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Abstract

Abattoirs generate enormous volume of wastewater, containing high level of pathogenic bacteria, antibiotics and
organic matter. Discharge of untreated abattoir wastewater can cause surface and groundwater pollution and negatively
affect aquatic ecosystem, thereby, posing risks to public health. This study is aimed at determining antibiotic resistance
pattern of the Gram-negative bacteria isolated from abattoir wastewater in Amosun, Ibadan, Nigeria. Wastewater
samples were aseptically collected from the abattoir in sterile bottles using standard method and was analyzed for their
physicochemical properties. Standard pour plate method was used for bacterial enumeration and isolation using
Nutrient agar and MacConkey Agar, respectively. Identification of the isolates was done using conventional methods.
Antibiotic susceptibility test was performed against 5 selected antibiotics using the Kirby-Bauer’s disk diffusion
technique according to the Clinical and Laboratory Standards Institute guidelines.

The mean physicochemical parameters of the wastewater showed a pH of 6.33, turbidity of 250 NTU and a strong
odour. The mean total heterotrophic bacteria count was 2.42 x 102 CFU/mL. A total of 30 Gram-negative bacteria
including: Pseudomonas spp. (11), Enterobacter spp. (7), Klebsiella spp. (4), Aeromonas spp. (2), Providencia spp.
(2), Escherichia coli (1), Proteus sp. (1), Serratia sp. (1), and Alcaligenes sp. (1) were isolated. The antibiotic
susceptibility profile showed a total resistance to amoxicillin- clavulanic and high resistance rates: 96.6% to both
ceftriaxone and ceftazidime, 73% to imipenem. The antibiotic resistance of diverse potential pathogens in abattoir
wastewater suggests a critical need for sustainable wastewater treatment and regulate the use of antibiotics in animal

husbandry.
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Introduction
Abattoirs are known as slaughterhouses which
play a significant role in the meat processing
industry by contributing to the global food supply
chain and processing millions of animals daily
(Bello and Oyedemi, 2009). The high demand for
meat leads to the generation of large amount of
wastewater, airborne pollutants, organic and
inorganic materials are generated during different
operations in the abattoir. Wastewater from
abattoir can pose public health risks to the people
within the abattoir environment, cause harm to
aquatic life and affects soil and vegetation if not
properly managed and treated (Gufe et al., 2025).
Abattoir wastewater consist of pathogens that
are of major concern as they can cause cross
contamination due to the spread of microbes to
food and non-food materials (Rodriguez- Lopez et
al., 2020). Pathogenic bacteria such as E. coli,
Salmonella,  Campylobacter,  Pseudomonas,
Klebsiella, Enterobacter and Serratia spp. have

been reported in abattoir wastewater (Homeier-
Bachmann et al.,2021). Human diseases caused by
Gram-negative bacteria include: sepsis, endotoxic
shock, pneumonia, diarrhea, meningitis and
urinary tract infections. Among the genera that
commonly infect humans are Yersinia spp.,
Shigella spp., Salmonella spp., Escherichia spp.,
Proteus spp., Enterobacter spp., Klebsiella spp.,
and Citrobacter spp. (Oliveira and Reygaert,
2023).

Commercial agriculture, especially animal
husbandry sector majorly relies on the use of
antimicrobials for improving animal health and
production. Antibiotics are used in livestock either
as therapeutics (treating individual animals) or
metaphylactic which involves treating the whole
herd due to the presence of diseases in some
animals (Homeier-Bachmann et al., 2021). The
problem of antibiotic misuse in animals and
humans in Nigeria, is majorly due to wrong and
sub-standard prescriptions by untrained medical
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professionals (Shaibu et al., 2021). Antibiotics are
also misused in animal husbandry for promoting
growth, increasing feed efficiency and weight
gain, preventing diseases in healthy animals, rather
than treating only diseased animals. The use of
antibiotics at sub-therapeutic doses can result into
the development of antibiotic-resistant bacteria
and spread of antibiotic residues to the food chain
(Sawa et al., 2020).

