw meat and poultry | gastrointestal abdominal pain and diarrhea

Bacillus cereus Meats, milk 10-16 hours 24-48 hours Bacillus cereus food poising | Diarrhea, abdominal cramps, nausea, and
vegetables Fish, rice, pasta vomiting

Clostridium botulinum canned foods, garlic in olil 12-72 hours variable Food borne botulism Double vision, droopy eyelids trouble

vacuum tightly wrapped food

speaking, swallowing, difficulty breathing
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Clostridium perfringens | Undercooked meats, meat 8-16 hours Usually Perfringens food poisoning Abdominal cramps and diarrhea
products, and gravies 24hours

Shigella Salad, raw vegetables dairy 24-48 hours 4-7 days Shigellosis Abdominal pain, cramps fever, vomiting and
product, and poultry diarrhea containing blood and mucus

Noroviruses Raw product, contaminate drink 12-48 hours 12-60 hours Viral gastroenteritis ,winter Nausea, vomiting, abdominal cramping
water ,cooked ,uncooked foods diarrhea, acute non Jdiarrhea ,fever, headache, diarrhea is more in
Shillfish gastroenteritis, food poising adults ,vomiting is more in children

Vibrio parahaemolyicus | Raw, improperly cooked, or not 4-96 hours 2-5 days V. Parahaemolyticuse Diarrhea abdominal cramps, nausea,
cooked, contaminated fish associated gastroenteritis vomiting, headache fever and chills
Shellfish, and oysters

Vibrio vulnificus Raw or contaminated oysters, 1-7 days 2-8 days Syndrome called primary Diarrhea, and wound infection
clams and crabs septicemia

Staphylococcus aureus | Unrefrigerated or improperly 1-6 hours 24-48 hours Staphylococcal food poising | Sudden onset of severe nausea and vomiting.
refrigerated meats ,potato ,egg, Abdominal cramps .diarrhea and fever may
salads and cream pastries be present

Hepatitis A Raw product, contaminated water | 28 days average | Variable 2 Hepatitis Diarrhea ,dark urine ,jaundice and flu like

,cooked and uncooked foods ,shill
fish

(15-50)days

weeks-3month

symptoms | .e. fever Jheadache ,nausea

,abdominal pain

Cryptosporidium

Various types of fresh products

(imported berries,lettuce,basil)

2-10 days

May be remit
and relapsing
over weeks to

months

Intestinal cryptosporidiosis

Diarrhea (watery)stomach cramps,upset

stomach, slight fever
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2.5. Food Spoilage and Food Pathogens:-

Food spoilage is defined as a change within the quality of food that renders it
undesirable and unfit for consumption, either by humans or animals, because of
spoilage indicators like changes in texture , appearance and objectionable odor
(Blackburn, 2006; Nychas, and Panagou, 2011; Lianou et al., 2016). It's a complex
process because of underlying causes that may be broadly grouped as microbiological,
chemical, or physical (Petruzzi et al., 2017). Despite the increasing technological
progress in food science and technology over the years, spoilage of food remains a
worldwide problem (Petruzzi et al., 2017).

Snyder and Worobo (2018) Show that Food spoilage incurs huge economic losses
to producers (farmers), retailers, and consumers. Microbes are the foremost common
explanation for food spoilage and are ubiquitous, because they're too small to be seen
with the human eye, aside from molds, colonization of exposed food by bacteria and
yeasts may remain unnoticed (Hammond et al., 2015).

Colonization of food by spoilage microbes occurs in various ways, counting on the
sort of food for examples food with high water content like meat, milk and seafood
easily get spoiled by bacteria unlike food with low water content, while spoilage of
dry food is sometimes initiated by molds or yeasts. However, the complexity of food
spoilage and therefore the interconnectivity of things contributing to it make it
difficult to resolve the problem(Odeyemi, 2020).

Microorganisms are available naturally within the surrounding environment;
therefore, they'll easily reaching food during harvesting, slaughtering, processing, and
packaging (Hatab et al., 2016). These microorganisms can survive under adverse
conditions utilized in the food preservation like low temperature, modified atmosphere
packaging, vacuum packaging, also as resist conventional pasteurization (Dimitrijevi¢
et al., 2007; Provincial et al., 2013; Saraiva et al., 2016; S&de et al., 2017).

There are about 200 known food-borne pathogens within the world. Unfortunately,
these organisms can't be seen, smelled, or tasted ,it often takes only a few of them to
infect a person . Meat is among the most perishable foods and a good environment for
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the replication of spoilage microorganisms thanks to its high concentrations of
nutrients and high-water activity (Hungaro et al., 2016).

Boziaris and Parlapani (2017) affirm that spoilage is because of the so-called
specific spoilage organisms, which predominate and form metabolites and thereby
alter the organoleptic characteristics of meat and these making it inappropriate for
consumption. This, within the belief of Nattress et al., (2001) that it caused substantial
economic losses for both producers and retailers. During slaughterhouse processing,
carcasses may be contaminated by the skin, feces, water, intestinal content, personnel

and processing room equipment.

2.6. Effects of Environmental Conditions on Proliferation of Meat
Spoilage Microorganisms:-
2.6.1. Temperature:-

Storage temperature and period are crucial for spoilage of meat and meat products,
Since the temperature of the refrigerated storage, from the point of view of the
researcher Casaburi et al., (2015) impacts the selection of psychrotrophic
microorganisms.

One of the primary organisms that replicated in vacuum-packed lamb stored at —1.2
°C were Carnobacterium, Yersinia, and Clostridium spp., whereas at 8°C, Hafnia,
Lactococcus, and Providencia spp. were also observed (Kaur et al., 2017).

Borch et al., (1996) and Odeyemi et al., (2020) provides an explanation for that
reduction of bacterial growth and alteration of microbial groups in vacuum-packed
beef at storage temperature. Total possible counts attained 107 cfu/g after 14 weeks at
1.5 °C while at 4 °C the equal counts were attain after three weeks. On the contrary,
the counts of bacteria inducing spoilage increased in aerobically stored chilled meat.
In beef stored aerobically at 5 °C for 7 days, Russo et al., (2006) gave proof for

increased B. thermosphacta (from 2.5 x 10*to 3.4x 10°cfu/g), Pseudomonas spp.
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(from 5.0 x10* to 1.0 x 10° cfu/g), Enterobacteriaceae (from 2.0 x 103to 1.1 x 10°
cfu/g), and lactic acid bacteria (from 3.0 x 103 to 3.4 x 10° cfu/g) counts.

Kaur et al., (2017) encouraged the usage of the synergic effect of the modified
environment or vacuum packaging, pH, cold storage and antimicrobial bacterial
activity to slow down meat spoilage.

Accordingly, the temperature at which food is preserved determines the nature and
numbers of microorganisms that grow in it. Preserving food at low temperatures leads
to a result of a temperature lower than the optimum temperature for growth, which
causes a rapid decrease in the metabolic activity of microorganisms due to the low rate
of biochemical reactions. The viscosity of cellular fluids increases, and the lipids of
the cell membrane harden, and if this decrease continues significantly, cellular growth

stops completely (Jay et al., 2008).

2.6.2.PH:-

After the animal slaughter process is completed, changes in the acidity of the meat
occur which causes a decrease in the pH of the meat from (5.4 to 5.8). In animals that
suffered from stress before being slaughtered, the dark firm and dry meat
phenomenon, that is accompanied by high meat pH could be observed. It was proven
that bacterial nutrients in meat with high pH had been reduced. Such meat undergoes
spoilage in shorter terms as microorganisms rapidly attack and hydrolyze amino acids
(Borch et al., 1996 and Odeyemi et al., 2020).

There is a substantial positive correlation among meat pH and meat bacterial counts
(Alonso-Calleja et al., 2004). As the high meat pH ends in rapid spoilage because of
extensive bacterial replication and consumption of nutrients in meat .Wang and his
team, (2017) reported that lactic acid bacteria produce lactic acid which barely
decreases pH while in their absence meat pH is insignificantly higher at the same time
as most pseudomonads produce a metalloproteinase with pH optimum among 6.5 and
8.
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2.6.3. Water Activity, Moisture, and Salt Content :-

Water activity is an important indicator for identifying the speed of food spoilage.
The values of the water activity range from zero to one, in fresh food the water
activity is close to the number one, and therefore it is easy to spoil it due to the rapid
growth of microorganisms in it, unlike dry food which have lower limit of water
activity that do not allow the growth of microorganisms (Jay et al., 2008).

Sodium chloride is among the most usually used additives in meat industry because
of its low cost and numerous properties. It is preserving and antimicrobial agent
because it reduces the water activity of foods. Also, the addition of salt to meat
products affects some enzymes and thus improves the water preserving capacity and
flavor of meat (Mariutti and Bragagnolo, 2017).

Odeyemi et al., (2020 ) reported that the addition of 4% salt (sodium chloride) to
meat products decreased their water activity from 0.99 to 0.97 preventing
Pseudomonas and Enterobacteriaceae growth, however lactic acid bacteria and
yeasts replicated. Nevertheless, the growth rate and lag phase of lactic acid bacteria
were additionally influenced by reduced water activity. For instance, as water activity
decreased from 0.98 to 0.96 in sausages the lag phase of lactobacilli increased 3 times
even as the growth rate marked a twofold reduction (Plavsic et al., 2015).

2.6.4. Packaging Atmosphere :-

Packaging is another vital aspect determining the microorganisms that will
reproduce and spread in fresh meat. Therefore, the spoilage is because of bacteria that
are initially found in meat. Casaburi et al., (2015) and Dohlen et al., (2017) support
the thesis that the presence or absence of oxygen has a strong effect on the variety of
microbial species replicating in meat. That means different microbial species will
develop relying on whether or not meat is packed in aerobic or anaerobic conditions or
in a modified atmosphere.

According to Kaur and his team (2017) the packaging used for vacuum or modified

atmosphere packaging are badly permeable to oxygen and thus, inhibit the growth of
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aerobic spoilage microorganisms and consequently, increase the shelf-life of the
product. Also, the modified atmosphere includes gases at variable ratios for example,
70% 02 and 30% CO2 (Sade et al., 2017) 80% 02 and 20% CO2, and 65% N2 and
35% CO2 (Holl et al., 2016), which similarly inhibit spoilage microorganisms in meat.

Nychas et al. (2008) suggested that in most cases, Pseudomonas spp. had been
responsible for the spoilage of aerobically spoiled meat. Lactic acid bacteria
predominated in vacuum-packed meat (Nattress et al., 2001). Sade et al., (2017)
isolated Camobacterium, Brochothrix, Leuconosto, and Lactococcus from beef

packed in modified atmosphere.

2.7. Psychrophilic and Psychrotrophic Bacteria :-

Hypothermic microorganisms can be defined as those that have the ability to grow
and multiply at temperatures below 20°C, including psychrophilic and psychrotrophic
microorganisms . Psychrophilic microorganisms have a maximum growth temperature
at 20°C or below and it is restricted to permanently cold habitats while Psychrotrophic
microorganisms have a maximum growth temperature above 20°C but have ability to
growth in low temperature and it is widespread in foods and in natural environments
(Gounot, 1986 and Wei et al., 2019).

The cooling of most foods at low temperature does not protect them from spoilage
but only reduce the rate of food deterioration (Nychas et al., 2008). There are many
kinds of microorganisms can be growth in the refrigeration condition like yeast
,bacteria and fungi are mainly found in the chilling foods (Wei et al., 2019).

The growth of Psychrophile and Psychrotrophic bacteria in low temperature due to
they have fat cell membranes and possess chemical resistance to cooling and often
produce proteins called "Cold shock protein™ to protect the interior liquid and its DNA
(Rapuntean, 2005).

Psychrotrophic bacteria can be divided into two types : Gram-positive bacteria
including Corynebaterium, Streptococcus, Bacillus, Clostridium, Listeria,

Lactobacillus, Paenibacillus and Microbacterium and Gram-negative bacteria such as
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Pseudomonas, Flarobacterium,  Alcaligenes, Achromobacter, , Aeromonas,
Yersiniaand Chromobacterium (Hantsiszacharov et al., 2007).

Some types of bacteria have a special mechanism that enables them to grow at low
temperatures which depends on several features , including : cell membranes contain
lipid which helps them to absorb of nutrients in the environment under low
temperature conditions (Wei et al., 2019). Further, psychrotrophic bacteria can excrete
large quantities of extracellular proteases and lipases to decompose biological
macromolecules into small molecules under the condition of low temperature to
ensure the nutritional needs (Jaouen et al., 2004).

Ernst et al., (2018) confirmed that the posttranscriptional modifications in tRNA of
these bacteria are known to have many functions, inclusive maintaining tertiary
structures and cellular adaptation to environmental factors.

Enzymes activity is another important features that are affecting on the growth of
bacteria, which is inhibited when the enzyme activity is affected at low temperatures.
So, psychrotrophic bacteria could be grow at low temperature with the cold-adapted
enzymes, which have a higher catalytic activity in low temperatures (Ke et al.,
2018).Moreover, psychrotrophic bacteria can also increase the enzyme production to
recompense for the lack of enzyme catalytic reaction rate (Marx et al., 2007).

