International Journal of Science Academic Research
Vol. 04, Issue 11, pp.6579-6584, November, 2023

Available online at http://www.scienceijsar.com ISSN: 2582-6425

Research Article
ISOLATION AND IDENTIFICATION OF SOME PATHOGENIC AND CONTAMINATING
BACTERIAL SPECIES OF MILK PRODUCTS IN HILLA CITY

'Zaman S.Hamza and % "Zahraa A. Al-Ajeeli

'Biology Department /College of Science, Al-Qasim Green University,51013,Babil, Iraq
2Dairy Technology Science /Nutritional Science, Al-Qasim Green University,51013, Babil, Iraq

Received 29th September 2023; Accepted 25th October 2023; Published online 28t November 2023

Abstract

The main objective of this study was to identify and classify various pathogenic and contaminating bacterial strains found in milk products,
specifically focusing on cheese. A specimen of cheese that was found to be tainted was obtained and, after that, subjected to a sequence of
dilution procedures. Subsequently, a portion of these dilutions was inoculated onto various growth media, followed by the implementation of
several biochemical assays. Work continued on this project from the date of 22-11-2021/ 22-2-2022. Moreover, the pathogen bacteria species
were isolated and identified by cultivating the sample on E. coli, Proteus mirabilis, Klebsiella, Salmonella, and Staph. Aureus medium. Initially,
the sample underwent culturing on Eosin Methylene Blue (EMB) and MacConkey agar media to facilitate the identification of Escherichia coli
(E. coli) and Klebsiella species. Additionally, Proteus bacteria were isolated and identified through culturing on a blood agar medium.
Staphylococcus aureus (staph. aureus) bacteria were diagnosed using the Mannitol Salt agar medium, while Salmonella bacteria were identified
on the Selenite-Sulfite agar (S-S-agar) medium. The laboratory tests conducted include the Indole test, Urease test, Simmons citrate test, Catalase
test, Oxidase test, Coagulase test, and Fermentation test. Certain isolates exhibited negative results, while others displayed positive outcomes in
the biochemical assays. Furthermore, an experiment was undertaken. The study examined the sensitivity of antibacterial agents against various
bacterial strains. Results indicated that ciprofloxacin exhibited greater efficacy against Staphylococcus aureus, whereas Gentamycin and
Amikacin demonstrated lower effectiveness. Conversely, all antibacterials above displayed equal efficacy against Escherichia coli. Additionally,

Pseudomonas bacteria were found to be resistant to all tested antibacterials.
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INTRODUCTION

Dairy products are foods rich in proteins, fats, minerals and
vitamins, and they are of high nutritional value. These products
are exposed to contamination with microorganisms such as
bacteria and moulds during their collection, transportation,
storage and handling [1,2]. This contamination is common in
our country as the Milk is made in uncooled places for long
hours and in the market under direct sunlight. Pollution may
occur due to the growth of moulds on the surface of the Milk,
which leads to the secretion of toxins in it [3]. Dairy products
may contain many pathogens that are related to bacterial
contamination of Milk and its derivatives, as most of these
pathogens die through pasteurization, but there are a number of
them that resist this process [4,5]. This leads to its growth and
the formation of a thin, sticky layer known as the biofilm
formed in laboratories and dairy products with the industrial
biofilm, and among the bacteria that make up this membrane
are Staphylococcus, Bacillus, E.coli, pseudomonas, Proteus,
klebsiella isolates [6,7]. The biofilm is one of the virulence
factors of pathogenic bacteria, as the bacteria gather inside
extracellular polymers and the formation of cell structures in
the form of a thin membrane that sticks to the surfaces. This
membrane is formed in response to factors such as high density
and environmental conditions unsuitable for production,
storage and marketing processes [8]. The importance of
entanglement in the production of biofilms is significant, and
its significance extends to the isolates of Proteus bacteria
[9,10].
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The proliferation of microorganisms in cheese is affected by
various parameters, including moisture content, water activity,
redox potential, aerobic or anaerobic conditions, pH, acidity,
and salt level [11]. Bacterial contamination of cheese products
can arise during both the processing and post-processing
handling stages, particularly when adequate sanitation
standards are not implemented. Spoilage bacteria in cheese can
be derived from inferior-quality raw Milk. For instance, certain
thermo tolerant bacterial species such as Bacillus, Clostridium,
Lactobacillus, Microbacterium, Micrococcus, and
Streptococcus can withstand heat treatment applied to milk and
proliferate in specific types of cheese products [12, 13].