Antibiotic resistance is the mechanism by
which an organism adapts to survive in the
presence of antibiotics by pumping out, altering
the antibiotic-binding site, or making antibiotics
compatible, thereby shielding itself from the
effects of antibiotics (Samrot et al., 2023).
Consumption of antibiotics can change the human
microbiota and favor bacteria that are resistant to
antibiotics. Through sewage and effluents,
antibiotic  resistant bacteria and partially
metabolized antibiotics can find their way into
farmland and surface waterways after being
expelled into the environment (Verburg et al.,
2021).

There is an alarming increase in antibiotic
resistance among Gram- negative bacteria thereby,
making them one of the most important public
health issues in the world. Due to the high risk of
diseases, death rate and the frequent need for
patients to be in the intensive care unit (ICU), these
bacteria are of great clinical significance in
hospitals (Oliveira and Reygaert, 2023). Bacteria
can spread through their ability to form biofilms
that can persist over time in the environment
(Rodriguez- Lopez et al., 2020). Moreover,
biofilms can aid the horizontal transfer of
antibiotic resistance genes thereby raising
concerns regarding the dissemination of antibiotic
resistant bacteria (Ghidini ez al., 2022).

Antibiotic resistant Gram-negative bacteria
from abattoir wastewater sources include: some
strains of E. coli strains which have developed
resistance to fluoroquinolones and carbapenems
(Sawa et al., 2020). Report have shown that
Acinetobacter spp. are often resistant to multiple
antibiotics, including carbapenems and colistin.
Pseudomonas spp. are often resistant to antibiotics
like beta-lactams and fluoroquinolones. Klebsiella
spp. are resistant to the penicillins (Denissen et al.,
2024).

Materials and Methods

Study Area: The study area was Ibadan Central
Abattoir, Amosun, Akinyele Local Government
Area, kilometer 16, Ibadan- Oyo express way
Ibadan, Nigeria and located on latitude
7°22'39.22"N and longitude 3°54'21.28"E. It is the
largest abattoir in Nigeria (Kola-Aderoju and
Ityonzughul et al., 2024) with large number of
slaughtered cows daily.

Sample Collection

The abattoir wastewater samples were collected
into sterile 200mL bottles at four different
locations and the samples were pooled together.
Samples were collected bi-monthly for the period
of two months (May and June 2024). The samples
were collected during the day when the activity
was at its peak and were transported at 4°C in ice
packs to the to the Microbiology Laboratory,
KolaDaisi University for immediate
microbiological analysis.

Determination of the Physicochemical
Parameters of the Abattoir Wastewater

The physicochemical properties including:
Temperature, pH, odor, colour, Total Dissolved
Solids (TDS), dissolved Oxygen (DO),
conductivity and turbidity were analysed. The
physicochemical parameters were analysed based
on the American Public Health Association series
of Standard Methods of Examination of Water and
Effluent (APHA, 2012).

Determination of the Mean total Heterotrophic
Bacteria Count

The total heterotrophic bacterial count was done
using standard pour plate and serial techniques to
estimate the number of heterotrophic bacteria
present in the abattoir wastewater. Exactly 1mL of
the fourth ten-fold serial dilutions was aseptically
put in sterile petri plates. On cooling to 45°C, 20
mL of sterilized nutrient agar were added to each
plate and gently mixed. The plates were allowed to
solidify and incubated at 37°C for 24 to 72 hours.
The mean total heterotrophic bacteria count was
derived using the standard mean formula and was
expressed as CFU/mL.

Isolation and ldentification of Gram-negative
Bacteria

Gram-negative bacteria were isolated using
standard pour plate method, 1 ml of the wastewater
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sample were added to petri-dishes and mixed with
20mL of cooled, sterilized molten MacConkey
agar aseptically. After solidifying, the petri-dishes
were inverted and incubated at 37°C for 24 hours.
Pure cultures of Gram-negative bacteria were
obtained and stored in cryovial tubes at 4°C.The
isolates were identified using Gram reaction,
biochemical test such as catalase, urease, methyl
red, indole, oxidase, motility, Voges Proskauer,
citrate and sugar fermentation tests.