Cold shock proteins "Csp™ are found in a wide range of psychrotrophic bacteria
(Newkirk et al., 1994 and Lee et al., 2014). Usually, the structures of cold shock
protein have two highly conserved nucleic acid-binding motifs: Ribonucleoprotein
"RNP" 1 and 2 (Caruso et al., 2017).

Some researchers explained that when the ambient temperature is lower than the
growth support temperature, the effect of "Csp™ can be expressed, so it's binding to
the single stranded nucleic acids and acting as an RNA chaperone to regulate
translation .The production of cold shock proteins is certainly a strategy for
psychrotrophic bacteria to adaptation to a low- temperature environment (\Wei et al.,
2019).
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2.8. Meat P reservation:-

Meat can be stored safely for lengthy periods by following the suitable hygienic.
The reason of meat preservation is in preventing contamination and delay of spoilage
by microbial enzymes and protecting enzymes of meat from damaging. Meat
preservation relies upon on procedures and processes to manage microbial growth and
the impact of its enzymes on meat (Ledward, 2003 and Rajendran et al., 2019).

Stephen (2020) explained that the aim of food preservation operations to prolong
the food’s shelf life for as long as possible, by using all the various scientific means in
the correct ways in order to prevent the natural spoilage of food by controlling
microorganisms in food through: reducing or preventing microorganisms from
reaching food, removing or delaying and impeding the growth of microorganisms in
food, killing and exterminating microorganisms in food, so that the properties of a
natural, chemical and nutritional substance determine the best way to preserve it which
no negative impact on the nutritional value of the final product. There are many
methods used to preserved meat and meat product (Rajendran et al., 2019).

- Thermal Methods like(Smoking, Canning, Drying , Hot smoking and Cold smoking
- Non -Thermal Methods like (Freezing, Freeze-drying , Chilling and adding Salt i.e.
curing meat).

- Nitrates & Nitrites.

- Fermentation & Pickling.

- Irradiation.

- Hydrostatic Pressure Processing.

- Hydrodynamic Pressure Processing

2.8.1. Preservation of Meat by Freezing Method:
This is one of the best methods of preservation of foodstuffs which includes all
varieties of meat and this method preserve meat like natural state where it is slowing

down of the enzymatic reactions and growth of microbes. But the organisms will be
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deactivated rather than killed and in all likelihood, could be activated once the frozen
productis thawed (Rajendran et al., 2019).

Sohaib et al., (2016) they refered that microorganisms such as bacteria and yeast
grow well at specific temperatures normally between (4.4°C -60°C). By decreasing the
temperature approximately under freezing condition that is below (4°C) their
multiplication will substantially be arrested without killing them and making them
slow the spoilage. A minimum storage temperature of no less than (-12°C) is vital for
longer shelf life with desired characteristics without losing flavor. But this could be
possible only with the availability of a freezer and reliable electricity uninterrupted
power supply.

The meat or cut portions need to be wrapped with freezer bags or paper to prevent
freezer burn and also to ensure for air tightness to keep away from contamination.
Uncooked meat such as steaks or chops can be frozen safely for (4-12) months and
further uncooked ground meat also should safely be stored for (3-4 )months while the
cooked meat can be stored for( 2-3) months. The poultry meat of both cooked and
uncooked may be stored for (3-12) months. It is important to fill the cooler with ice on
the bottom and then place meat and then cover with extra ice for the good meat
preservation and making sure that meat is surrounded by ice to ensure complete and
uniform freezing (Rajendran et al., 2019).

All the foods which includes meat begins to freeze at specific temperatures about (
— 6°C) depending upon their cellular composition. If the food is slowly frozen, the ice
crystal formed can be larger which cause the rupture of cells and the destruction of
texture in meat, fish, vegetables, and fruits. To overcome this problem, the approach
of quick-freezing has been developed in which a food is cooled under its freezing
point as quickly as possible. The final product obtained tends to have a firm and
natural texture than the slow frozen technology when it's thawed. It is vital to maintain
at temperature at or under( -12°C) in case of the product needs to have good shelf life
without losing its flavor . This technology may change the texture of most of the fruits
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and vegetables however meats and fishes are doing well for this technology (Rahman
et al., 2007 and Rajendran et al., 2019).

2.9:Diagnostic Methods for Enumeration and Detection of Frozen

Food bacteria:-

2.9.1: Traditional Methods:-

Traditional detection ways depend on selective cultivation techniques concerted
with standard biochemical identifications. These methods have the advantage of being
a waste of time and repeated attempt, sampling and enumeration by mistake, because
pathogenic bacteria can be present in small numbers. In fact, the low throughput of
these traditional methods does not allow rapid screening of large numbers of food
samples for one or more pathogens (Abubakar et al., 2007 and Chen et al., 2012).

Many bacterial species found in frozen meat ,meat and chicken products have been
studied and discovered ,which have cause the spoilage food or foodborne diseases and
their resistance to antibiotics from this species such as Staphylococcous spp. ,
Alcaligenes spp. ,Klebsiella spp. ,Enterococcus spp. ,Actinobacillus spp. ,Proteus
spp.( Sultana et al., 2014).

Some researchers studied the bacterial contamination in frozen beef meat product
by using biochemical test like API Strips and Automated Vitek2 Compact System and
they found the most important species were Lactobacillus spp., Kocuria kristinae ,
Proteus mirabilis, Klebsiella pneumonia, Bacillus badius, Enterobacter gergoviae,
Bacillus licheniformis ( Ahmed and Sabiel, 2016) ,while the others studied the most
important species of bacteria in poultry meat like Haleem et al. (2013) they found
Pseudomonas, E.coli, fecal Streptococcus, Staphylococcus, Salmonella, fecal
coliform.

2.9.2: Molecular Methods :-
2.9.2.1: Conventional Polymerase Chain Reaction ( Monoplex PCR) :-
PCR is the most famous and confirmed nucleic acid amplification technique for

detection of pathogenic microorganisms as mentioned by DeCory et al., (2005) and

18



CRAPLEr EWO.......oc v v isvis vss vas wsn ssn ssn sn ssn san san son sen wen wen e e LIC @ @t Ures Review

Zhao et al., (2014). The double-stranded DNA in this method was denature into single
strand and the specific primers or single-stranded oligonucleotides anneal to the DNA
strands ,and then followed by extension of the primers complementary to the single
stranded DNA, with a thermostable DNA polymerase. These steps are frequent, and
resulting in doubling of the initial numbers of target sequences with every cycle. This
quantum of products of amplification can be imaged as a bundles on an ethidium-
bromide stained electrophoresis gel ( Zhao et al., 2014).

Identification based PCR amplification of target genes by sequencing is considered
to be a dependable technique when completely developed and validated for a certain
species. With the special advantages of rapidity, sensitivity, specificity, and less
samples over culture-based methods, much of PCR assays for the detection and
validation of foodborne bacteria and viruses in food have been progressing and
applied in food samples ( Ikeda et al., 2007).

In the last years, rapid nucleic acid amplification and detection technologies have
been continuously applied to pathogen recognition in food industry. Newly, the real-
time polymerase chain reaction has successfully been perfect to identify pathogens in
different food products. Whilst , these methods are not only very costly for routine use
in common testing laboratories, limited to two or three different types of pathogenic
bacteria per detection assay (Wang et al., 2007; Elizaqui "vel and Aznar 2008; Suo et
al., 2010).

2.9.2.2:Multiplex Polymerase Chain Reaction (m-PCR):-

Some researchers have relied on molecular diagnostics by using PCR ,Multiplex
PCR or Nested PCR methods for detection of foodborne pathogens such as Vibrio
cholera , E. coli O157:H7 , Salmonella spp. , Vibrio parahaemolyticus,
Staphylococcus aureus and Listeria monocytogenes (Lei et al., 2008).

Kawasaki et al., (2009) they detect Salmonella spp., Listeria monocytogenes, and
Escherichia coli O157:H7 in foods and in food subjected to freezing by using

19



CRAPLEr EWO.......oc v v isvis vss vas wsn ssn ssn sn ssn san san son sen wen wen e e LIC @ @t Ures Review

Multiplex PCR System , as well as Elbasheir et al., (2019) were isolated of 30 bacteria
obtained from swabs of 30 fresh chickens carcasses.

The simultaneous amplification of more than one locus is wanted for a fast
detection of multiple microorganisms in a single reaction. It is a methodology express
it as multiplex PCR (mPCR), where the sundry specific primer sets are combined into
a single PCR test (Chamberlain et al. 1988 and Zhao et al., 2014) .Clearly, the primers
design is a key factor in the development of a multiplex PCR assay. May be there
some interaction between the multiple primer sets, so the primer concentrations may
be adjusted in order to produce reliable yields of all the PCR products. while, the
primer sets should be prepared with a similar annealing temperature, whereas
providing a method to distinguish between amplicons following thermal cycling.

Now a day, m PCR can also be beneficial to define the structure of confirmed
microbial communities and to estimate the community dynamics, during fermentation
or in response to environmental variations( Kong et al., 2002 ; Kupradit et al., 2013;
Zarei et al., 2013).

Multiplex PCR jointly detecting sundry pathogens in a single-tube reaction has the
possibility of provision time and tension , reducing testing related laboratory costs
(Perry et al., 2007 and Chen et al., 2012).

Effective detection techniques are a prerequisite for the invention and identification
of pathogenic bacteria in foods, food sources, and food processing plants. Because of
the conventional culture method for detecting pathogens (Figure 2.1, left side) is time
consumption, results are extremely not available while the food has been either
released to the markets or consumed, this one increasing the risk of transmission of
pathogens. Pathogens are oftentimes present in very low numbers against a
background of native microflora, requisition the recovery of target organisms difficult
(Kawasaki et al., 2011)

Sensitive and rapid assays with high specificity are wanted for the detection of
pathogenic bacteria in foods and another types of samples. PCR-based methods have

the possibility for the rapid and sensitive detection of food-borne pathogens (Figure
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2.1, right side). As a result of PCR the target unique genetic sequences, like the
virulence genes of microorganisms, it has the advantage of being in the extreme
specific assay. The multiplex PCR method has ability to determination the presence of
E. coli , Salmonella spp., and L. monocytogenes directly from enrichment cultures

via targeting the specific DNA sequences of every pathogen (Kawasaki et al., 2005
and Kawasaki et al., 2010) .

Sampling

Tradtional E

method e —— Muluplex PCR method
i PR B —

—
Pre-Enrichmen 4 i LY i N s | Pre-Enrichmen N
% o i Ao ao s 5 e & @

(> 24hr.) l l (> 20hr. )

l |
Selective Enrichment 9 ﬂ H Simple DNA Extract
( 24hr.) ) (<2hr)
Isolation . - " 8 PCR Amplification
( 24hr.) = { (2hr)
Identification l l l Electrophoresis l
(> 24hr. ) - (<1hr.)

l l l Salm. —
3 List. —»
Serological assay Sl ol /aa? 0157 —»
( <6hr.) Salm. List O157 ’

> 4 days 2 days

Figure 2.1 Schematic representation of detection procedure of conventional
culture method and multiplex PCR method (Kawasaki etal., 2011).

2.9.3:16 S r RNA Sequencing:-

Ribosomal RNA sequences and specially the 16S r RNA represented the most
important current targets of study in bacterial evolution and ecology. Including the
determination of phylogenetic relation among taxa , the exploration of bacterial
diversity in the environment and the quantification of the relative abundance of taxa of
different ranks (Hugenholtz et al., 1998 ; Vétrovsky and Baldrian, 2013).
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Woo and his team (2000) and Suardana (2014) showed that after the invention of
polymerase chain reaction (PCR) and automated DNA sequencing, the genome of
some bacteria had been sequenced completely. Comparison of the genomic sequences
of bacterial species appear that the 16S ribosomal RNA gene is highly conserved
within a species , among species of the same genus . So, could be used as the new gold
standard for the specification of bacteria.

For the study of bacterial phylogeny and taxonomy, 16S rRNA gene sequences are
very helpful . The gene presence almost all bacteria, often existing as a multigene
family or operons, the function of the 16S rRNA gene over time has not changed,
suggesting that random sequence changes are a more accurate measure of time and the
16S rRNA gene (1500 bp) is large enough for informatics purposes (Patel , 2001).
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Chapter Three

3. Materials and Methods:-

3.1. Materials:-
3.1.1: Apparatuses and Tools:-

Apparatuses and tools used in this study are summarized in table (3-1).

Table ( 3-1): Apparatuses and tools that used in this study.