METHODOLOGY

Samples and Methods
Samples

1gm of cheese sample was taken from the place designated for
selling cheese in Hilla, and a series of required dilutions were
made, and it was grown on different media.

Preparation of Reagents

Oxidase reagents: The oxidase reagents were made by
directly dissolving 0.1 grams of tetra-p-paraphenylene diamine
dehydrochloride in 10 milliliters of distilled water. The
resulting solution was then stored in an opaque container to
assess the bacterial capacity for oxidase enzyme production
[14].
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Catalase reagents: A dark container was used to store 3% of
H202 to assess the catalase enzyme production capabilities of
bacteria [14].

Kovac's reagents: The preparation involved dissolving 5
grams of P-dimethylamine benzyl aldehyde in 75 millilitres of
amyl alcohol and adding 35 millilitres of concentrated
hydrochloric acid. The Indole synthesis was detected using the
method above [15].

Solutions

Normal saline solution: The solution dissolved 8.5 grams of
sodium chloride (NaCl) in a small amount of distilled water.
The volume was then adjusted to 1000 millilitres, and the pH
was 7.2. The solution was sterilized using an autoclave at a
temperature of 121 degrees Celsius for 15 minutes.
Subsequently, it was stored at 4 degrees Celsius (15).

EDTA Solution: The solution dissolved 0.4 grams of EDTA
in 12 millilitres of distilled water (D.W.). The pH of the
solution was adjusted to 8 by adding 10 N sodium hydroxide
(NaOH). Subsequently, the volume was increased to 20
millilitres to achieve a total concentration of 20 milligrams per
millilitre [16].

Gram Stain Solutions: The specified microbiological
protocols made the solutions. The solutions utilized in the
study encompassed four distinct substances: crystal violet,
iodine, pure alcohol, and safranine [17].

Preparation of Culture Media

A set of culture media was prepared by the manufacturer's
guidelines and subjected to sterilization using autoclaving at a
temperature of 121 degrees Celsius for 15 minutes.

MacConkey Agar Medium (pH:7.3)

The company has written the recommended methodology. Its
primary purpose was to isolate the majority of Gram-negative
bacteria and differentiate between bacterial isolates that
ferment lactose and those that do not [18].

Blood Agar Medium (PH:7.1)

The blood agar medium was made by dissolving 40 grams of
blood agar base in 1000 millilitres of distilled water. The
media underwent autoclaving at a temperature of 121 degrees
Celsius for 15 minutes. Subsequently, it was cooled to 50
degrees Celsius, following which a 5% concentration of fresh
human blood was introduced. The medium above cultivated
meticulous bacteria with specific growth requirements [14].

Nutrient agar medium

The nutrient agar medium was created by the specifications
provided by the manufacturing business, with a concentration
of 28 grams per litre. The utilization of this method
encompassed a wide range of applications, including
conducting general research, cultivating bacterial isolates, and
activating them as needed [15].

Muller-Hinton agar medium

The Muller-Hinton agar medium was made according to the
instructions provided by the manufacturer. The technique
above was employed to assess antibacterial susceptibility [15].

Mannitol salt agar medium

The procedure involves the suspension of 111 grams of
Mannitol Salt Agar in 1000 millilitres of purified water. Heat
the medium until it is completely dissolved. The recommended
method for sterilization is autoclaving at a pressure of 15
pounds per square inch and a temperature of 121 degrees
Celsius for 15 minutes. If desired, the sterile Egg Yolk
Emulsion (E7899) may be included in the solution post-
autoclaving at a final concentration of 5% v/v. The user's text
must be completed and provide information to rewrite
academically [15].