Antibiotic Susceptibility Testing

The antibiotic susceptibility test was performed on
Mueller-Hinton agar using the Kirby-Bauer disk
diffusion technique. The test was performed
against 5 selected antibiotics including:
Ceftriaxone 30ug, Ceftazidime 10pg, Imipenem
10pg,  Amoxicillin-clavulanic  acid  30pg,
Sulfamethoxazole- trimethoprim 25pg. The
diameters of the inhibitory zones surrounding the

disks were measured, recorded and interpreted
using the Clinical and Laboratory Standards
Institute guidelines, CLSI guidelines 2024.

Data Analysis

The data obtained from the abattoir wastewater
analysis were collated and analyzed Descriptive
statistics was done using MS Excel (Microsoft
Corp., USA).

Results

Physicochemical Analysis of Abattoir
Wastewater

The mean physicochemical parameters of the
abattoir wastewater revealed that the temperature
was 33°C, pH was 6.33, dark brown in colour,
odour was strong, turbidity was 250 NTU,
conductivity was 2000 pS/cm, total dissolved solid
was 1400 mg/L, and dissolved oxygen was 4.5
mg/L (Table 1).

Table 1: The Mean Values of the Physicochemical Parameters of Abattoir Wastewater

Physicochemical analysis Results WHO Standard of
abattoir wastewater

Temperature (°C) 33 <40

pH 6.33 6.5-9.5

Color Dark brown Platinum

Turbidity (NTU) 250 100

Conductivity (uS/cm) 2000 1400

Total Dissolved Solid (mg/L) 1400 1000

Dissolved Oxygen (mg/L) 4.5 7.5

Odor Strong Weak

The Mean Total Heterotrophic Bacterial Count (THBC)
The mean value for the total heterotrophic bacteria count obtained from the abattoir wastewater is 2.42 x

10% cfu/mL (Table 2).

Table 2: The Mean Total Heterotrophic Bacteria Count

Abattoir wastewater

Total Heterotrophic Bacteria Count (10* CFU/mL)

Pooled Sample 1 218
Pooled Sample 2 220
Pooled Sample 3 290
Pooled Sample 4 240
Mean 242

Isolation and Identification of Gram-negative
Bacteria

A total of 30 Gram-negative bacteria belonging to
nine different genera were isolated and identified
as follows: Pseudomonas spp. (11), Enterobacter

spp. (7), Klebsiella spp. (4), Aeromonas spp. (2),
Providencia spp. (2), Proteus sp. (1), Escherichia
sp. (1), Serratia sp. (1) and Alcaligenes sp. (1)
(Table 3).
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Table 3: Percentage Distribution of Gram- negative Bacteria Isolated from Abattoir Wastewater

S/N Gram-negative bacteria No of isolates  Frequency of occurrence (%)
1 Enterobacter spp. 7 233
2 Pseudomonas spp. 11 36.7
3 Klebsiella spp. 4 13.3
4 Providencia spp. 2 6.7
5 Aeromonas spp. 2 6.7
6 Escherichia coli 1 33
7 Proteus sp. 1 33
8 Serratia sp. 1 33
9 Alcaligenes sp. 1 33

Antibiotics Susceptibility Profile of the Gram-
negative Bacteria

The antibiotic susceptibility profile showed total
resistance to amoxicillin-clavunanic acid. The
isolates showed high resistance rates: 96.6% to
both ceftazidime and ceftriaxone, 73% to both
imipenem and sulfamethoxazole-trimethoprim
(Figure 1). It was also revealed that all the
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Aeromonas spp. (2), Proteus sp. (1), Escherichia
coli. (1), Serratia sp. (1) and Alcaligenes sp. were
resistant to the all the tested antibiotics.
Pseudomonas spp., Enterobacter spp. and
Providencia spp. showed total resistance to three
antibiotics  including: amoxicillin-clavunanic,
ceftazidime and ceftriaxone (Table 4). All the
isolates exhibited multidrug resistance.
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Fig. 1: The percentage antibiotics susceptibility profile of all the Gram-negative bacteria.
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Table 4: The Antibiotics Susceptibility Profile of the Gram-negative Bacteria