NO. Apparatus and Tool Company/Origin
1 Autoclave Hirayama/ Japan
2 Beakers Iso Lab/Germnay
3 Burner Indiamart/India
4 Biosafety Cabinet Lab Tech/France
5 Colony counter Boeco/Germany
6 Cooling Centrifuge Eppendrof/Germany
7 Cylinder Iso Lab /Germnay
8 Disposable Petri dishes Al- Hani company/Lebenon
9 Electrophoresis apparatus Consort/Belgium
10 Eppendrof tubes Bioneer /South Kourea
11 Flask (250,500,1000) Iso Lab/Germnay
12 Gel Documentation Vilber lourmat/France
13 Gloves Broche/Malaysia
14 Incubator Human Lab/Korea
15 light Microscope Olymps/Japan
16 Micropipettes DragonMED/China
17 Oven Memmert/Germnay
18 Refrigerator Vistal/Poland
19 Sensitive Balance Sartorius/Germnay
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20 Slides and coveslides Superestar/India

21 Spectrophotometer Shimadzu/India

22 Standard wire loop John Bolten/England
23 Test tubes AFCO-Dispo/Jordan
24 Tips Sterellin Ltd./UK
25 Thermal cycler apparatus Prime /UK

26 U.V -Transilluminator Electrofor /lItaly
27 Vortex mixture Medilab/South Korea
28 Vitek2 compact system Biomerieux/ France
29 Water path Memmert/Germnay

3.1.2 : Chemical and Biological materials :-
The chemical and biological materials that used in current study in table (3-2).
Table (3-2): Chemical and Biological materials used in the present study.

No. Material Company /origin

1 Absolute Ethanol Scharlau /Spain

2 Agarose Biobasic / Canada

3 50X TBE (Tris- Boric acid EDTA)

4 DNA Ladder (100bp) Bioneer / South Korea
5 Ethidium bromide Promega / USA

6 Free water-Nuclease

3.1.3 : Culture Media :-
The culture media which used in the present study are listed in the table(3-3).

Table (3-3) : Culture media which used in the present study.
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=z
=

Media

Company/ Origin

Blood agar base

MacConkey agar

Mannitol Salt agar

Nutreint agar

Nutreint broth

Himedia(India)

Peptone water

Bio lab (India)

Sorbitol MacConkey agar

| N oo o | W DN =

Thiosulfate Citrate Bile Sucrose
Cholera (T.C.B.S)

Oxoid (UK)

3.1.4 : The Kits :-
The kits which used in the current study are listed in the table (3-4).
Table (3-4) : The kits which used in the present study.

No. Kit Purpose Company
/Origins
1 Gram stain Differentiation of Himedia /India
shape and strain of bacteria
2 |Presto ™ Minig penomic Extraction bacterial| Geneaid /Taiwan
DNA Bacteria DNA
3 | Vitek 2-GP Kit Identification of Gram
Positive bacteria Bio Merieux
4 | Vitek 2-GN Kit Identification of Gram France
Negative bacteria
3} AccuPower® primer by For amplified
PCR PriMix PCR Bioneer/South
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3.1.5 : The primers:-

....................................... Materials and Methods

6 AccuPower®
PCR MultiMix

For amplified Special

Korea

primer by PCR

The primers used in this study were prepared by Bioneer company ( South Korea)

as described by Miyoshi et al., (2005) for universal primer and by Lei et al., (2008) for

special primers as summarized in table (3-5).

Table (3-5) : The primers which used in the present study.

No. Bacteria Target Primers sequencing PCR
genes 5'— 3 Product
size(bp)
1 All bacteria 16S rRNA (27 F5- AGAGTTTGATCCTGGCTCAG 3" | 1500
(universal) 1492 R5- GGTTACCTTGTTACGACTT
3
2 | Vibrio cholerae ctxAB |TGA AAT AAA GCAGTCAGGTG 777
GGTATT CTG CAC ACA AAT CAG
3 | E. coli O157:H7 Stx TGGGTTTTTCTTCGGTAT CC 632
CCAGTTCAGAGT GAG GTCCA
4 | Salmonella spp. INVA TACTTAACAGTGCTCGTTTAC 570
ATAAAC TTCATCGCACCGTCA
5 Vibrio thh CGGATT ATG CAG AAG CACTG 444
parahaemolyticus ACTTTCTAGCATTTTCTCTGC
6 | Staphylococcus nuc |GCGATT GAT GGTGATACGGTT 270
aureus AGC CAAGCCTTGACG AAC TAA AGC
7 Listeria hly GCATCTGCATTC AAT AAA GA 174
monocytogenes TGTCACTGCATCTCCGTGGT
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3.2 : Methods :

The general steps of the current study are shown in figure (3-1).

Samples collection from commercial markets in Misan Governorate

100 samples (50 chicken and 50 meat product)

[ Isolation of bacteria ]

[ Preparation of sample ]

225 ml of sterile pepton water

[ Weighing about 25 g from each samples and stomaching with }

[ Enumeration of bacteria by pour plate technique }

[ Confirmatory identification 5

y y

[ Molecularstudy] Vitek2 system

[ DNA extraction

|

Preliminary identification

-_—

!

Routinely culture on Nutrient , Blood

, MacConkey and special media

(

.

Gram stain ]

y

[ Special primers ]

.

Universal primer 16s RNA}

Vs

[ Multiplex PCR } Monoplex PCR }——{ Sequencing ]

-

Figure (3-1) : The most important steps in the present study.

27



Chapter Three.......cceeeeeiiineieiaeieieascanenns Materials and Methods

3.2.1 : Samples Collection :-

In this study,100 samples of frozen food were collected randomly from the markets
of Misan governorate which included:
1- Meat products ,represented by (burger — sausage — kebab — shawarma -minced
meat) where 10 samples for each product were collected .
2- Chicken products ,represented by (chest — thigh- liver- burger- kebab) where 10

samples for each product were collected .
-The samples included local and imported companies .

3.2.2. Preparation of Culture Media :-

All media were prepared according to the manufacturing companies instructions;
they were brought to boil in water bath to dissolve all constituents completely, and
then sterilized by autoclaving at 121°C for 15 min , otherwise the media were
incubated at 37°C for 24h to ensure sterility . The type and the purpose of media used
in the current study listed in the table (3-6).

Table (3-6): The media used in the current study and their purpose .

No. Medium The purpose of used

1- | Nutrient agar used for the primary isolation and studying the cultural

and phenotypic properties of the isolated bacteria.

2- | Blood agar detect the ability of bacterial isolates to produce the

hemolysin .

3- | MacConkey agar diagnosing lactose-fermented bacteria.

4- | Sorbitol used to distinguish the pathogenic E. coli O157:H7 which
MacConkey agar unable to ferment sorbitol from nonpathogenic E.coli

which ferment it .

5- | Mannitol Salt agar | used for identification of Staphylococci

28




Chapter Three.......cceeeeeiiineieiaeieieascanenns Materials and Methods

6- | TCBS Cholera used for isolation and identification of Vibrio spp.

7- | peptone water used in primary enrichment of growth of bacteria .

3.2.3: Sterilization Methods:-
3.2.3.1: Sterilization by Dry Heat :-
The glassware was sterilized by oven at 150 °C for two and a half hours.

3.2.3.2: Sterilization by Autoclaving:-
The culture media were sterilized by autoclaving at 121C for 15 minutes under

pressure 15 psi.

3.2.4: Isolation of Bacteria from Frozen Food Samples:-
The procedures of Khalafallah et al., (2020) and Hafez et al., (2019) were used for

the isolation of bacteria from frozen food samples with some modification :

The samples were collected and transferred directly to the microbiology laboratory
at the collage of science under aseptic conditions to start working on them while
they are in the frozen state .

Twenty five grams of each examined samples were weighed by sterile sensitive
balance where they were taken from different parts of the samples tested then, placed
into sterile flasks to which, 225 ml of 0.1% sterile buffered peptone water were
aseptically added to the content of flasks. Thereafter, each sample was homogenized
in a blender at 2000 rpm for 1-2 minutes to provide a homogenate of 1/10 dilution.
One ml from the original dilution was transferred by sterile pipette to the first sterile
tube having 9ml sterile buffered peptone water 0.1% (1071) , after mixing well, one
milliliter was taken from the same tube (1071) transferred to the second tube (1072)

and this process continued sequentially until reaching dilution (1071°).
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After completing the serial dilutions, 0.1 ml of the dilution 1071° was taken and
deployed by sterilized swabs on the surface of the nutrient agar. The plates were
inverted and incubated at 37 ° C for 24 hours.

After 24 hours growing colonies on the nutrient agar were counted by colony
counter. The CFU/ml was calculated :

CFU per ml = No. of colonies * dilution factor/ volume of inoculum

Finally, the bacterial isolates were purified by making several subcultures of

the colonies, to be ready for morphological, biochemical and molecular tests .

3.2.5: Identification of Bacteria:-
3.2.5.1: Conventional Tests:-

The growing colonies of bacterial species isolates were initially identified
depending on:

3.2.5.1.1: Morphological Characterization of Bacteria :-

The morphological characteristics of the growing colonies of bacteria include color,
size, form, elevation and margin of the colonies on ordinary, enrichment, selective and
differential media ( Nutrient agar, Blood agar, MacConkey agar, Mannitol salt agar,
MacConkey sorbitol agar and TCBS agar) and incubated as concerning with the

certain bacteria (Goldmann and Lorrence, 2009).

3.2.5.1.2: Gram Staining:-
Gram stain were used to differentiate shapes of bacterial isolates and to distinguish

between Gram positive and Gram negative bacteria (Beveridge, 2001) .

3.2.5.1.3: Identification by Vitek2 Compact System:-
In current study the Vitek2 system was used in order to confirm the diagnosis of

bacterial isolates from Frozen food. The system requires a bacterial suspension from
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the suspected bacteria, which placed in the inoculated tube and after that the
suspension was transferred to the card, which is incubated in thermally controlled
conditions. As a result of the metabolic activity of the bacteria the colors changes in
the card, and every 15 minutes are measured in interrupted form by light intensity.

Finally, the information stored, analyzed and printed automatically (Pincus, 2006).

The steps are described in more detail as follows :
I- Preparation of Bacterial Suspension :

A suitable number of bacterial colonies are transferred by a sterile disposable loop
from pure culture which grown on MacConkey agar, blood agar or nutrient agar, and
suspended in sterile saline solution 0.45% (3 ml) in a clear plastic test tube. The
density of suspension was checked after adjusted the turbidity by turbidity meter
(densichek) at the range (0.5- 0.63).

I1- Inoculation of Identification Card :

Apparatus of integrated vacuum was used for inoculated identification card with
bacterial suspension ,the cassette (special rack) was placed in test tube containing the
bacterial suspension in the neighboring slot the identification card was placed. While
inserted into the corresponding suspension tube( transfer tube). The cassette can
accommodate up to 10 tests or up to 15 tests. After that, the filled cassette placed
either transported automatically or manually into a vacuum chamber station. After, the
air reintroduced and vacuum was applied into the station, the bacterial suspension
inserted and forced through the transfer tube into microchannels which that filled all
the test wells.

I11- Card Sealing and Incubation :
A mechanism was used to passed an inoculated card which cuts off the transfer tube
and then locks the card before it is loaded into the carousel incubator. The carousel

incubator can hold up to 30 or up to 60 cards, all card kinds were incubated on-line at (
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35.5 + 1.0° C). Each card is transferred once every( 15 minutes) from the carousel
incubator, transported for reaction reading by the optical system. Then returned to the
carousel incubator until the next reading time. Data collected during the entire

incubation period at (15 minutes) intervals.

3.2.5.1.4: Methods of Short and Long -Term Preservation:-

Nutrient agar was distributed in screw cap tubes in 20 ml quantities sterilized and
left slant to solidify then it is incubated for 24 hours to ensure that it is free of
contamination ,the inclined surface was inoculated with bacteria by screening then
incubated at 37° C for 24 h and stored at 4°C.

The bacteria were transferred to a new medium, each month to activate the isolates
and avoid contamination (Collee et al., 1996). For long preservation, Nutrient broth
supplemented with 15%. glycerol had been used to frozen at temperature(-20 °C) for
several months or year (Collee et al., 1996).

3.2.5.2: Molecular Identification:-
For molecular detection of some genes of bacteria isolated from frozen food,

Polymerase Chain Reaction (PCR) assay was performed as following :

3.2.5.2.1: Genomic DNA Extraction:-
Genomic DNA Mini Bacteria Kit was used to extract Genomic DNA from bacteria

according to the company's instructions, as follows :-

Step 1: Sample Preparation:-

e One milliliters of fresh culture(pure colonies) was added to a 1.5ml of micro
centrifuge tube.

*The micro centrifuge tube was centrifuged for 1 minute at 14,000 rpm. ,then the

supernatant was discard.
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» One hundred and eighty microliters of GT buffer were added by micropipette. Then
the cell pellet was re suspended by the vortex apparatus.

*Twenty microliters of proteinase K (should be dilution by added of distilled water)
was added and incubated for 10 minutes at 60° C in the incubator , the tubes were

inverted during incubation every 3minutes.

Step 2: Lysis Step:-

*Two hundred microliters of GB buffer was added to the sample and mixed well for
10 seconds by vortex .

*The tubes was incubated at 60° C for at less 10 minutes to ensure the sample lysate is
clear, the tubes was inverted every 3 minutes during incubation. At this time the
Elution buffer was pre-heated (200ul per sample) to 70° C (for step DNA Elution) by

used water bath apparatus.

Step 3: DNA Binding:-

O0Two hundred microliters of ( absolute ethanol) was added to the sample lysate and
mixed immediately by shaking vigorously.

O0Two milliliters of GD column was placed in a collection tube.

¢ The mixture (including any insoluble precipitate) was transferred to GD

column then the mixture was centrifuged for 2 minutes at 14,000 rpm.