Salmonella Shigella Agar (SS agar medium)

The components were suspended by adding a dehydrated
powder to water, namely 63 grams of powder in 1000 ml of
pure or distilled water. Heat the mixture while stirring
regularly to ensure complete dissolution of the medium. It is
advised to refrain from autoclaving or subjecting the medium
to excessive heat, as overheating can compromise the
medium's selectivity. The user's text must include information
or content to be rewritten academically [19].

Eosin Methylene Blue (EMB) Agar Medium

Dissolve 36 grams of EMB Agar in 1000 milliliters of distilled
water. Apply heat in order to achieve thorough dissolution of
the medium. The recommended method for dispensing and
sterilizing is autoclaving at a pressure of 15 pounds per square
inch and a temperature of 121 degrees Celsius for 15 minutes.
It is advisable to prevent excessive heat generation. The liquid
should be cooled to a temperature of 50 °C and agitated to
facilitate methylene blue's oxidation, restore its blue hue, and
evenly disperse the flocculent precipitate [20].

Laboratory diagnosis

Microscopic examination and colonial morphology:
Identification of each main positive culture relied on the
morphological attributes of a single colony, including colony
size, shape, colour, type of pigments, translucency, edge,
elevation, and texture. A Gram stain was employed to examine
the cellular morphological characteristics of bacterial cells,
encompassing Gram reaction, shape, organization, capsules,
spores, and other relevant qualities.

Biochemical tests

Catalase test: Catalase is an enzymatic catalyst responsible for
facilitating the decomposition of hydrogen peroxide into
oxygen and water. The nutrient agar medium was inoculated
with the chosen bacterial colonies and incubated at 37 °C for
24 hours. Following incubation, the growth was carefully
transferred onto the surface of a pristine slide using a wooden
stick. A 3% hydrogen peroxide (H202) drop was introduced
into the bacterial growth. The presence of gas bubbles signifies
a positive outcome [14].

Oxidase test: This test's success relies on certain bacterial
oxidase enzymes, which facilitate the transfer of electrons
between electron donors inside the bacteria and a redox dye
called tetramethyl-p-phenylene-diaminedihydrochloride. As a
result of this electron transfer, the dye undergoes reduction and
exhibits a distinct deep purple colouration.
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A strip of filter paper was saturated with a small recently
prepared reagent. Subsequently, the colony under examination
was collected with a sterile wooden stick and gently spread
across the surface of the filter paper. The presence of a good
outcome was demonstrated by the emergence of a vivid and
profound purple hue, observable within a time frame of 5 to 10
seconds [14].

Indole test: The peptone water medium tubes were infected
with the colony of the bacteria under investigation and then
incubated at a temperature of 37°C for 18 hours. Following this
incubation, a few drops of Kovac's reagent were introduced
into the broth medium. The positive outcome of the experiment
was determined by the presence of the red ring on the surface
after agitation [21].

Citrate utilization test: The colony of the examined bacteria
was used to inoculate the surface of the Simmons citrate slant
medium, which was then incubated at a temperature of 37°C
for 1-3 days. The change in colour of the indicator from green
to blue signifies the organism's ability to utilize citrate as the
only source of carbon [21].

Urease test: Urease is an enzymatic catalyst that facilitates
hydrolysis of the carbon-nitrogen bond present in amides,
producing carbon dioxide, ammonia, and water. The urea-
based agar was subjected to sterilization using an autoclave.
Subsequently, it was cooled to a temperature of 50°C, and urea
substrate was introduced into the agar. The mixture was then
put into sterile tubes. The agar was inoculated with a bacterial
culture and incubated at 37°C for 24 to 48 hours. Upon the
breakdown of urea, the release of ammonia occurred, leading
to an elevation in the pH of the medium. The pH shift was
identified using a pH indicator, which exhibited a colour
transition to pink in an alkaline environment. A pink medium
was observed, indicating a positive result for the presence of
urease. The absence of deep pink hue development was
observed as a negative response.

