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INTRODUCTION

Improper wastewater management has in-

Abstract. This study investigated the bacterial composition and the
effect of bacteriocin on bacteria isolated from abattoir wastewater. We
isolated bacteria from abattoir wastewater using standard
microbiological methods. We isolated lactic acid bacteria from
fermented food waste using standard microbiological methods and
confirmed their identity by 16S rRNA sequencing. We produced
bacteriocins from lactic acid bacteria by submerged fermentation and
purified them by ammonium sulphate precipitation and column
chromatography. We assayed bacteriocin extracts for antibacterial
activity using the agar well diffusion method. Bacteria isolated from
abattoir wastewater were Escherichia coli, Enterobacter aerogenes,
Klebsiella oxytoca, Salmonella sp, Staphylococcus aureus and Bacillus
cereus. We identified the lactic acid bacteria that showed significant
inhibition as Lactobacillus plantarum and Lactobacillus fermentum.
Lactobacillus plantarum and Lactobacillus fermentum bacteriocins both
showed the highest inhibition against Staphylococcus aureus, with
zones of inhibition of 16 mm and 15 mm, respectively. Both bacteriocins
showed the highest antagonistic activity against isolated bacteria at pH
4 and 40 °C. The activity of both bacteriocins decreased as storage time
increased. The results indicate that bacteriocins exhibit significant
inhibitory activity against bacterial strains in abattoir wastewater and
offer an alternative approach for treating abattoir wastewater.

Keywords: Antimicrobial;, Abattoir; Wastewater; Lactic Acid Bacteria;
Bacteriocin.

activities, to prevent outbreaks of foodborne dis-
eases. In Nigeria, regulation enforcement has
been dismal, resulting in a very pitiable state of

creased the discharge of untreated wastewater
into the environment and has amplified natural
water resource pollution [1]. The food industry
typically uses large amounts of water. Dairy, bev-
erage production, vegetable, fruit, oilseed, sea-
food, poultry, and other meat-processing pro-
cesses consume large volumes of freshwater.
From 2018 to 2019, the global meat market in-
creased by 6% due to rising per capita meat con-
sumption [2]. Meat production in abattoirs is a
major source of animal protein globally, and it
generates large amounts of waste. Government
agencies should ensure that abattoir staff follow
standard operating practices, including maintain-
ing personal hygiene and using personal protec-
tive equipment (PPE) while carrying out their
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affairs in abattoirs across the country. Abattoirs
across the country generally suffer from poor
drainage systems, inadequate education and
training for butchers and workers, poor waste
management, inadequate storage facilities, insuf-
ficient inspection and monitoring of animals and
meat products, and unreliable power supply,
among other deficiencies [3]. These inadequacies
mean consumers may be exposed to meat con-
taminated with foodborne pathogens.

High demand for meat correspondingly increases
freshwater consumption by meat processing
plants. Abattoirs, as a small industry, use large
volumes of water to wash and remove faecal
waste, stomach contents, and blood. These pro-
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cesses require an evacuation system separating
solid waste and fats, as well as treatment. Wastes
generated from abattoirs usually consist of blood,
oil, mineral and organic solids, salts, and chemi-
cals added during the handling operations. The
lack of facilities to handle this solid waste and
wastewater is a major problem in most abattoirs
in Nigeria. Wastewater generated from abattoirs
can significantly increase nitrogen, phosphorus,
and total solids in receiving water bodies, causing
water pollution [4]. Slaughterhouses are known
globally to contaminate the environment directly
or indirectly through several procedures and
may contribute to river deoxygenation, ground-
water contamination, and climate change. These
pose environmental safety concerns and reflect a
public health concern. Wastewater from abat-
toirs is a major source of environmental pollu-
tion. Researchers have previously isolated and
identified pathogenic bacteria such as Clostridi-
um perfringens, Vibrio cholerae, Pseudomonas ae-
ruginosa, Proteus sp., Escherichia coli, Klebsiella
pneumoniae, Salmonella sp., Staphylococcus aure-
us, and fungi such as Penicillium sp., Saccharomy-
ces sp., and Aspergillus sp. from abattoir effluents
in Nigeria [3]. These pathogens cause many food-
and water-borne infections. Likewise, animals
that come into contact with these pathogens can
serve as vectors, transferring them to humans
and leading to zoonotic infections. Waste man-
agement practices in many Nigerian abattoirs are
poor, posing public health and environmental
hazards. Open waste disposal and direct dis-
charge of effluents into water bodies are com-
mon effluent-disposal methods in many Nigerian
abattoirs, exposing nearby populations to serious
health risks. Abattoir wastewater can also con-
tribute to greenhouse gas emissions, especially
when piled up in ponds. Microbial activity pro-
duces methane, which intensifies the greenhouse
effect. These emissions increase global warming,
leading to climate change and extreme weather
events.

Conventionally, abattoir wastewater is treated by
physical, chemical and biological methods before
discharge or reuse. Several studies have exam-
ined and treated this type of wastewater using
treatment plants, either through aerobic meth-
ods or anaerobic techniques. Other treatment
methods for  purifying  slaughterhouse
wastewater include sand filtration and electro-
coagulation. However, these methods reduce in-
dicator organisms by only about one logarithmic
span.
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A new treatment approach could use extracellu-
lar extracts, such as bacteriocins, to treat waste.
Bacteriocins are antimicrobial peptides produced
by certain bacteria. Bacteriocins produced by lac-
tic acid bacteria are of particular interest because
they can control contaminants in food, feed, or
waste [5]. Bacteriocins are ribosomally synthe-
sised bactericidal or bacteriostatic peptides pro-
duced by certain bacteria [6]. Although Gram-
negative bacteria can produce bacteriocins, the
vast majority of bacteriocins characterised so far
are produced by Gram-positive bacteria. Lactic
Acid Bacteria (LAB) are Gram-positive, non-
sporulating, facultative anaerobic, cocci or rods
which produce lactic acid during fermentation.
They are mostly used as starter cultures in pro-
ducing acidophilus milk, yoghurt, buttermilk, cot-
tage cheese, hard cheeses, and soft cheeses [7].
They also process meats, alcoholic beverages,
and vegetables to produce products such as sau-
sages, cured hams, wine, beer, fortified spirits,
pickles, and sauerkraut. LAB are generally recog-
nised as safe, which has attracted industrialists to
use them in developing new products. LAB also
produce other metabolites, such as organic acids,
hydrogen peroxide, and vitamins, during fermen-
tation.