AUG CAZ CTX IMP SXT
N
Isolates R I S R I S R % : S R I S R I S
Pseudomonas spp. 11 0 0 11 0 0 11 0 0 6 2 3 7 0 4
Enterobacter spp. 7 0 0 7 0 0 7 0 0 6 0 1 5 0 2
Klebsiella spp. 4 o o0 3 1 0 3 1 0 3 0 1 3 0 1
Providencia spp. 2 0 0 2 0 0 2 0 0 1 1 0 1 1 0
Aeromonas spp. 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
Proteus spp. 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
Serratia spp. 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
Escherichia coli 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
Alcaligenes spp. 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
Total 30 0 0 29 1 0 29 1 0 22 3 5 22 1 7

Keys: AUG: Amoxicillin-clavulanic acid
IMP: Imipenem
R- resistant

Discussion

Abattoir wastewater is a significant source of
environmental pollution and the presence of
pathogenic bacteria poses a major challenge due to
their ability to cause gastrointestinal diseases,
urinary tract infections and other severe health
issues. The discharge of abattoir wastewater
directly into the environment without prior
treatment is a great threat to water bodies as it
affects the aquatic life and the food chain (Gufe et
al., 2025).

The physicochemical analysis of the abattoir
wastewater which revealed a pH of 6.33, is lower
than the recommended standard (WHO, 2011) and
thus indicate that the wastewater is slightly acidic.
The acidic nature could enhance the survival and
growth of pathogens, potentially leading to the
spread of disease through improper disposal. The
temperature which was 33°C is within the
permissible limit of <40°C (WHO, 2011). The
turbidity which showed 250 NTU is higher while,
the dissolved oxygen of 4.5 mg/l is lower
compared to the finding of another study carried
out on abattoir wastewater from Northern part of
Nigeria (Bate et al., 2023). The low dissolved
oxygen observed in this study suggests low levels
of oxygen available for microbial degradation. The
total dissolved solids (TDS) of 1400 mg/l is in
agreement with a study conducted on abattoir
wastewater in Imo state Nigeria (Chinakwe et al.,
2022). The dark brown colour of the wastewater is
not within the WHO recommended standard. The
odor which was very unpleasant is suggesting the
presence of organic matter and this is similar to the
findings of another study in Lagos state (Ademola

CAZ: Ceftazidime
SXT: Sulfamethoxazole-trimethoprim
I- intermediate

CTX: Ceftriaxone
N: Numbers
S- sensitive

et al., 2017). The conductivity of 2000 puS/cm is
higher than the recommended standard (WHO,
2011).

The mean total heterotrophic bacteria count
which was 2.42x10*> CFU/mL is not in agreement
with another study on abattoir who reported a
higher microbial load (Awari et al., 2024). This
microbial load exceeded the WHO recommended
level of 100 CFU/mL reported by Bate et al.
(2023). The high microbial load indicates that the
abattoir releases effluents that are of major public
health concern to the environment.

Gram-negative bacteria, including
Escherichia coli, Klebsiella, and Pseudomonas
have been implicated in human infections (Ali and
Gujiba, 2024). The presence of Gram-negative
bacteria in the abattoir wastewater revealed a
significant presence of potentially pathogenic
bacteria, raising concerns about water quality and
public health threat. The recovery of nine different
genera such as Pseudomonas spp., Enterobacter
spp., Klebsiella spp., Aeromonas spp., Escherichia
coli, Proteus sp., Serratia sp., Alcaligenes sp. and
Providencia spp., is in contrast with the findings of
another study carried out in Eastern part of Nigeria
who reported five genera of Gram- negative
bacteria from abattoir wastewater (Awari et al.,
2024). The presence of diverse range of potentially
pathogenic bacteria in this study suggest a public
health threat to humans, animals and plants with
direct or indirect contact with the wastewater or the
receiving water bodies. This highlights the need
for effective treatment strategies to remove or
reduce microbial contaminants before discharge
into the environment.
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The antibiotic susceptibility testing of the
Gram-negative bacterial isolates from abattoir
wastewater which revealed a concerning level of
resistance to different antibiotics is an indication of
the spread of antibiotic resistance menace to the
environment. The total resistance to amoxicillin-
clavulanate and high resistance rates to;
ceftazidime,  ceftriaxone,  imipenem  and
sulfamethoxazole- trimethoprim observed in this
present study suggests the misuse of antibiotics in
animal husbandry. The observation that the
isolated Gram-negative bacteria were totally
resistant to amoxicillin-clavulanic acid and
showed high resistance to ceftazidime is in
agreement with the report of Olawale et al. (2020)
on abattoir wastewater Kwara state Nigeria. Also,
the high resistance rate to ceftazidime in this study
is similar to the high resistance to the same
antibiotic reported in Enterobactericeae from
abattoir wastewater in Germany (Homeier-
Bachmann et al., 2021). The high resistance
showed to imipenem by the recovered Gram—
negative bacterial isolates is in contrast to another
study conducted on wastewater from poultry
slaughterhouse which reported no resistance to the
same antibiotic (Savin et al., 2021). High
resistance to imipenem, one of the last line
antibiotics used in treating multidrug resistant
Gram-negative infection observed in this study can
lead the spread of infections which require longer
hospital stays, higher health cost and mortality due
to difficult to treat infections.