Coagulase test: The test involves the utilization of rabbit
plasma that has undergone vaccination with staphylococcus
bacteria. The tube is subjected to incubation at a temperature
of 37 °C for one hour and thirty minutes. The outcome is
negative, with a duration of 18 hours. Conversely, if the
outcome is positive, the plasma will undergo coagulation and
manifest as aggregated fragments [22].

Antibiotic susceptibility testing

Disk diffusion test: The experiment was conducted with a
sterile culture of a previously discovered bacterial strain.
Determining the most effective Antibiotic for each bacterial
isolate followed the suggested methodology outlined in the
reference [23]. The inoculum for this experiment was created
by introducing five isolated colonies cultivated on a blood agar
plate into five millilitres of nutrient broth. The mixture was
then incubated at 35 degrees Celsius for 18 hours. The
resulting inoculum was subsequently compared to a (0.5)
McFarland standard tube. A sterile swab was employed to
collect an inoculum from the bacterial suspension, which was
subsequently streaked onto a Mueller-Hinton agar plate and
desiccated. In this experiment, the antibiotic discs were
carefully positioned on the medium's surface at regular
intervals using flamed forceps or a disc applicator. The
samples were then incubated for 18 hours.

The measurement of inhibition zones was conducted by
employing a ruler and then comparing the obtained results with
the previously determined zones of inhibition as reported by
[23].

RESULTS AND DISCUSSION

Isolation and identification of pathogenic bacteria

The present investigation encompassed a representative sample
of adulterated cheese obtained from a local cheese
establishment in Hilla. In the region of Babil Governorate in
Iraq, a significant number of research studies have been
conducted on the issue of cheese contamination. In the country
of Iraq, namely in the region of Salahaldin, there is a
significant presence. This study aims to isolate and identify
harmful bacteria, specifically E. coli and Klebsiella, by
appropriate laboratory techniques. A study conducted by
Alubady (2010) in Mosul demonstrated that the contamination
rate reached 100%. The majority of these contaminations were
found to be associated with Enterobacteriaceae, accounting for
approximately 80% of the cases. Approximately 16.66% of the
cases were found to be associated with staphylococci.

This investigation involved isolating and identifying various
bacterial species from a contaminated cheese sample. The
discovered bacteria included Staphylococcus — aureus,
Escherichia coli, Salmonella, Klebsiella, and Proteus
mirabilis. ~Gram-negative bacterial species, including
Escherichia  coli, Proteus mirabilis, Klebsiella, and
Salmonella, were identified by cultivating on different culture
media using the streaking method. The media utilized in this
study encompass blood agar, selective-salt agar, MacConkey
agar, eosin methylene blue agar, and nutrient agar.

A Gram-positive bacterium, specifically Staphylococcus
aureus, was obtained by cultivating on a medium known as
Mannitol salt agar. After plotting the sample on Macconkey
medium, single, dry, circular pink colonies appeared fermented
with lactose sugar. These characteristics apply to E. coli
bacteria. Figure (1A) shows that the EMB medium was also
used as a diagnostic medium when the sample was plotted on
the medium, so bright green colonies appeared. This proves the
presence of E. coli bacteria after diagnosing it on Macconkey's
medium. As shown in Figure (1B)

Figure 1. The growth of E coli on the different culture media:
A-MaCconkey agar, B- EMB agar

Moreover, the sample was plotted on Macconkey medium and
found pale, colourless, unfermented colonies of lactose. These
characteristics apply to salmonella. As shown in Figure (2A),
The sample was also planted on S.S. agar medium, and black
colonies appeared, indicating the presence of typhoid bacteria
(salmonella).
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The reason for the appearance of salmonella bacteria in black
colour on the medium is the presence of thiosulfate and iron
citrate, and they have a role in revealing the ability of bacteria
to produce H2S and thus, an interaction occurs between Fe and
H2S; FeS produces iron sulfide, which has a role in the colour
of black colonies. As shown in Figure (2B).