O0Two milliliters of the collection tubes containing the flow-through were discard.
0The GD column was placed in two ml a new collection tube.

Step 4: Washing Step:-

- Four hundred microliters of ( W1 Buffer) was added to the GD column and then
centrifuge for 30 seconds at 14,000 rpm then discard the flow through ,the GD column
were placed back in two ml collection tube.
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- Six hundred microliters of wash buffer (make sure added of ethanol) was added to
the GD column, then centrifuge for 30 second at 14,000 rpm after that discard the flow
through, the GD column were placed back in two ml collection tube .

- The columns matrix were centrifuge for 3 minutes at 14,000 rpm to dry.

- The dried GD column was transferred to 1.5ml a clean micro centrifuge tube.

Step 5:Elution:-

*The preheated( Elution Buffer) was added into the center of the column matrix.

*The tubes were left at least 3 minutes to allow Elution buffer to be completely
absorbed.

 The tubes was placed in Centrifuge for 30 seconds at 14,000 rpm to elute the purified
DNA which was stored at 2-8° C.

3.2.5.2.2: Detection of DNA Content by Agarose Gel Electrophoresis:-

Agarose gel was prepared according to Sambrook and Russell (2006) with some
modification used to confirm the integrity and presence of extracted DNA of bacterial
isolates and performed as following:-

1- One hundred of( 1X TBE buffer) was taken in a flask.

2-One gram of agarose powder was added to 100 ml of (1X TBE buffer).

3-The solution was heated up to boiling point by using a microwave until all the gel
particles were dissolved.

4- Four microliters of ethidium bromide (0.5 pg/ml) was added to the agarose solution,
and then stirred the agarose in order to get mixing.

5-The solution was left to cool at the room temperature.

6- The agarose solution was poured into the gel tray, and fixing the comb from one
edge in 1 cm away .
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7- The agarose was left until solidify for 30 minutes at room temperature. After that
the fixed comb was removed carefully and the gel tray was placed in the gel tank. The
tank was filled with 1X TBE buffer, until the buffer covered (3-5 mm) the surface of
the gel.

8- Five microliters of DNA sample was transferred to Eppendrof tube and 2ul of
loading dye was added to the tube and mixed well ,then the mixture was loaded into
the wells in agarose gel. Electric current was applied, 80 volts for 1hour. Finally, the

bands were visualized at wave length 350 nm on a UV transiluminator apparatus.

3.2.5.2.3: Preparation of Primers Solution:-

The primers stock solution were prepared in a final concentration (pmol/ pl) ,as
described for each primers by dissolving the lyophilized oligonucleotide in deionized
water .For prepared( 10 pmol) concentration of work solution ,10 ul of stock solution
were re-suspended in 90 ul of deionized water.

3.2.5.2.4: Master Mix:-

The master mix components were mentioned in table (3-7) and (3-8):

Table (3-7): Master Mix (AccuPower®PCR PreMix) used in Monoplex PCR.

No. Component Reaction volume
25 pl reaction

1- Tagq DNA polymerase 1U

2- | ANTPs (dATP,dCTP, dGTP, dTTP) 250 uM each

3- Tris-HCL(PH 9.0) 10 mM

4- KCI 30 mM

5- MgCI2 1.5 mM

6- Sterilizer and tracking dyel Trace
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Table (3-8): Master Mix (AccuPower®Multiplex PCR PreMix) used in Multiplex
PCR:

No. Component Amount (25ul)
1- Taq DNA polymerase 1U

2- | Pyrophosphatase and pyrophosphate

3- | dNTPs (dATP, dCTP, dGTP, dTTP 250 uM each
4- | Reaction Buffer with 2Mm MgCI2 1x

5- Sterilizer and tracking dye

3.2.5.2.5: Monoplex PCR Protocol:-
The protocol used according to the instructions of the manufacturer Bioneer . All
components of PCR were assembled in PCR tube and mixed by cooling

microcentrifuge for 10 seconds at 850 rpm.

The Steps of Monoplex PCR were Conducted as Following :-

1- Template DNA and Primers were dissolved before usage.

2- Primers and template DNA were added into the AccuPower®. Tag premix tubes as
shown in table (3-9).

3-The lyophilized blue pellets were completely dissolved and spin down

by using vortex apparatus.

4- The PCR Eppendorf tubes were placed in the thermocycler apparatus.

The appropriate PCR program conditions with some modifications according to
Miyoshi et al., (2005) for universal primer shown in table (3-10).

Table (3-9) : The volume of mixture of PCR.

NO. PCR Master mix Volume (ul)

1- DNA template 4 ul

36



Chapter Three.......cceeeeeiiineieiaeieieascanenns Materials and Methods

2- Forward primer 1l
3- Reverse primer 1ul
4- Master Mix Sul
5- Free inonized water 14 ul
6- Final volume 25 ul

Table (3-10): Monoplex PCR program.

PCR step Temperature(°C) Time Repeat | Reference
Initial denaturation 94 1min 1
Denaturation 94 Imin 3 o
Annealing 52 35sec 30 cycle g é
Extension 72 1min S T
Final extension 72 7min 1

3.2.5.2.6: Multiplex PCR Protocol:-
The protocol used according to the instructions of the manufacturer Bioneer. All
components of multiplex PCR were assembled in PCR tube and mixed by cooling

microcentrifuge for 10 sec at 850 rpm.

The Steps of Multiplex PCR were Conducted as Following :

1- Before used, specific primers and template DNA should be dissolved.

2-Template DNA and specific primers were added into the AccuPower®. Multiplex
PCR Taq premix tubes as shown in table (3-11).

3- The lyophilized green pellets were completely dissolved and spin down by using
vortex apparatus.

4- PCR ( Eppendorf tube) were placed in the thermocycler apparatus .
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The appropriate PCR program conditions with some modifications according to Lei et
al., (2008) . as shown in table (3-12).

Table (3-11) : The volume of mixture of Multiplex PCR.

NO. PCR Master mix Volume (ul)
1- DNA template 1ul
2- Sex special primers 1 pl for each one
3- Master Mix S5ul
4- Free inonized water 13ul
5- Final volume 25 ul

Table (3-12): Multiplex PCR program.

PCR step Temperature(°C) Time Repeat | Reference
Initial 95 3min 1
denaturation
Denaturation 95 60sec §§
Annealing 55 90sec @
Extension 72 90sec 35 cycle f__.t;
.
Final extension 72 10 min 1
Hold 4

3.3: Statistical Analysis:-

Extract the mean and standard deviations of total aerobic plate count, and the data
were analyzed using the statistical program Social Package of Social Sciences (SPSS)
version 22, using independent samples T-test to calculate the statistical differences
(Al- Rawi and Khalf Allah, 2000).
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4. Results :-

4.1: Samples collection:

In present study , 100 samples of frozen food randomly collected from the
commercial markets in Misan Governorate in a period of six months starting from
November 2020 till April 2021 , the samples were immediately transferred under

aseptic conditions to the laboratory .

4.2 : Isolation and lIdentification of Bacteria :-
4.2.1: lsolation and Numeration of Bacteria by Total Aerobic Plate Count
(APC):-

Forty-one of bacterial isolates were isolated from frozen food samples (meat and
poultry products) and numerated by using serial dilutions on the nutrient agar ,it is
easy to perform and a large number of organisms can be counted as CFU/ml,as show
in figure (4-1). Statistical analysis results of total aerobic plate count results showed
in table (4-1) and table (4-2).

The results in table (4-1) show that the imported burger ,sausage and shawarma
samples had mean values 2.52x10%3b +1.44x1013, 3.86x10%3 ® +2.92x10'3and
2.78x10%13 o£1.12x10%3respectively while the local samples have mean values which
were2.32x1013 v +1.06x1013, 2.85x1013 v +0.16x1013 and 2.99x1013 «+2,18x1013
respectively ,so the imported samples of these three types of meat products had
highest value of APC than that of local samples and the statistical analysis of results
revealed that there were a significant differences (P<0.05) between imported and
local burger and sausage samples while there were no significant differences(P>0.05)
between imported and local shawarma samples .

The minced meat samples from L1 have mean value 5.56x10*22+3,10x10?higher
than the samples of L2 which have 2.59x10!3 «+0.4x10%3 so the samples from L1
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had highly values of APC than the L2 samples , kebab from L1 have mean value
2.46x1013 © +1.81x10%3while the samples from L2 which have
1.24x10%3 » + 0.19x10!3 so the kebab samples from L1 have highly APC than the
samples from L2. The statistical analysis of results for these two products showed that

mean value

there were significant differences(P<0.05) between L1 and L2 of kebab samples while
there was no significant differences (p>0.05) between L1 and L2 of minced meat
samples.

Table (4-1): Statistical analytical results of total Aerobic Plate Count (APC) in

the examined samples of meat products (n=50).

Meat product | Type | Min* Max* Mean * Std Dev*
Burger | 1.72x1013 3.20x1013 2.52x1013° +1.44x1013
L 8.30x10'2 2.13x10*3 2.32x10*3 v +1.06x10*3
Sausage I 5.60x10%2 1.92x1013 3.86x10%3 b +2.92x1013
L 2.57x1013 2.98x1013 2.85x10%3°+0.,16x1013
Minced meat |L1 |1.12x10%3 8.3x10'2 5.56x10%29+3,10x10%2
L2 2.32x1013 3.3x1013 2.59x1013 «+0.4x1013
Shawarma I 1.28x1013 4.1x10%2 2.78x1013 «+1,12x10*3
L 1.25x1013 6.6x1012 2.99x1013 «+2,18x1013
Kebab L1 |1.87x10'3 2.91x1013 2.46x1013 v +1.81x10%3
L2 3.10x10%2 2.67x1013 1.24x1013 v +0.19x1013

Note: Std Dev* = standard deviation of mean / Min* = minimum / Max*= maximunv 1= imported /
L= local. The value represents ( meant Std Dev), Vertically similar letters indicate that there are no
significant differences (P>0.05), different letters vertically between the values indicate that there are
significant differences (P<0.05).

The results in table (4-2) showed that the imported liver ,chest ,thighs and burger
samples had mean values which were 1.89x10%% °® #1.22x101% | 2.91x1013 ©®
+2.16x1013, 2.78x1013 v +£1.26x1013 and 2.59x1013 ® +2.07x103 respectively while
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the local samples of these type have mean value 9.2x10%% ® +4.7x10%2, 1.83x1013 ®
+1.19x1013, 1.64x1013 ® +0.13x101 and 1.66x10%3 b +1.29x10'3 respectively, so
the imported samples of these four types of poultry products had highest value of
APC than that of local samples. The statistical analysis of results revealed that there
were a significant differences (P<0.05) between imported and local samples for each
type of them. The Kebab samples from L1 have mean value 2.09x1013 « +1.23x1013
while the samples from L2 have mean value2.23x1013 « +1.49x1013 so the APC of
kebab samples from L2 is more than the APC of L1 samples and the statistical
analysis of results for this product showed that there was no significant
differences(P>0.05) between kebab samples from L1 and L2.

Table (4-2): Statistical analysis of results of total Aerobic Plate Count (APC) in
the examined samples of poultry cuts and products (n=50).

Poultry cuts | type | Min Max Mean + Std Dev*
products &
Liver I 6.90x1012 2.06x1013 1.89x1013® +1.22x1013
L 8.80x1012 9.50x1012 9.2x1012 b +4,7x1012
Chest [ 2.45x10"3 3.73x10*3 2.91x10*3 +2,16x10%3
L 7.80x1012 2.56x1013 1.83x10%3 v +1.19x1013
Thighs I 2.54x1013 3.00x1013 2.78x1013 v +1.26x1013
L |7.30x10%2 2.93x10"3 1.64x10%3 % +0,13x10%3
Kebab L1 |8.50x10%2 2.99x1013 2.09x1013 « #1.23x1013
L2 [1.97x10%3 2.81x1013 2.23x1013 « £1.49x1013
Burger I 1.98x10%3 3.00x1013 2.59x1013 b +2,07x1013
L 1.55x1013 2.01x1013 1.66x1013® +1.29x1013

Note: Std Dev* = standard deviation of mean / Min* = minimum / Max*= maximunV I= imported /

L= local. The value represents ( meant Std Dev), Vertically similar letters indicate that there are no
significant differences (P>0.05),different letters vertically between the values indicate that there are

significant differences (P<0.05).
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— & e
Figure (4-1):(A)The number of bacterial colonies (215), (B) the number of

bacterial colonies more than 300(TNTC).

4.2.2: Preliminary Ildentification of Bacteria:-

Several subcultures were done to obtain pure culture of bacteria (Appendixl).
Gram stain was showed that Gram negative bacteria was most common in meat
product (52%) while Gram positive bacteria represent (48%) . In poultry samples
Gram stain showed that Gram positive bacteria was the most dominant isolates (59%)

with (41%) the percentage of Gram negative bacteria .

The forms of bacteria were ranged from cocci, bacilli and variable pleomorphic
(Appendix 2).