The total resistance of E. coli to all the 5 tested
antibiotics is not in agreement with resistance to
only one antibiotic reported in E. coli carried out
on abattoir wastewater (Onuoha et al., 2018).
However, the observation that Pseudomonas spp.
showed total resistance to amoxicillin-clavulanic
acid, is similar to the findings of another study
carried out on abattoir wastewater from Abakaliki,
Nigeria (Onuoha et al., 2018). This study which
revealed high resistance rates in Pseudomonas spp.
to both ceftazidime is in contrast to the low
resistance reported in Pseudomonas spp. from
abattoir effluents in Ogun state, Nigeria (Akpan et
al., 2020). The multidrug resistance pattern
observed in E. coli, Enterobacter spp. and
Klebsiella spp. is also similar to another study
conducted on Enterobacteriaceae from different
sources including abattoir effluents in Ethiopia

(Tesfaye et al., 2019). This study that revealed
multidrug resistance in all the nine identified
genera indicates widespread of multiple antibiotic
resistant bacteria in abattoir wastewater. The
widespread of these multidrug resistant bacteria in
abattoir wastewater that are channeled directly to
the environment indicate a major public health
threat to humans as it can lead to treatment failure
or delay if not properly controlled by effective
wastewater treatment and antibiotic stewardship
practices.

Conclusion

The physicochemical parameters not conforming
to the recommended standard, high microbial load,
significant presence of potentially pathogenic
bacteria coupled with high antibiotic resistance
rates in the abattoir wastewater indicates the
alarming levels of pollution, contamination and
spread of antibiotic resistant bacteria which pose a
significant threat to the soil health, water quality,
public health and sustainability of the
environment.

Recommendation

The abattoir industry should implement effective
waste treatment technologies to reduce pollution
and Dbacterial contamination and regular
monitoring and testing of wastewater should be
conducted to ensure compliance  with
environmental regulations.

References

Ademola, S. M., Adelowo, O. O. and Adedeji, O. A.
(2017). Physicochemical analysis of wastewater
from a poultry abattoir in Lagos, Nigeria. Journal
of Environmental Science and Health, 52(1): 39-
47.

Akpan, S.N., Odeniyi, O.A., Adebowale, 0.0.,
Alarape, S.A., Adeyemo, O.K. (2020). Antibiotic
resistance profile of Gram-negative bacteria
isolated from Lafenwa abattoir effluent and its
receiving water (Ogun River) in Abeokuta, Ogun
state, Nigeria. Onderstepoort J Vet Res., 15; 87
(1):el-e8. doi: 10.4102/0jvr.v87il.1854.