Figure 2. The growth of Salmonella typhi on the different culture
media: A-MaCconkey agar , B- SS agar

In addition, the material was grown on Macconkey's medium,
forming colonies that exhibited a uniform violet colouration
and possessed a wet and mucous consistency. The observed
colonies were distinct from those of intestinal Escherichia coli
bacteria and consequently identified as colonies of Klebsiella
bacteria. As seen in Figure 3.

Figure 3. The growth of Salmonella typhi on MaCconkey agar

Furthermore, the diagnostic culture media employed included a
blood agar medium, facilitating observing swarm formation in
bacteria, including Proteus mirabilis. As depicted in Figure 4.

Figure 4. Proteus miribilis on Blood agar

Furthermore, a specimen was subjected to diagnosis through
cultivation on a medium known as Mannitol Salt Agar. This
resulted in the emergence of yellow colonies, indicating a shift
in the pH of the medium from basic to acidic due to the
fermentation of Mannitol sugar. This characteristic is
commonly observed in Staphylococcus aureus, As depicted in
Figure 5.

Figure 5. Staph.aureus on mannitol salt agar

Biochemical characterization

The initial isolate exhibited negative results for Citrate and
Coagulase but positive results for Indol consumption, catalase
activity, oxidativease activity, Urease production, and H2S
production. These findings suggest that the isolates are likely
derived from Escherichia coli. Several isolates were
recognized as Proteus mirabilis and exhibited good results for
citrate utilization, urease activity, catalase production, and
hydrogen sulfide (H2S) production. However, these isolates
tested negative for indole production, oxidase activity, and
coagulase production. In addition, The isolates exhibited
positive results for Salmonella identification through tests for
indole, urease, oxidase, and coagulase but were positively
identified through citrate, catalase, and H2S tests show in table
(1) [26, 27]. This investigation revealed that the predominant
intestinal bacteria identified were E. coli, Salmonella spp., and
Klebsiella spp. Prior research has also indicated that coliform
bacteria are more prevalent in milk and milk containers due to
their abundance in animal hosts and the surrounding
environment [28, 29]. The primary microbiological hazards
linked to ingesting dairy products derived from unpasteurized
Milk or cow's Milk that has been contaminated post-
pasteurization are E. coli and Salmonella spp. This is
particularly prevalent in underdeveloped nations with
inadequate hygiene protocols. The user did not provide any
text to rewrite [30].

In summary, this study presents findings indicating that milk
and dairy products are vulnerable to several pathogens, such as
Salmonella spp., S. aureus, E. coli, Klebsiella pp., and Proteus
spp. Several factors contribute to the occurrence and
abundance of pathogens in Milk and its products. These factors
include the size of the farm, the number of livestock present,
the level of hygiene during the milking process, the practices
followed in farm management, the sanitation measures
employed during  processing,  post-processing, and
transportation, and the geographical location and season. The
user's set of numbers consists of three elements [31, 32, 33].
Milk and dairy products can be contaminated by antimicrobial-
resistant (AMR) microorganisms that originate from several
sources, posing a possible danger of contamination. The
sources considered in this study include the animals
themselves, filthy milk containers, persons involved in milk
handling, and airborne dust and droplets that may be present
during production and processing [33].

Table 1. Results of biochemical tests of some pathogenic and contaminating bacterial species of milk products

Bacteria Indol citrate Ureaes Catalase Oxidase Coagulase H2S
E.coli + - + + + - +
Proteus mirabilis - + + + - - +
klebsiella - + + + + - +
Staph. aureus + + + + - + -
Salmonella - + - + - - +
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The user's content needs more information or context to be
rewritten academically. Therefore, it is crucial to address and
control the prevalence and spread of multidrug-resistant
microorganisms that can be transmitted via animal or animal-
derived products, such as Milk and meat. Furthermore, it is
crucial to maintain the effectiveness of currently available
antibiotics.