All the bacterial isolates have shown good growth onthe blood agar with different
patterns of hemolysis (Appandix 3A). The Gram positive bacteria didn't show any
growth on the MacConkey agar while the Gram negative bacteria were grow very well
(Appandix 3B).
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4.2.3: Diagnosis of Bacteria by Vitek2 Compact System :-

The characteristic of bacterial growth on selective media is not enough for final
detection of bacteria. All isolates should be examine biochemically, in this study we
used Vitek2 compact system for this purpose ,only five bacterial isolates were not
detected by this system .The result in table (4-3),Appendix (4) and in figures (4-2),(4-
3) showed the type and percentage of bacteria that isolated from meats and poultry
products samples .

Table (4-3) : The results of vitek2compact system to bacteria that isolated from
meat and poultry products samples .

Bacterial Bacterial identification by vitek2 compact
Isolate
M1 Pseudomonas alcaligenes
M2 Aeromonas salmonicida
M3 Klebsiella pneumonia ssp. pneumonia
M4 Francisella tularensis
M5 Pseudomonas stutzeri
M6 Aeromonas sobria
M7 Acinetobacter baumannii complex
M8 Pseudomonas putida
M9 Serratia liquefaciens group
M10 Pseudomonas oryzihabitans
M11 Misidentified
M12 Granulicatella elegans
M13 Granulicatella adiacens
M14 Staphylococcus sciuri
M15 Lactococcus lactis ssp. lactis
M16 Kocuria rosea
M17 Aerococcus viridans
M18 Misidentified
M19 Kocuria rhizophila
M20 Staphylococcus warneri
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M21 Staphylococcus epidermidis
M22 Staphylococus equorum
M23 Acintobacter Iwoffii
M24 Enterobacter cloacae complex
M25 Aerococcus urinae

P1 Staphylococcus lentus

P2 Serratia ficaria

P3 Misidentified

P4 Enterococcus columbae

P5 Serratia plymnthica

P6 Staphylococcus hominis ssp. hominis

P7 Escherichia coli

P8 Staphylococcus auricularis

P9 Sphingobacterium spiritivorum
P10 Rosomonas gilardii

P11 Klebsiella oxytoca

P12 Sphingomonas paucimobilis
P13 Staphylococcus vitulinus
P14 Rhizobium radiobacter
P15 Misidentified
P16 Misidentified

Note: M=Meatsamples /P = Poultry samples .

o I/Burger

Percentage %

Bacteria
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Figures (4-2): The percentage of bacteria that isolated from meat products samples

Note: 1= Imported samples L= Local samples
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L2/Kebab

18.7
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Figures(4-3): The percentage of bacteria that isolated from poultry products
samples.

Note: I= Imported samples L= Local samples

4.2.4: Detection of Bacteria by Molecular Techniques:-
A large number of methods have been developed to detect bacteria that cause food
contamination and human diseases . Among them molecular methods have become

popular and reliable techniques for differentiating pathogenic strains and hygiene
screening of food samples.

4.2.4.1:Multiplex Polymerase Chain Reaction (m-PCR):-

In the current study, the Multiplex PCR technique was used to ascertain the
presence of common bacterial species in meat by amplification of six special primers
for bacteria which did not appear in the preliminary diagnosis of bacteria, also did not

appear in the results of the Vitek2compact system . No positive result was obtained, as
shown in Figure ( 4-4).
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Figure (4-4):The negative results of Multiplex PCR.

4.2.4.2:Monoplex Polymerase ChainReaction (PCR)of 16Sr RNA gene :-

The bacterial universal primer pair specific to 16SrRNA gene fragment was used to
identify bacterial isolates; positive results were recorded for all bacterial selected with
an amplification band corresponding to 1500 bp, confirming that all isolates were

bacterial species(Figure 4-5).

L MiM2 M3 M4 M7 M9 M11M14 M17 M18 M£P3 P7 P10 P12 P14 P15 P16

2000 pb
1500pb
1000pb

Figure (4-5) : Ethidium bromide stained gel electrophoresis of the 16s rRNA gene
of bacterial isolates (1500) lane (L) represents the molecular ladder (100bp) and
lanes (M1-4,7,9,11,14,17,18,24)(P3,7,10,12,14-16) represents positive PCR results

on 2%agarose gel electrophoresis with 80 voltes for one hour.
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From forty —one bacterial species that were identified phenotypically and confirmed

by Vitek2 compact system, eighteen bacterial species were selected for the homology

studies by used 16S r RNA sequence and Pairwise Sequence Alignment of the
Sequencing data were obtained by using NCBI-BLAST(Nucleotide BLAST), the
result represented in table (4-4), (Appendix 5).

Table(4-4) : Bacterial identification based on 16S rRNA sequencing data.

Bacterial strain Maximum | Total | Query E. Identity Accession
score score | coverage | value | Percentage No.
Acinetobacter Iwoffii 1690 1690 100% 0.0 98.44% NR-113346.1
Acinetobacter lwoffii 1711 1711 99% 0.0 97.79% NR-026209.1
Aeromonas veronii 721 721 90% 0.0 83.65% NR-119045.1
bv.veroni
Aeromonas veronii 1895 1895 97% 0.0 97% NR-119045.1
bv.veronii
Bacillus licheniformis 1622 1622 100% 0.0 99.66% NR-165685.1
Comamonas testosteron 65.8 131 4% 7e-10 100% NR-029161.2
Enterobacter hormaechei 1439 1439 99% 0.0 96.25% NR-126208.1
sub sp. xiangfangensis
Klebsiella pneumoniae 1862 1862 97% 0.0 99.42% NR-117683.1
Klebsiella pneumoniae 767 767 92% 0.0 95.62% NR-113702.1
Klebsiella pneumoniae 1055 1055 100% 0.0 98.82% NR-041750.1
subsp.ozaenae
Lysinibacillus 494 494 92% 2e-139 94.14% NR-114207.1
boronitolerans
Methylogaea oryzae 425 425 85% le-118 80.67% NR-116407.1
Pseudomonas japonica 625 625 43% le-178 99.71% NR-114192.1
Pseudomonas putida 2098 2098 91% 0.0 96.54% NR-114794.1
Pseudomonas 857 857 98% 0.0 97.98% NR-114226.1
plecoglossicida
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Pseudomonas songnenensis 1711 1711 97% 0.0 95.94% NR-148295.1
Psychrobacter sanguinis 1140 1140 97% 0.0 95.3% NR-117833.1
Serratia liquefaciens 2156 2156 97% 0.0 95.82% NR-121703.1

The current study was able to recorded sixteen bacterial strains in Gen Bank data

belong different accession numbers as shown in table (4-6).

Table (4-5) : Recording of bacterial strains in Gen Bank.

Bacterial strain Title in Gen Bank Accession number
Acinetobacter Iwofii Acinetobacter Iwofii strain ZD2021 16S MZ931306.1
ribosomal RNA gene, partial sequence
Acinetobacter Iwofii Acinetobacter Iwofii strain ZD2021 16S MZ921931.1
ribosomal RNA gene, partial sequence
Aeromonas veronii Aeromonas veronii strain ZD2021 16S MZ934693.1
ribosomal RNA gene, partial sequence
Aeromonas veronii Aeromonas veronii strain ZD2021 16S MZ931286.1
ribosomal RNA gene, partial sequence
Bacillus licheniformis Bacillus licheniformis strain ZD2021 16S MZ919316.1
ribosomal RNA gene, partial sequence
Enterobacter Enterobacter hormaechei strain ZD2021 16S MZ919358.1
hormaechei ribosomal RNA gene, partial sequence
Klebsiella pneumoniae Klebsiella pneumoniae strain ZD2021 16S MZ930472.1
ribosomal RNA gene, partial sequence
Klebsiella pneumoniae Klebsiella pneumoniae strain ZD2021 16S MZ923503.1
ribosomal RNA gene, partial sequence
Klebsiella pneumoniae Klebsiella pneumoniae subsp.ozaenae strain MZ926853.1
subsp.ozaenae ZD202116S ribosomal RNA gene, partial
sequence
Lysinibacillus Lysinibacillus boronitolerans strain ZD2021 MZ920155.1
boronitolerans 16S ribosomal RNA gene, partial sequence
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Pseudomonas Pseudomonas japonica strain ZD2021 16S MZ927456.1
japonica ribosomal RNA gene, partial sequence

Pseudomonas putida Pseudomonas putida strain ZD2021 16S MZ913024.1
ribosomal RNA gene, partial sequence

Pseudomonas Pseudomonas plecoglossicida strain ZD2021 MZ934671.1

plecoglossicida 16S ribosomal RNA gene, partial sequence

Pseudomonas Pseudomonas songnenensis strain ZD2021 16S MZ927229.1
songnenensis ribosomal RNA gene, partial sequence

Psychrobacter Psychrobacter sanguinis strain ZD2021 16S MZ923509.1
sanguinis ribosomal RNA gene, partial sequence

Serratia liquefaciens Serratia liquefaciens strain ZD2021 16S MZ911849.1

ribosomal RNA gene, partial sequence

The results in table (4-6) shows the similarities and differences in identification of
selected bacteria between Vitek2 compactsystemand 16S r RNA sequences of PCR.

Table (4-6) : The similarities and differences in diagnosis of selected bacteria
between Vitek2 compactsystemand 16Sr RNA PCR.

NO. Vitek2 system 16S r RNAPCR

M1 Pseudomonas alcaligenes Pseudomonas songnenensis

M2 Aeromonas salmonicidia Pseudomonas japonica

M3 Klebsiella pneumoniae sub sp. Klebsiella pneumonia sub
Pneumoniae Sp.ozaenae

M4 Francisella tularensis Klebsiella pneumoniae

M7 | Acinetobacter baumannii complex Pseudomonas putida

M9 Serratia liquefaciens Serratia liquefaciens strain

M11 Misidentified Klebsiella pneumoniae

M14 Staphylococcus sciuri Bacillus licheniformis
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M17 Aerococcus viridans Pseudomonas plecoglossicida
M18 Misidentified Lysinibacillus boronitolerans
M24 Enterobacter cloacae complex Enterobacter hormaechei sub sp.
xiangfangensis
P3 Misidentified Psychrobacter sanguinis
P7 Escherichia coli Aeromonas veronii bv.veronii
P10 Rosomonas gilardii Aeromonas veronii bv.veronii
P12 Sphingomonas paucimobilis Acintobacter Iwoffii
P14 Rhizobium radiobacter Acinetobacter lwoffii
P15 Misidentified Comamonas testosterone
P16 Misidentified Methylogaea oryzae
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5.Discussion:-
5.1. Isolation and Identification of Bacteria :-

5.1.1: Isolation and numeration of bacteria by total aerobic plate count (APC):-

Meat ,both white and red ,is one of the most important elements of human food
because it has been considered as highly desirable, nutritious and good quality protein
rich food, meanwhile, meat is highly perishable because of they provide a nutrient
required for growth and multiplication of different types of microorganism ( Kalalou et
al., 2004 and Sayed et al., 2021).

The Total Aerobic Plate Count (APC) reflect the bacterial contamination and
declared the hygienic quality of meat products , poultry cuts and products( Younes et
al ., 2019).

Results of the present investigation ,table (4-1) showed that all meat products
samples contaminated with bacteria depend on the mean value of APC methods but
the imported products are more contaminated compared with local products according
to Iragi standard specification , (2020) where the microbiological limits (cfu/ml) for
frozen meat products were(1x107). The reason for this may be due to the long of
storage period, the products exposed to thawing and freezing during the preservation
process, the low quality of the meat used and the spread of bacteria in the meat during
the preparation processes, also cleaning and disinfection is not be sufficient, whether
for the equipment or surfaces used, as well as the workers in terms of personal hygiene
(Abd El Tawab et al., 2015).

Hafez and his team (2019) worked on different cuts of frozen meat imported from
many breeds American, Brazilian, Indian and Sudanese collected from shops at Cairo
province/Egypt , where they found the mean value of APC of the examined imported
frozen meat samples were 7.25x10° + 2.38 x10°, 1.53x10° + 4.84 x10°, 1.54 x10°
+4.14 x10°, and 2.35 x10° + 5.59 x10° in American, Brazilian, Indian and Sudanese
respectively . They attributed the cause of contamination to the presence of
staphylococci during dressing and evisceration in the slaughter house, contamination
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of butchers and equipment, also, exposure of Imported frozen meat to thawing and
refreezing in markets and street vendors, yielding an abundant supply of water and
form a good media for bacterial growth and multiplication.

It was found that the results of the current study are higher than the results of
study of researcher Hassanein and his colleagues (2020) as they made a comparison
between imported and local frozen meat, and the results of mean value of aerobic
plate count in the examined chilled local meat samples were  4.1x107+
0.02x107CFU/g. while mean value of the examined frozen imported samples were
2.9x107+ 0.02x107 CFU/g .Their results are explained that all examined samples,
either local chilled or frozen are unaccepted for human consumption due to bad
hygienic indication.

Abbas et al. (2014) worked on meat product samples ( Beef burger, Luncheon,
Pasterma and Sausage) in Alexandria province/Egypt, all the examined samples found
to be contaminated with different types of microorganisms with the mean values of
8.20x10%,6.29x10%,5.40x10%and 8.28x10?respectively.