Ali, AF. and Gujiba, U. K. (2024). Household
wastewater management in sub-Saharan Africa: A
review. Discovery Water 4, 6 https://doi.org/
10.1007/543832-024-00060-6

Website: koladaisiuniversity.edu.ng/kujas
© KUJAS, Volume 2, 2025
Faculty of Applied Sciences




Olatoye et al.: Antibiotic Resistance Pattern of Gram-Negative Bacteria Isolated from Abattoir Wastewater, Amosun... 109

APHA (American Public Health Association). (2012).
Standard methods for the examination of water and
wastewater. (22nd ed., E. W. Rice Ed.).
Washington DC: American Public Health
Association, American Water Works Association,
and Water Environment Federation

Awari, V. G. L., Agu, K. C. Ogbonna, U. S. Ifediegwu,
M. C. Ebo, P. U., Anazodo, C.A., Abana, C. C.,
Chidubem-Nwachinemere, N. O., Egurefa, S. O.
and Nwosu, J. C. (2024). Microbiological
Assessment of Abattoir Effluent and Its Impact on
the Receiving Water Body in Nkwo Nnewi
Metropolis, Anambra State, Nigeria. /EEE-SEM,
12. 10. ISSN 2320-9151

Bate, G.B., Adeleye, A.O., [jamu, E.M., Olalere, E.O.,
Amoo, A.O., Asaju, C.I., Gimbu, P.S. and Yerima,
M.B. (2023). Quality assessment of wastewater:
Physicochemical and bacteriological evidence
from Dutse, northwest Nigeria. World Journal of
Environmental Biosciences, 12(3), 58-66.

Bello, Y. O. and Oyedemi, D. T. A. (2009). The impact
of abattoir activities and management in residential
neighbourhoods: A case study of Ogbomoso.
Nigerian Journal of Social Science, 19(2), 121-
127. doi: 10.1080/09718923.2009.11892699

Chinakwe, E.C., Nwogwugwu, N.U., Ihejirika C.E.,
Ngumah, J.C.,Mike-Anosike E.E., Ajugwo GC and
Iwuyji  J.C  (2022). Physicochemical and
microbiological qualities of abattoir waste water in
Egbu, Imo State, Nigeria. Microbiology Research
Journal International, 32(4), 31-36.

Clinical and Laboratory Standards Institute (CLSI)
(2024) Performance Standards for Antimicrobial
Susceptibility Testing. 34th Edition, CLSI.

Denissen, J., Reyneke, B., Waso-Reyneke, M.,
Havenga, B., Barnard, T., Khan, S. and Khan,
W.2022. Prevalence of ESKAPE pathogens in the
environment:  Antibiotic  resistance  status,
community-acquired infection and risk to human
health. International Journal of Hygiene and
Environmental Health 244, 114006, ISSN 1438-
4639, https://doi.org/10.1016/].ijheh.2022.114006.

Ghidini S, De Luca S, Rodriguez-Lépez P, Simon AC,
Liuzzo G, Poli L, Ianieri A, Zanardi E. (2022)
Microbial contamination, antimicrobial resistance
and biofilm formation of bacteria isolated from a
high-throughput pig abattoir. Ital J Food Saf-
11(3):10160. doi: 10.4081/ijfs.2022.10160.

Gufe, C., Chari, T.A., Jambwa, P., Dinginya, L.,
Mahlangu, P., Marowero, S.T., Majuru, C.S.
Kadungure, T. and Machakwa J. (2025). A review
on the occurrence of antibiotic-resistant bacteria
found in abattoir effluent from resource-limited
settings: The necessity of a robust One Health
framework.  Sustainable  Environment 11(1)
doi.org/10.1080 /27658511 .2025 .2464419

Homeier-Bachmann, T., Heiden, S. E., Liibcke, P. K.,
Bachmann, L., Bohnert, J. A., Zimmermann, D.
and Schaufler, K. (2021) Antibiotic-resistant
Enterobacteriaceae in Wastewater of Abattoirs.
Antibiotics, 10, 568. https://doi.org/10.3390/anti
biotics10050568.

Kola-Aderoju S. A. and Ityonzughul T.T.
(2024). Killing for living: Explaining the Economic
Essentials of Ibadan Central Abattoir 2009-
2021, SCIREA Journal of Economic 9 (1) 22-42.
10.54647/economics790437

Olawale S.I., Busayo O.M., Olatunji O.I., Mariam M.,
Olayinka O.S. (2020). Plasmid profiles and
antibiotic susceptibility patterns of bacteria isolated
from abattoirs wastewater within Ilorin, Kwara,
Nigeria. Iran J Microbiol, (6):547-555. doi:
10.18502/ijm.v12i6.5029. PMID:  33613909;
PMCID: PMC7884279.