Antibiotic sensitivity towards the Pathogenic Bacteria
Isolated from Milk products

Furthermore, this study involved an assessment of bacterial
susceptibility to antibiotics. To evaluate this, three specific
antibacterial agents, namely ciprofloxacin, Amikacin, and
Gentamycin, were administered to staphylococcus bacteria.
The bacterium aureus exhibits greater sensitivity to the
antibiotic ciprofloxacin than Amikacin and Gentamycin.
Conversely, FE.coli  bacteria  demonstrate  equivalent
effectiveness in response to ciprofloxacin, Amikacin, and
Gentamycin, indicating that E.coli is susceptible to these
antibacterial agents. As depicted in Figures 5A and 5B, the
researcher employed pseudomonas bacteria in the study.
Notably, this strain of bacteria resisted various antibacterial
agents, including ciprofloxacin, Amikacin, and Gentamycin.
As depicted in Figure 5C.

Figure 5. Antibacterial activity of Some antibiotics on pathogenic
bacteria Isolated from Milk product, A: Staphylococcus aureus,
B: E coli, C: Pseudomonas

Several prior investigations conducted in various regions
across the globe have documented elevated numbers of
multidrug-resistant (MDR) bacteria [34, 35, 36], as well as
bacteria that produce extended-spectrum beta-lactamases
(ESBLs) [ 37, 38]. The elevated levels of resistance identified
in this study may be attributed to the improper utilization of
antibiotics within dairy farming practices. The findings
indicate that the utilization of these antibiotics is prevalent
throughout the geographical scope of the study. The presence
of considerable levels of drug resistance presents a noteworthy
public health concern due to the challenging nature of treating
foodborne outbreaks and the fact that this group of multidrug-
resistant organisms (MDRs) within the food supply serves as a
reservoir for disseminating resistance genes. The prevalence of
antibiotic resistance rates for affordable and commonly
accessible antibiotics is a cause for concern among low-income
groups residing in developing nations, such as Ethiopia, due to
the restricted accessibility and exorbitant expenses associated
with freshly created pharmaceuticals [39 ,40].

Conclusion

Certain pathogenic bacteria have the potential to infect cheese,
particularly when it is stored in unsanitary and unhygienic
environments.

REFERENCES

1. Heidinger JC, Winter CK, Cullor JS.(2009). Quantitative
microbial risk assessment for Staphylococcus aureus and
Staphylococcus enterotoxin in raw milk. J Food Prot.,
2009;72(8):1641-1653.

2. Oliver SP, Jayarao BM, Almeida RA (2005). Foodborne
pathogens in milk and the dairy farm environment: food
safety and public health implications. Foodborne Pathog
Dis., 2005;2(2):115-129.

3. Prandini. A. ,Tansini. G. ,Sigolo. S., Filippi. L. Laporta. M.
and Piva. G. (2008). On the occurrence of aflatoxin M1 in
milk and dairy products. J. Food Chem. Toxicol., 6(3): 169-
172.

4. Koo. I. (2008). Aguide to milk borne infections disease.
About. Com. Health Disease. Journal of Babylon
University/Pure and Applied Sciences/ No.(2)/ Vol.(20):
2012.

5. Moosavi MH, Mahmoudi R, Ghorbanpour E, Khatibi SA.
(2018). Evaluation of microbial and physicochemical
characteristics of raw cow milk delivered to pasteurized
milk plants in Tabriz city. Iran J Food Res.
2018;28(1):183-196.

6. Sharma. M. and Anand, S.K. (2002). Characterization of
constitutive microflora of biofilms in dairy processing
lines. J. Food Microbiol., 19(3): 627-636.

7. Hassani S, Moosavy MH, Gharajalar SN, Khatibi SA,
Hajibemani A, Barabadi Z. (2022). High prevalence of
antibiotic resistance in pathogenic foodborne bacteria
isolated from bovine milk. Sci Rep. 2022;12(1):3878.