Frazier and Westhaff (1978) and Mansour et al. (2019) reported that the presence
of contaminated and pathogenic bacteria in meat is caused by animal infected by
bacteria, soiled hooves and hair carry large quantities of bacteria from food, soil, barn
or water, which are sources of contamination of the surface of the carcass after
removing its skin, keep the meat with the intestines , the animal's stomach, and using
the same utensils increases the likelihood of meat contamination, the butcher and open
markets may be become another source of pollution when the health conditions are not
suitable and poor sanitary procedures, slaughterhouse and people deal with animals

may be become a source of bacterial contamination.

Results of current study, table (4-2) stated that all samples of meat chicken cuts
and products were contaminated with bacteria ,but we noted that the imported samples
more contaminated compare with local according to Iraqi standard specification

(2020) where the microbiological limits (cfu/ml) for frozen chicken cuts and products

58



CRAPLEE FiVO. ..u.eeuuueesnneeesssesessssnesssssssnsessssssnssssssssssssnss Discussion

were (1x107),and there was a significant differences (p<0.05) between them. This
result may be due to contamination of poultry meat during the slaughtering, cutting
and freezing process- stored for long periods and exposure to various physical factors
such as heat and moisture- failure to follow health and hygiene conditions by workers
in the field of manufacturing.

Hassanien and his colleagues (2016) reported that the reason of the higher APC in
chicken meat was due to the contamination of carcasses during the slaughtering
process, in addition to that, the broiler meat may be kept at room temperature, which
allows the growth and reproduction of mesophilic microorganisms. The reason may
also be due to the fact that the tools used in cutting and preparation are contaminated,
as they are used daily without complete hygiene, and this may lead to the promotion of
transmission contamination to following carcasses.

AL-Tamimi and AL-Khafaji (2021) made a comparison between imported frozen
and local fresh poultry's meat in Diyala province/lraq .They found the highest viable
bacterial counts from frozen meat, neck 3.15+ 0.13 x10 5, wing 2.49+ 0.16 x10 >,
thigh 2.28 +0.15 x10 °, breast 1.51 +0.38 x10 >, While from fresh meat, breast, 7.0+
0.10 x10%, thigh 4.98 + 0.44 x10%, neck 3.94 + 0.27 x10%, and wing 3.16 +0.10 x1 0%,
The results of their APC were lower than current study but the two studies proved that
imported frozen poultry meat was more contaminated compare with local.

The result of current study in line with the results of Yar and his team (2020)
which they worked on the frozen chicken parts from three countries in Ghana and they
reported high contamination in the imported samples. they agree that the differences in
bacteria counts for chicken meats in their study might be due to technologies used,
hygienic conditions during slaughtering, processing, packaging, storage and
distribution.

The contamination of imported and local poultry cuts and products with different
microorganism (spoilage and pathogenic bacteria ) from different regions studied by
many of researchers like Khalifa and Abd -Elshaheed , (2005); Bohaychuk et al.,
(2006) ; Haleem et al., (2013); Murad et al., (2014) and Kunadu, (2018).
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5.1.2: Preliminary Identification of Bacteria :-

The results of the preliminary isolation showed the growth of bacterial colonies on
the nutritional ,enrichment and differential medium {Nutrient, Blood, MacConkey
agar}.All bacterial isolates grown on blood media ,some of them gave alpha hemolysis
patterns and others showed beta hemolysis patterns. On MacConkey medium some
species of bacteria were appeared in pink colonies (lactose fermented) and some were
not lactose fermented which appeared in colorless colonies while the others didn't
growth on it {Gram positive bacteria}.

In the present study we used special medium to isolated the common species of
bacteria like {T.C.B.S}medium which didn't grow any bacteria on it ,{M.S.A}and
{Sorbitol MacConkey} medium which some species of bacteria grown on them but
the common species of bacteria (Staphylococcus aureus and E.coli O175:H7) didn’t
grown on them .

The results of Gram stain was showed that Gram negative bacteria was most
dominant bacterial strains (52%) than Gram positive (48%) in meat products samples
while in poultry samples the Gram positive bacteria represented (59%) and Gram
negative represent (41%) . These results can be attributed to the quality of the meat
and the percentage of its contamination with bacteria and the mechanism followed by
bacteria in resisting low temperatures during freezing.

Sultana and her colleagues (2014) they reported that Gram negative bacteria
represented 64.92% than Gram positive bacteria which represented 35.08%,where
they were similar with current study concerning with frozen meat product samples.

The results of current study on frozen poultry samples disagreement with results of
Elbasheir et al. (2019) which they worked on fresh and frozen chicken's carcasses and
found Gram negative bacteria represented the predominant bacteria isolated from fresh
chickens’ carcasses (60.0%), compared to Gram positive bacteria (40.0%) and Gram
negative bacteria represented the predominant bacteria isolated from frozen chickens’

carcasses (57.8%), compared to Gram positive bacteria (42.2%).They concluded that
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Chickens’ carcasses are more susceptible for contamination during processing than
storage.

Ahmed and Sabiel (2016) detect microbial contamination of beef meat products
and they found the most Gram- Positive isolates were Lactobacillus spp. (10.7%) and
Kocuria kristinae (8.8%) while the most Gram-negative isolates were Proteus
mirabilis (6.8%) and Klebsiella pneumoniae (6.8%).

Oranusi and his team (2014) found coliform bacteria in all meat samples while
the other species of bacteria like Staphylococcus aureus, Bacillus spp., Salmonella,
Flavobacterium, Listeria and Pseudomonas in different percentage in samples of
meat. They explained the high total aerobic bacteria and high coliform in meat samples
to poor initial meat quality pre-freezing. Freezing only retard the growth and
proliferation of contaminating organisms, it seldom destroy or killed the organism,
thawing of the samples prior to analysis could equally have encouraged proliferation
of the contaminant .These reason proved by many studies like Gill, (2001); National
Research Council, (2003) and Zahid et al., (2010).

5.1.3: Diagnosis of Bacteria by Vitek2 Compact System :-

The Vitek2 compact system is developed based on fluorescence technology and
they were designed for the identification of wide range of microorganisms including
Gram negative and Gram positive bacteria, Neisseriacea and yeasts in clinical or
industrial samples. There are many different marked cards containing 64 chambers for
identification tests or antibiotic susceptibility testing ( Darbandi, 2011).

In the present study, from forty one bacterial species only five didn't diagnosis by
vitek2 compact system.

The results of current study in table (4-3) ,figure (4-2) showed the type of bacteria
that isolated from meat products which diagnosed by vitek2 system .

The present study found that Pseudomonas alcaligenes was more predominant
bacteria isolated from imported burger which represented 20%,while Aeromonas

sobria isolated from local burger was prevalent with rate of occurrence 28.5%, in
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minced meat samples Pseudomonas putida, Lactococcus lacts and Kocuria rosea are
predominant bacteria (14%) for each one, Enterobacter cloacae complex represented
(18.7%) in kebab samples , from imported sausage Aerococcus urinae and
Pseudomonas alcaligenes were more predominant bacteria (25%) while
Pseudomonas putida was the common bacteria (29%) in local sausage samples
Finally from imported shawarma samples Staphylococcus equorum, Pseudomonas
putida and Pseudomonas oryzae represented the highest isolated bacteria (18.7%) for
each one ,while Kocuria rosea was dominant bacteria in local samples (22.2%).

Ahmed and Sabiel (2016) worked on frozen meat product ( minced meat , burger
,Shawarma and sausage ) ,showed that Proteus mirabilis was isolated from all
products of beef meat examined which could be attributed to the use of contaminated
water for washing and cleaning during processing , from minced meat Lactobacillus
spp. and Kocuria kristinae were the most isolated organisms (32%), Kocuria kristinae
was the most isolated bacteria from burger (16%) followed by Bacillus badius and
Enterobacter gergoviae (12%) for each one , these bacteria are found in sausage too
with same percentage but the Staphylococcus capitis was the predominant bacteria
(24%),finally in Shawerma samples lesser bacteria were isolated compare to other
meat products with highest isolation rate (24%) of Bacillus licheniformis which could
be due to environmental contaminations.

Sadeq and his team (2018) worked on isolation and identification of some bacteria
from imported meat (beef burger) by using Vitek2 system ,they found that more
predominant agent is E.coli with percentage 55%, they also found many of bacteria
like Klebsiella pnemoniae, Proteus mirabilis, Staphylococcus aureus, Enterococcus
faecium and Serratia marcescens with 38%, 13%, 44%, 8% and 3% respectively.

Shaltout and his colleagues (2017) mentioned that E.coli represented 40% from
beef burger samples ,while Staphylococcus aureus represent 60% of isolated bacteria
.Moreover they found only one species of Psuedomonas (P. aeruginosa) and failed to
detect Aeromoneus species from all examined frozen beef burger samples, they
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attributed the cause of the presence of bacteria to mishandling and the negligence of
hygienic aspects that effected on human public health.

Saad et al. (2018) indicated that the microbiological quality of retailed minced meat
samples were unsatisfactory, and have health hazards for consumers as it may be lead
to food poisoning, these due to the high content of coliform bacteria and
Staphylococcus sp. especially aureus where they attributed the reason for its high rate
of contamination during processing from the hands, knives, worker’s clothes, the hide
or from the environment resulting in an inferior or even unfit quality for human
consumption.

Karoki and his team (2018) isolated five genera of bacteria, Staphylococcus spp. at
50.4%, Bacillusspp. at 19.5%, Streptococcus spp. 9.8%, Proteus spp. 2.4%, and E.coli
spp. at 1.6%,from African sausage samples.

The current study the percentage of bacterial contaminants in local meat was less
than imported meat that may be due to the fact that local meat is less exposed to
contamination, manual handling and exposure to external conditions, in addition to the
majority of consumers prefer fresh slaughtered meat and therefore are less exposed to
bacterial infection. As for imported meat, this is possible due to several reasons: the
imported meat is of origin and sanitary measures were taken followed by production
processes that follow international health conditions, poor transportation, storage and
manual handling, and the display away from health conditions that may extend for
long periods is one of the main pollution factors, if the meat unknown origin and the
sanitary measures the production processes used in the production process do not
follow the international health conditions, this will lead to the arrival of spoiled goods
even if they are transported, storage, manual processing and display within the
sanitary conditions, quality control departments and their important role in completing
their entry of goods that are considered safe and fit for consumption that are within
international health conditions, finally the methods of slaughter whether they are halal
or not ,there are many studied about this reason for examples,
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Hakim and his team (2020) studied the effect of halal and non-halal slaughtering
methods on bacterial contamination of poultry meat ,their study findings suggest that
non-halal slaughtered chickens could contain higher bacterial counts that can caused to
shorter shelf life and the higher bacterial count is mostly due to more retained blood in
the muscle.

Ibrahim et al. (2014) and Martuscelli et al. (2020) indicated that halal slaughtering
method caused to lowering the various microbial loads of poultry meat although the
raw meat as well as its product like sausage were contaminated with different
microbial species which could reflect contaminated supply, cross contamination,
and/or poor hygiene practices.

The results of current study in table (4-3) ,figure (4-3) showed the type of bacteria
that isolated from poultry cuts and products which diagnosed by Vitek2 system .

In our study we found Staphylococcus lentus and Staphylococcus vitulinus are the
predominant bacteria in imported and local livers samples (24.2%, 27.1%)
respectively, from imported and local thigh samples Sphingomonas pacumbilis
represented high percentage of detected bacteria(14.2%,13.3%) , high percentage of
bacteria Granulicatella adicans and Staphylococcus lentus (28.5%,21.4%) were
reported respectively from imported breast samples while E.coli ,Staphylococcus
lentus and Granulicatella adicans represented predominant bacteria that isolated from
local breast samples (14.1%)for each one . Staphylococcus lentus and Sphingomonas
pacumbilis revealed high rate of bacteria that isolated from imported and local
burger(28.2%,35.7%) respectively, finally kebab samples had high percentage of
bacteria Staphylococcus vitulinus (18.7%) respectively.

Ahmed and his team (2020) worked on isolated Staphylococcus sp. from poultry
meat and human swabs by using Vitek2 system ,they isolated 17 species from poultry
samples(35) the highly identified species were Staphylococcus aureus (14.3%)
followed by Staphylococcus lentus (8.5%), whereas the least species were
Staphylococcus lugdunensis, Stapylococcus simulans and Staphylococcus capitis
(2.86% for each).
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Sultana and her team (2014) worked on different types of frozen beef and poultry
meat products, where many bacterial species were isolated with different
percentages(Staphylococcus spp. 24.56% - Alcaligenes spp.17.54%- Klebsiella spp.
12.28%- Shigella spp. 8.77%- Pseudomonas spp. 8.77%- Haemophilus spp. 7.01%-
Micrococcus spp. 5.26%- Salmonella spp. 3.51%- Corynebacterium spp. 3.51%-
Enterobacter spp.3.50%- Enterococcus spp. 1.75%- Actinobacillus spp.1.75% and
1.75%were Proteus spp.). They interpreted their results that samples of frozen foods of
animal origin that were ready for cooking are responsible for the development of
bacterial resistance with a risk to human health and the environment and should be
monitored regularly integrated .