Oliveira J, Reygaert WC. Gram-Negative Bacteria.
[Updated 2023 Aug 8]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2025
Jan-. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK538213/

Onuoha S. C. 2018. Distribution and antibiogram of
bacterial species in effluents from abattoirs in
Nigeria.  Journal of  Environmental and
Occupational Science, 7 (1) 1-8.

Rodriguez-Lopez, P., Filipello, V., Di Ciccio, P. A.,
Pitozzi, A., Ghidini, S., Scali, F., lanieri, A.,
Zanardi, E., Losio, M. N., Simon, A. C. and
Alborali, G. L. (2020). Assessment of the

Antibiotic Resistance Profile, Genetic
Heterogeneity and Biofilm Production of
Methicillin-Resistant Staphylococcus

aureus (MRSA) Isolated from The Italian Swine
Production  Chain.  Foods, 9(9), 1141.
https://doi.org/10.3390/foods9091141

Samrot, A. V., Wilson, S., Sanjay Preeth, R. S.,
Prakash, P., Sathiyasree, M., Saigeetha, S.,
Shobana, N., Pachiyappan, S., & Rajesh, V. V.
(2023). Sources of Antibiotic Contamination in
Wastewater and Approaches to Their Removal. An
Overview.  Sustainability,  15(16),  12639.
https.//doi.org/10.3390/sul 51612639

Savin, M., Alexander, J., Bierbaum, G. et al. (2021).
Antibiotic-resistant bacteria, antibiotic resistance
genes, and antibiotic residues in wastewater from a
poultry slaughterhouse after conventional and
advanced treatments. Sci Rep 11, 16622.
https://doi.org/10.1038/ s41 59 8-021-96169-y

Sawa, T., Kooguchi, K. and Moriyama, K. (2020).
Molecular diversity of extended-spectrum p-
lactamases and carbapenemases, and antimicrobial
resistance. Journal of Intensive Care, 8(1) 1-13.
doi: 10.1186/s40560-020-0429-6

Website: koladaisiuniversity.edu.ng/kujas
© KUJAS, Volume 2, 2025

Faculty of Applied Sciences




110 KUJAS Journal: Vol. 2, 2025

Shaibu, A.O., Okolocha, E.C., Maikai, B.V., Olufemi,
O.T, (2021). Isolation and antibiogram of
Salmonella species from slaughtered cattle and the
processing environment in Abuja abattoirs,
Nigeria. Food Control, 125, 107972, ISSN 0956-
7135, https://doi.org /10. 1016/j.foodcont.2021.
107972.

Tesfaye, H., Alemayehu, H., Desta, A.F. et al. (2019).
Antimicrobial susceptibility profile of selected
Enterobacteriaceae in wastewater samples from
health facilities, abattoir, downstream rivers and a

HOW TO CITE

WWTP in Addis Ababa, Ethiopia. Antimicrob
Resist Infect Control 8, 134.
https://doi.org/10.1186/s13756-019-0588-1

Verburg, 1., Garcia-Cobos, S., Leal, L.H., Waar, K.,
Friedrich, A.W., Schmitt, H. (2019). Abundance
and Antimicrobial Resistance of Three Bacterial
Species along a Complete Wastewater
Pathway. Microorganisms, 7, 312.

WHO (World Health Organization). (2011). Guidelines
for the safe management of wastewater in
abattoirs.

Olatoye, M., Odumuyiwa, P., Ogunleye, G., & Falodun, O. (2025). Antibiotic Resistance Pattern of
Gram-Negative Bacteria Isolated from Abattoir Wastewater, Amosun, Ibadan, Nigeria. KolaDaisi
University Journal of Applied Sciences, 2, 103-110. https://doi.org/10.5281/zenodo.17438539

Website: koladaisiuniversity.edu.ng/kujas
© KUJAS, Volume 2, 2025
Faculty of Applied Sciences