8. O’Tool. G. ,Kuplan. H.B. and Kolter. R.(2000). Biofilme
formation as microbial development. Annu. Re. Micrbial.
45(6 ):49-79.

9. O’hara. C.M ,Brenner. F.W. and Miller. J.M.(2000 ).
Classification, Identification and Clinical significance of
Proteus, Providencia and  Morganella.  Clinical
Microbiology Reviews. October 2000. vol.13: 534-546.

10. 10-Sugrue I, Tobin C, Ross RP, Stanton C, Hill C. (2019).
Foodborne pathogens and zoonotic diseases. In: Raw Milk.
Academic Press; 2019:259-272.

11.Johnson, B. (2001). Toward a new classification of non
experimental quantitative research. Educational
Researcher, 30, 3-13.

12. Johnson, Simon, John McMillan and Christopher Woodruff
(1990). “Prop- erty Rights and Finance,” Unpublished
working paper, MIT and UC San Diego.

13.Ding T, Suo Y, Zhang Z, et al. (2017). A multiplex RT-
PCR assay for S. aureus, L. monocytogenes, and
Salmonella spp. detection in raw milk with pre-
enrichment. Front Microbiol. 2017;8:989. doi:
10.3389/fmicb.2017.00989.

14. Forbes, B.A., Daniel, F.S., and Alice, S.W. (2007). Bailey
and Scott's diagnostic microbiology. 12th. ed., Mosby
Elsevier company ,12:242-253.

15.Mac Faddin, J.F. (2000). Biochemical Tests for
Identification of Medical Bacteria. 3rd Edition, Lippincott
Williams & Wilkins, Philadelphia.

16. Sambrook, J. and Rusell, D.W. (2001). Molecular cloning a
laboratory manual. Cold spring Harbor, NY: Cold spring
Harbor laboratory press.32:154-165.



6584 International Journal of Science Academic Research, Vol. 04, Issue 11, pp.6579-6584, November, 2023

17. Collee, J.G., Fraser, A. G., Marmion, B. P. and Simmon, A.
(1996). Makic and McCartncy medical microbiology. 14th.
the Churchill living stone. Inc. USA.11:e221-e238.

18.Baron, C., and B. Coombes. (2007). Targeting bacterial
secretion systems: benefits of disarmament in the
microcosm. Infect. Disord. Drug Targets 7:19-27.

19. Einar. Leifson. Jour. Path, and Bact, 40 (1935), p. 581.
Also personal correspondence, 1934.. .. Milk Inspector and
City Bacteriologist, Geneva, New York.

20. Cheesbrough, M. (2000).Microbiological tests. District
laboratory practice in tropical countries. part,2.

21. Cruickshank, R.; Duguid, J.P.; Marmion, B.P. and Swain,
RH.A. (1975): "Staining methods", "Tests for
identification of bacteria" In: "The practice of medical
microbiology (Eds) Twelfth edition. Volume 2. Churchill
Livingestone, Edinburgh. London. New York pp31-157,
170-189 and 444-4438.

22.Yrios, J. W. (1977). Comparison of rabbit and pig plasma
in the tube coagulase test. J. Clin. Microbiol. 5:221-224.

23.Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial susceptibility testing. In: CLSI
Supplements M100S. 32th ed. Wayne, PA: Clinical and
Laboratory Standards Institute; 2022.

24.Berhe G, Wasihun AG, Kassaye E, et al.( 2020). Milk-
borne bacterial health hazards in milk produced for
commercial purpose in Tigray, northern Ethiopia. BMC
Public Health. 2020;20(1):894.

25.Tarekgne E, Skeie S, Rudi K, Skjerdal T, Narvhus
JA.(2015).Staphylococcus aureus and other
Staphylococcus species in milk and milk products from
Tigray region, Northern Ethiopia. Afr J Food Sci.,
2015;9(12):567-576.