The results of the current study, after the preliminary examinations and the Vitek2
compact system, showed the emergence of new types of uncommon bacterial genera
in large numbers in frozen meat and poultry samples. The reason may be due to the
occurrence of genetic mutations that enabled them to be present in frozen foods, their
ability to resist low temperatures as well as the contaminant surrounding the
manufacturing process, which enabled them to transfer to meat like the tools and
places of slaughter, storage, clothes of workers and their personal hygiene.

5.1.4. Detection of Bacteria by Molecular Techniques:-
5.1.4.1. Multiplex Polymerase Chain Reaction (m-PCR):-

Staphylococcus aureus, Salmonella spp., Escherichia coli O157:H7, Listeria
monocytogenes,Vibrio cholerae, and V. parahaemolyticus are the main pathogens
involved in food poisoning , Some of these foodborne pathogens can cause life-
threatening diseases to humans and animals, whilest all are well recognized. Some are
considered emerging but they have recently become more common (Laboratorio,
2006).

Salmonella spp., Staphylococcus aureus, E. coli O157: H7 and L.monocytogenes are
the predominant bacteria species that cause public health problems worldwide. In

addition, V. cholerae is a common bacterium in raw or under processed seafood which
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can cause very severe diseases, and has been endemic in Asia and Africa for years. V.
parahaemolyticus is also a frequent cause of food poisoning in seafood, thus V.
cholerae and V. parahaemolyticus are significant pathogens that require testing in
seafood or related products . Lei and his team (2008) detected these species in food
samples by using multiplex PCR with special primers and they got positive results .

In our current study, the presence of these common species was screened in all the
samples used, and the results of the preliminary examinations as well as the
Vitek2compact system proved the absence of any of these species in the examined
samples. To confirm this ,multiplex PCR technique was used to investigate their
presence using special primers((stx) gene of Escherichia coli O157: H7, the hemolysin
(hly) gene of Listeria monocytogenes, the invasion (invA) gene of Salmonella spp., the
cholera toxin (ctx) gene of Vibrio cholerae, the thermolabile hemolysin (tlh) gene of
V. parahaemolyticus, and the thermostable nuclease (nuc) gene of Staphylococcus
aureus , and it's gave negative results, confirming the absence of these species.

The absence of these species may be due to the subjection of frozen food samples
to health control systems that reject foods containing these species if they exceed the
natural limits, or may be return to the number of samples used in the study for
example: Ahmed and his team (2017) worked on isolated of Listeria monocytogenes
from minced meat, frozen chicken and cheese, from total of 150 samples tested, 13.3%
presumptively positive by culturing method while 8% were confirmed to be positive
for L.Monocytogenes by means of PCR.

Hassanein et al. (2011) detected and identified Salmonella species in minced beef
and chicken meats by using Multiplex PCR, from the total of 75 meat samples
examined, Salmonella was detected in 5 (20%) of minced frozen beef, 9 (36%) of
frozen chicken leg and 13 (52%) of frozen chicken fillet samples analyzed while from
the total 30 Salmonella positive samples from all examined samples, only five selected
Salmonella isolates were further identified using multiplex PCR (m-PCR).

Therefore, our results do not agree with the results of several studies that showed

the presence of these species in food samples ,whether beef and poultry meat ,such as
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El-Malek et al. (2010) ; AL-Jobori and AL-Bakri, (2015); Azwai et al. (2016); Tao et
al. (2020); Azinheiro et al. (2020); Abdulrahman, (2020) and Yassin , (2021 ) and
agree with some studies that provide the absence of some types of common bacteria
like: Elnawawi and his colleagues (2012) isolate some species of entero pathogens
bacteria from imported frozen meat, imported frozen chicken and locally frozen
chicken while E. coli O157:H7 and Salmonella species failed to be isolated in all
examined samples.

Bezerra et al. (2010) studied the microbiological quality of hamburgers and
isolated many types of bacteria like Bacillus spp., Staphyloccocus spp.,butSalmonella
spp. was not detected in any of the samples analyzed.

5.1.4.2: Monoplex Polymerase Chain Reaction (PCR) of 16S r RNA Primers :-

Polymerase chain reaction (PCR) is a useful technique that has revolutionized
molecular biology research and it has important application in the diagnosis of
microbial infections and genetic diseases, as well as in detection of pathogens in food
samples Armany et al. (2016).

The results of present study in table (4-4) showed the diagnoses of selected bacteria
by amplification of 16S r RNA genes using monoplex PCR.

There are many researches used universal primers (16S rRNA) for the confirmatory
diagnosis of bacterial species that were isolated from frozen meat and poultry products
samples after their initial diagnosis ( Gwida et al. 2014 ; Madoroba et al. 2021;
Delpiazzo et al. 2021 ).

The results in table (4-6) shows the differences in the diagnosis of selected bacteria
between Vitek2compact system and 16SrRNA sequences, some species of bacteria
appeared in same diagnosis by Vitek2 system and 16SrRNAsequencing while the
other species appeared in different diagnosis and some didn't diagnosed by
viteck2system and diagnosed by16SrRNAsequencing. The difference in diagnosis may
be due to the fact that the database in the Vitek2 system is not constantly updated, and

the convergence of some bacterial species in the biochemical tests that the Vitek2
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system relies on for diagnosis may be give a different result than the molecular
diagnosis.

Rudolph and his colleagues (2019) studied the comparison of Vitek2, MALDI MS,
16S r RNA gene sequencing, and whole-genome sequencing for identification of
Roseomonas mucosa, they found Both MALDI-TOF MS and 16S r RNA gene
sequencing confidently identified the species,while when using the VITEK 2
technique, isolates were misidentified as Roseomonas gilardii, Rhizobium radiobacter,
or Sphingomonas paucimobilis .

Wu et al. (2021) they did comparison of 5 commercial detection systems for
Burkholderia pseudomallei. The organism was misidentified by the VITEK 2
Compact, Phoenix, VITEK and APl 20NE mass spectrometry systems but was
ultimately identified by the Bruker Biotyper system and 16S r RNA sequencing.

Al-Kharousi and his team (2016) worked on isolation of opportunistic Pathogens
of bacteria from Fresh Fruits and Vegetables ,and identified by molecular (PCR) and
biochemical methods Vitek2,some species of isolated bacteria misidentified by Vitek2
system they attribute that to their similarities based on biochemical reactions and not
included in the most updated version 7 of the Vitek2 identification database.

Otto-Karg et al. (2009)and Dhaegheem, (2021) they found differences in
diagnoses of some species of bacteria between vitek2compact system and 16S rRNA
sequencing .

Bacillus licheniformis :-

Is a bacteria commonly found in the soil , it is found on bird feathers especially
chest and back plumage, and most often in ground-dwelling birds like sparrows and
the aquatic species like ducks. Bacillus licheniformis is a Gram-positive, spore-
forming bacteria widely distributed as a saprophytic organism in the environment and
it is a facultative anaerobe, which may allow it to grow in additional ecological niches
(Rey et al., 2004).
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Mikkola and his team (2000) They isolated toxins from three strains of Bacillus
licheniformis associated with fatal food poisoning and their structures were elucidated.
Toxins were purified from methanol extracts of Bacillus licheniformis biomass using
sperm cells from pigs as an indicator of toxicity. A toxins have been identified as
lichenysin A, a cyclic lactonic peptide where the main 3-hydroxy fatty acid is 13-15
carbon atoms long. Thus, the toxins produced by food and food poisoning isolates of
B. licheniformis were identical to lichenysin A in both the structure and toxicity
caused by the sperm of pigs and they found this toxin implicated in the case of a child
fatality associated with infant feed (formula). Also it can cause foodborne illness with
nausea, vomiting, diarrhea and stomach cramps occurring( 5-12 h )after consumption
of a variety of foods included , deserts ,ice cream, meat pies and sandwiches where
made ranged from( 3x10° to1x108CFU g~ ) of the implicated food (Salkinoja-
Salonen et al. 1999 and Logan, 2012).

Klebsiella pneumoniae:-

It is a Gram negative, encapsulated ,non-motile bacterium which is a member of
the enterobacteriaceae family, spread in the natural environment and benignly
colonizes the gastrointestinal tracts of healthy humans and animals (Brisse et al.,
2009) .

Gabida and his team (2015) reported that K. pneumoniae is also an opportunistic
pathogen because it had capable of causing a wide range of diseases in humans and
other animal species,while K. pneumonia has been associated with classic foodborne
disease outbreaks, it is most notorious for causing extra intestinal human infections
like pneumonia, pyelonephritis, , cystitis, septicemia, and pyogenic liver abscess(
Shon et al., 2013).

It causes a wide array of extra intestinal infections in other animal species and is
an important cause of mastitis in dairy cows, notably, the prevalence of antibiotic

resistance is increasing among enterobacteriaceae, including K. pneumonia which
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causing infections in humans and other animal species ( Botrel et al., 2010 ; Davis and
Price, 2016).

Acinetobacter baumannii :-

It is a Gram-negative coccobacillus bacterium which considered as one of the
recently emerged Acinetobacter species in many parts of the world (Tavakol et al.,
2018). It can be recognized in various foodstuffs as fruits, raw vegetables, raw milk,
milk products and meat product (Almasaudi, 2018).

Elbehiry and his colleagues (2021) studied the role of raw meat as a reservoir for
A. baumannii, and the results of their research showed the majority of A. baumannii
strains illustrated strong antimicrobial resistance against amoxicillin/clavulanic acid,
gentamicin, ampicillin ,tetracycline, and tobramycin. So, the existence of multidrug-

resistant A.baumannii in meat may represent a clear threat to human health.

Aeromonas veronii :-

It is a Gram-negative, facultative anaerobic and rod-shaped bacterium, which is
widely distributed in nature with strong environmental adaptability (Parte, 2014).

Ghenghesh et al. (1999) and Zhang and his team (2019) reported that A. veronii can
infect birds, freshwater fish, amphibians and red meat animals, resulting in serious
losses to the aquaculture industry and threatening food safety. Also, it can cause
human infections, especially in elderly and children with low immunity, causing
sepsis, gastroenteritis, and other diseases.

In recent years, the development of aquaculture has led to an increase in the
incidence of bacterial diseases. the use of antibiotics caused an increase in Aeromonas
resistance to these antibiotics, and the presence of antibiotic residues in aquatic
products threatens human health, reports shown the occurrence of infectious diarrhea
and food poisoning for people infected with these bacteria ( Stratev et al., 2015).
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Enterobacter cloacae :-

It is a Gram negative , facultative anaerobic and rod shaped bacterium, occur in
food ,water, soil, sewage, and as commensal microflora in the intestinal tracts of
animals and humans. They were frequently isolated from clinical and food samples as
opportunistic pathogens (Lund et al., 2000 and Nyenje et al., 2012). Recently,
Enterobacter cloacae has emerged as drug-resistant bacterial species .the development
of antimicrobial resistance among Enterobacter spp. including resistance to extended
spectrum cephalosporins represent a great concern on human health (Harada et al.,
2017). Therefore, isolation of E. cloacae strains that are resistant to colistin ( an
antibiotic polypeptide) still useful against multidrug resistant Gram-negative bacteria
such as carbapenem- resistant enterobacteriaceae is critical (Lin and his team, 2017).

However, some studies have shown that certain E. cloacae isolated from foods
maybe resistant to this drug with the rise in infections due to multidrug resistant gram

negative, bacilli, more emphasis has been placed on colistin (Karaaslan et al., 2016).

Pseudomonas spp. :-

Pseudomonas spp. are Gram-negative, aerobic, non-spore-forming bacteria ,it is the
most common bacteria implicated in spoilage, especially of refrigerated food. Also
recognized to be able to colonize environmental production as well as equipment and
facilities for long periods because their ability to produce persistent biofilms (Spanu et
al., 2018 and Rossi et al., 2018).

The pseudomonas genus induces more than 140 species and represents the most
psychrotrophic bacteria which are highly Proteolytic and or strong lipolytic leading to
biological changes in the composition of meat and meat products particularly at low
temperature (Gill and Newton, 1982 and Ibrahim et al., 2016).

Ibrahim and his team (2016) studied the Prevalence and molecular characterization
of Pseudomonas species in frozen imported meat and from there previous results they
found P. fluorescence and P. alcaligenes represented major species, which could be
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isolated, this may reflect its resistance against many stress factors such as water
activity, low temperature and inhibitory action of carbon dioxide.

Kocuria spp. :-

The genus Kocuria includes Gram-positive, catalase-positive, coagulase-negative
cocci, belonging to family micrococcaceae, the genus includes 26 species with
Kocuria varians and Kocuria rosea as its major representatives and the youngest
species, K. coralli has recently been described in 2020 (Li and Zhang, 2020). Kocuria
spp. can be found in diverse environments such as skin of mammals, milks, dairy
products , seafood , fermented and unfermented meat products of various origins
(Noor Uddin et al., 2013; Kandi et al., 2016; Uzair et al., 2018; Machado et al., 2020).

Savini et al. (2010) and Kandi et al. (2016) reported that it is known that the
prevalence of these infections is underestimated since phenotypic identification
methods frequently used in clinical analysis can mistakenly identify Kocuria isolates
as coagulase-negative Staphylococcus spp. based on their Gram staining, coagulase
and catalase characteristics. Similarly, assessment of these species in foods might be
difficult.

Gardini and his team (2003) reported that the strains of Staphylococcus and
Kocuria resistant to antibiotics (some multi-resistant) isolated from fermented
sausages in ltaly, and recommended careful use of antibiotics in animal rearing and

improvement in hygienic conditions during livestock production.

Francisella tularensis -

It is a Gram-negative ,facultative, intracellular bacterium that causes the disease
tularemia, also known as deer fly fever or rabbit fever (Kingry and Petersen, 2014). F.
tularensis is classified by the United States Select Agent Program as a Tier 1 select
agent because it is highly infectious, potentially lethal, and easily disseminated
through multiple routes including through the bite of an infected vector, through the

air, or through contact with contaminated water, soil or meat. Symptoms depend on
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the method of infection but typically include fever and lymphadenopathy and may
progress to the much more serious pneumonic or typhoidal tularemia. Both of these
forms may have a case fatality rate of greater than 40% if untreated (Roth, 2016).

Serratia spp.:-

It is a Gram-negative bacterial genus that belongs to the family of
enterobacteriaceae. This genus is composed of 22 species which can be found in
various environments and hosts such as insect, plant, soil, water, and food raw
materials (Parte et al., 2020). They are associated with food spoilage a real economic
and environmental issue resulting in food losses and waste within the food supply
chain n (Gustavsson et al., 2011). The genetically closely related food species S.
liquefaciens, S. quinivorans, S. proteamaculans and S. grimesii ,which can grow at
low temperature, under hypobaric conditions and in CO2-enriched anoxic atmosphere
(Schuerger et al., 2013; Schuerger and Nicholson, 2016) thus prevalent in food
products whether vacuum or modified atmosphere packaging is used, their spoilage
activities can be associated with gas production in meat products (Chaves et al., 2012).

Lactic acid bacteria:-

They are a group of Gram-positive bacteria, including species of Lactobacillus,
Oenococcus, Leuconostoc and Pediococcus, some of which are useful in producing
fermented foods. However, under low temperature, low oxygen and acidic conditions,
these bacteria become the predominant spoilage organisms on a variety of foods, for
examples it's caused greening of meat and spoilage of canned or packaged meat and
vegetables. Lactic acid bacteria may also produce large amounts of an exo
polysaccharide that causes slime on meats (Rawat, 2015).

Escherichia coli (E. coli) :-
It is a Gram —negative bacteria, a member of the enterobacteriaceae family and it is

a normal inhabitant of the gut of poultry and frequent microbial contaminant of retail
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poultry meat (Davis et al., 2018). Skurnik et al. (2006) reported that E. coli is also
known as one of the most important foodborne pathogens in humans which may be
associated with a diversity of acute and invasive infections in humans and it's easily to
be disseminated in different ecosystems through the food chain.

Addis and Sisay (2015) explained that chicken meat is generally contaminated by
E. coli during handling, cleaning, improper dressing and unhygienic practices of
selling meat. Contaminated chicken meat can be considered as a potential source of
infection with E. coli, either by direct contact during food preparation or by
consumption of undercooked or raw meat products.

Garcia-Hernandez and his team (2015) reported that several strains of E. coli
became resistant to heat by the addition of salt, about 2% of E. coli including food
isolates harbor heat resistant genes and show increased heat resistance. The symptoms
of food poisoning because of E. coli are abdominal cramps, vomiting, in some cases,
bloody diarrhea in humans. Sometimes, the infection caused by Shiga toxin-producing
by E. coli may be lead to hemolytic—uremic syndrome that cause kidney failure
(Switaj et al., 2015).

Lysinibacillus boronitolerans:-

Is a spore-forming ,Gram-positive, motile, rod-shaped and boron-tolerant
bacterium, it is commonly found in soil and has been isolated from plant tissues |,
from fermented plant seed products , and even from puffer fish liver specimens . And

used as an insecticidal microorganism (Ahmed, 2007).

Psychrobacter sanguinis :-

Non-haemolytic, non-motile, Gram-negative coccobacillus (0.5-1.0 um wide and
1.0-2.0 pm long). Colonies are 1-2 mm in diameter, moist, non-pigmented, circular
and smooth with entire margins. Grows at 4-37 °C (optimum 30-37 °C) (Wirth et al.,
2012). P. sanguinis is a new species described in 2012; the type strain was isolated

from the blood of an 84-year male in the United States ,because P. sanguinis is a
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recently described species, data are lacking concerning its pathogenicity. It was first
isolated from the blood cultures of 4 patients in New York ,however, it is probably an
environmental bacteria and was recovered from seaweed samples in India (Wirth et
al., 2012).

Comamonas testosterone :-

It is aerobic, gram-negative, motile, pink-pigmented, oxidase-positive bacilli that
grow well on routine bacteriological media. It has capable of utilising testosterone, 4-
hydroxybenzoate, acetate, and lactate as their sole carbon sources, but not glucose and
most of the carbohydrates, hence the name “testosteroni” (Liu et al., 2015). C.
testosteroni can be found in intravenous catheters, the respiratory tract, the abdomen
and urinary system, and the central nervous system (Altun et al., 2013).

Methylogaea oryzae :-

Is grows on methane or methanol as its sole carbon and energy source. It is a Gram-
negative, nonmotile, nonpigmented, . It is aerobic, neutrophilic, and mesophilic
(optimum growth at 30—35 °C ) (Geymonat et al., 2011).
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Conclusions:-
The study displayed that frozen foods (meat products and chicken cuts and their
products) contain many bacteria , although local products were contaminated lower

than imported ones.

The contamination might occurs inside slaughter houses, during the additional
processing of meat , the tools used and workers or during storage its. Therefore ,it is
important to improve the health quality of meat(ensure that it is fit for human
consumption ) ,whether its imported or local .

Isolation and identification of many pathogenic bacteria such as Bacillus
licheniformis, Klebsiella pneumonia and Acinetobacter baumannii which cause great
public health concern due to its zoonotic transmission to humans and it is ability to

cause severe disease in human.

Isolation and identification of many spoilage bacteria such as Psuedomonas spp.,
Serratia spp. and Lactic acid bacteria that cause spoilage of food by changing its taste
and smell , which may lead to economic losses.

Sixteen bacterial strains isolated from frozen foods were recorded in the Gene Bank as

a new strains recorded for the first time in Iraqg.
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Recommendations:-

1-

Regular monitoring of meat and meat products is necessary to prevent potential public
health problems, and the need to improve food safety by implementing sanitary
measures at all levels from production to consumption.
The lack of borders control, entry of most shipments of frozen meat unchecked,
frequent electricity shortages for long hours, poor storage all contribute to increasing
contamination with foodborne pathogens. Therefore ,food shipment should be check
before entering the country, don't allow for unreliable sources to import and improve
storage conditions.

The proper management should be taken in the markets to reduce the transmission of
zoonoses to humans, and an appropriate control program for microbial contamination
of all foodborne pathogens should be established.

Studying the effects of environmental conditions on proliferation of meat spoilage
microorganisms .

A comparative study of meat contamination before and after its cooking process.
Conducting a molecular study of the isolated bacterial species and determining the
degree of their resistance to antibiotics.

Using a Multiplex PCR technique to diagnose isolated bacterial species using special
primers for each type.

PCR technique the best for identification of bacterial and they were isolates than the
Vitek2 compact system.

The advantages of Monoplex PCR and Multiplex PCR techniques over traditional
methods of biochemical testing. Moreover, traditional methods should be replaced by
advanced molecular methods, because they are reliable, fast, sensitive, and labor

saving.

10- Study of large number of samples from different sources of local and imported

products.
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Appendix (1): A pure culture of isolated bacteria.




Appendix (2): Gram stain of bacterial isolates, examined under light

microscope with magnification power 1000x.




Appendix (3) : (A) The bacterial growth on the Blood agar. (B) The
bacterial growth on the MacConkey agar.

Appendix (4): Biochemical tests of bacterial isolates by Vitek-2 system:

Isolates numbers Bionumber probability
M1 0000003100000040 99%
M2 0000001000000000 97%
M3 6607734753565010 99%
M4 4040000000000000 92%
M5 1003001100000040 95%
M6 0067213140000001 93%
M7 0001011103500352 97%




M8 0003011103500210 99%
M9 4427515555556230 99%
M10 5001611153500210 91%
M11 0600010000000201 Misidentified
M12 040000200000201 88%
M13 100012300101030 86%
M14 150006463773671 87%
M15 414030300431201 95%
M16 000010100000000 99%
M17 0600030157/70331 88%
M18 2301011100000000 Misidentified
M19 010010102000000 98%
M20 010004000660031 95%
M21 010000076720231 92%
M22 4200460156/1331 91%
M23 104000010000002 94%
M24 2727635773553010 86%
M25 000010100040000 99%

P1 502000445767531 90%

P2 2301614474000210 87%

P3 041030100000030 Misidentified
P4 070101201362531 87%

PS 4221510450240210 98%
P6 000000004320211 96%
P7 0605613440000200 86%
P8 000004000020021 93%
P9 5620704150260000 99%
P10 0000000301501001 99%




P11 2301714474000000 99%
P12 4003100100200000 97%
P13 010000001463431 97%
P14 2701614570000000 99%
P15 010012342220030 Misidentified
P16 010002021720221 Misidentified
Organls{n Quantity:
Selected Organism : Pseudomonas alcaligenes
7 =)
P =1
.~ lanalysis Time: 9.25 hours |status: Final
Selected Organtem T
ID Analysis Messages
Biochemical Details —\
2 |aPPa - [ ]abo - o [Pya - |5 ARl 7 JdCEL |- o |BGAL 1|
10 |H2S ~ |11 |BNAG _ |12 |AGLTP T |13 |sGLu ~lia laaT |- |15 |OFF - |
17 |BGLU - |18 |dmAL - |19 |dmAN - |20 |dMNE T |21 |BxYyL |- |22 |BAlap - |
23 [ProA + |26 _|uP 27 |PLE - |29 |fTyrA 31 jore |- 32 lesor |- |
33 |SAC - |34 [dTAG - |35 |dTRE - |36 lciT - |37 _|MNT |- {3s |skG -\
40 |ILATK - |a1 |aGLU - a2 |suct - a3 |NAGA 44 |AGAL |- |a5 |PHOS Jlil]
46 [GlyA 47 __|oDC - las |LDoC - |s3 |Hisa 56 |CMT |- |57 |ecur \J
58 |O129R 59 |GGAA = le1 |MLTa + |62 |ELLM 4 WATa |- | |




Organism Quantity:

Selected Organism : Klebsiella pneumoniae ssp pneumoniae

Comments:

|
|
g |
[identification Information Analysis Time: 4.00 hours [Status: _ Final ol
Selected Organism 99% Probability Klebsiella pneumoniae ssp pneumoniae J
Bionumber: 6607734753565010
ID Analysis Messages J
Biochemical Details 4‘
2 |APPA -~ |2 |apo T & |Pva T |5 [ARL - [7 Jacer [+ [s |BGAL 1+ |
10 |H2S - |11 |BNAG - |12 |acLTp - |13 |acLu + |14 |GGT |+ |15 |oFF 1+ |
17 |BGLU + |18 |dMAL + |19 |dman + |20 |dmNE + |21 |BXYL |+ |22 |BAalap - |
23 |ProA - |lee |uP - |27 |PLE + |29 |TyrA + |31 |URe |+ |2 |dsor 1+
33 |SAC + |34 |dTAG - |35 |dTRE + |36 |CIT + |37 [MNT |+ las IskG k=0
40 |ILATK + |41 |aGLU - laz |sucT 4+ |43 |NAGA ~ laa |AGAL |+ |as |PHOS |
46 |GlyA + |a7 |oDC - las |LDC + |53 |IHISa - |se |cmT |- Is7 |scur E
58 |O129R + |s9 |cGAA - et |MLTa - le2 |eLm ~ |ea ltata |- | |
{ )
Organism Quantity:
Selected Organism : Acinetobacter baumannii complex
Comments: 3 ===—_1]]
Identification Information Analysis Time: 8.75 hours |Status: Final
Selectsd Organiem 97% Probability Acinetobacter b nii complex
Bionumber: 0001011103500352
ID Analysis Messages
Biochemical Details
2  |APPA - |3 Jabo - |a  |pya 5  |laRL - |7 ldceL - o IBeAL -
10 |H2s - |11 |BNAG - |12 |aGLTp 13 |dGLU + |14 |GGT - |15 |oFF -
17 |BGLU - |18 |dmAL - |13 |amaN 20 |dMNE + |21 |BXYL - |22 |BAlap -
23 |ProA + |26 |uP - |27 |PLE 29 |TyrA + {31 |URE - |32 |dsor -
33 [SAC - |34 |dTAG - |3s |dTRE 36 |CIT + |37 |MNT + |39 |skG -
40 [ILATK + |41 |aGLU - la2 |sucT + |43 |NAGA - laa lacaL - las |PHOS -
46 |GlyA - |a7z Jobc - las |LDC 53 [IHISa + |s6 |cmT + |57 |BGUR - |
58 [O129R + |59 |GGAA - |61 [IMLTa + |62 |ELLM - lea Iwata |+ | | | |




Appendix (5) : DNA sequencing
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