26. Garrity, G. (2005). Bergey's Manual of Systematic
Bacteriology. (2nd Ed.). Vol.2. Williams and Wilkins,
Baltimore. London.

27.Holt, J.; Krieg, N.; Sneath, P. and Williams, S. (1994).
Bergey's Manual of determinative Bacteriology (9th Ed.).
Williams and Wilkins. Maryland. USA.

28. Pantoja JCF, Reinemann DJ, Ruegg PL.(2011). Factors
associated with coliform count in unpasteurized bulk milk.
J Dairy Sci., 2011;94(6):2680-2691. doi: 10.3168/
jds.2010-3721

29. World Health Organization (WHO). WHO Estimates of the
Global Burden of Foodborne Diseases: Foodborne Disease
Burden Epidemiology Reference Group 2007-2015.
Geneva, Switzerland: World Health Organization; 2015.

30. Mazurek J, Salehi E, Propes D, ef al. (2004). A multistate
outbreak of Salmonella enterica serotype Typhimurium
infection linked to raw milk consumption Ohio, 2003. J
Food Prot., 2004;67(10):2165-2170.

31.Oliver SP, Jayarao BM, Almeida RA. ( 2005). Foodborne
pathogens in milk and the dairy farm environment: food
safety and public health implications. Foodborne Pathog
Dis. 2005;2(2):115-129.

32. Farrokh C, Jordan K, Auvray F, et al. ( 2013). Review of
Shiga-toxin-producing Escherichia coli (STEC) and their
significance in dairy production.. Int J Food Microbiol.
2013;162(2):190-212.

33.Geletu US, Usmael MA, Ibrahim AM, Di Cerbo A.
(2022). Isolation, identification, and susceptibility profile
of E. coli, Salmonella, and S. aureus in dairy farm and their
public health implication in Central Ethiopia. Vet Med Int.,
2022.

34.Hassani S, Moosavy MH, Gharajalar SN, Khatibi SA,
Hajibemani A, Barabadi Z. (2022). High prevalence of
antibiotic resistance in pathogenic foodborne bacteria
isolated from bovine milk. Sci Rep., 2022;12(1):3878.

35.Aliyo A, Seyoum A, Teklemariam Z. (2022).
Bacteriological quality and antimicrobial susceptibility
patterns among raw milk producers and vendors in Gomole
district, Borena zone, Southern Ethiopia. Infect Drug
Resist., 2022;1:2589-2602.

36. Gebeyehu A, Taye M, Abebe R. (2022). Isolation,
molecular detection and antimicrobial susceptibility profile
of Salmonella from raw cow milk collected from dairy
farms and households in southern Ethiopia. BMC
Microbiol., 2022; 22(1):1. doi: 10.1186/s12866-022-02504-
2.

37. Sudarwanto M, Akineden O, Odenthal S, Gross M, Usleber
E. (2015). Extended-spectrum [-lactamase (ESBL)-
producing Klebsiella pneumoniae in bulk tank milk from
dairy farms in Indonesia. Foodborne Pathog Dis.,
2015;12(7):585-590.

38.Badri AM, Ibrahim IT, Mohamed SG, Garbi MI, Kabbashi
AS, Arbab MH. (2017). Prevalence of extended spectrum
beta lactamase (ESBL) producing Escherichia coli, and
Klebsiella pneumoniae isolated from raw milk samples in
Al Jazirah state, Sudan. Mol Biol., 2017;7(1):201.

39.Yilma Z, Loiseau G, Faye B. (2007). Manufacturing
efficiencies and microbial properties of butter and Ayib-
Ethiopian cottage cheese. Livestock Res Rural Dev.,
2007;19(7):1-12.

40. Tasnim UT, Islam MT. (2015). Pathogenic and drug
resistant bacteria in raw milk of Jessore city: a potential
food safety threat. Bangladesh J Vet Med., 2015;13(1):71—
78.

* % % ok ok ko