This research investigated the efficiency of bacte-
riocins produced by lactic acid bacteria in inhibit-
ing bacteria isolated from abattoir wastewater.

METHODS

Collection of Samples. The researchers aseptically
collected abattoir wastewater samples from the
Ubakala abattoir in Umuahia, Abia State, using
sterile containers. We aseptically collected local
fermented food products (fufu and ogi) and efflu-
ent samples from cassava and maise processing
plants in Umuahia, Abia State. We took them to
the Microbiology Laboratory at Michael Okpara
University, Umudike, for analysis.

Isolation and Purification of Bacteria from
Wastewater Samples. We prepared ten-fold serial
dilutions of the abattoir wastewater samples and
inoculated them onto Nutrient agar, MacConkey
agar, Salmonella-Shigella agar, and Eosin Meth-
ylene Blue agar. We incubated the culture plates
at 37°C, subcultured distinct colonies to confirm
their purity, and identified the isolates.

Identification of Bacterial Isolates. We identified
bacterial isolates based on morphological charac-
teristics and biochemical tests. We observed

1002



Path of Science. 2026. Vol. 12. No 8

ISSN 2413-9009

morphological characteristics for each bacterial
colony after 24 hours of growth. We performed
Gram staining, Endospore staining, motility tests,
and biochemical tests to identify the bacterial
isolates. The biochemical tests included the cata-
lase test, Coagulase test, Methyl red test, Indole
test, Citrate test, Voges-Proskauer test, Oxidase
test, and Sugar fermentation tests [8].

Isolation of Lactic Acid Bacteria (LAB). To isolate
LAB, 0.1 mL aliquots of fermented Fufu and Ogi
effluent samples were plated on MRS agar plates
after ten-fold serial dilution in 0.1% peptone wa-
ter. Samples were incubated in an anaerobic jar
at 37 °C for 72 hours. Distinct colonies were sub-
cultured onto MRS agar to obtain pure cul-
tures [9].

Characterisation of Lactic Acid Bacteria (LAB).
Lactic acid bacterial strains were characterised
based on their morphological, biochemical and
physiological properties. We examined each iso-
late microscopically after Gram staining and
Spore staining for identification. After morpho-
logical identification, we carried out biochemical
tests such as the catalase test, oxidase test, and
sugar fermentation tests. Probable identities
were confirmed using Bergey's Manual of Sys-
tematic Bacteriology [8].

Antibacterial screening of lactic acid bacteria
against isolated bacteria. We evaluated the anti-
bacterial activity of the LAB isolates against the
isolated pathogens using the agar well diffusion
method. We seeded 5 mL of an overnight culture
of each test organism onto Mueller-Hinton agar
plates. We cut wells into the agar using a sterile 5
mm diameter cork borer and dispensed 0.03 mL
of each LAB isolate into the respective wells. We
then incubated the plates at 37 °C for 24 hours
and measured the zones of inhibition after incu-
bation [9].

Molecular Identification of Lactic Acid Bacteria.
Lactic acid bacteria exhibiting significant inhibi-
tory activity were identified using prokaryotic
16S rRNA universal primers 27F (50 -
AGAGTTTGATCCTGGCTCAG-30) and 1492R (50 -
GGTTACCTTGTTACGACTT-30 ) performed with
the following PCR procedure: 3 min at 95 - C for
pre-deformation; 35 cycles of 95° C for 15 s,
60  Cfor 15s,and 72 » C for 90 s; and a final step
of 72 - C for 5 min. Inqaba Biotech Company se-
quenced the PCR products. We evaluated homol-
ogy between the obtained sequences and those
in GenBank using BLAST analysis on the NCBI
website. [10].
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Bacteriocin Extraction and Purification. We pro-
duced bacteriocin according to the following pro-
tocol: We inoculated 0.1% of each lactic acid bac-
teria isolate into 60 mL of MRS broth and incu-
bated the cultures at 37 °C for 24 hours. We then
centrifuged the cultures at 10,000 x g for 30
minutes. We treated the cell-free supernatant
with Chelaton-EDTA III and heated it at 80 °C for
10 minutes to remove other organic substances.
We then filtered the supernatant through a 0.22
um filter. The filtrate was precipitated with am-
monium sulphate (70% saturation) overnight at
4 °C. After precipitation, it was centrifuged at
10,000x g for 30 minutes and dissolved in dou-
ble-distilled water. The dissolved bacteriocin was
filtered through a 0.22-pm filter and dialysed us-
ing a 1000 Da cut-off membrane. The precipitate
was resuspended in a minimal volume of phos-
phate buffer (5 mL, pH 5.0) [11]. Furthermore, it
was applied on a diethylaminoethyl-cellulose
column (1.5 x 40.0 cm) equilibrated with 0.1
mol/L Tris-HCI buffer (pH 9) and eluted with a
linear salt gradient of NaCl (0-1 mol/L). The ac-
tive fractions were pooled, concentrated by am-
monium sulphate, loaded onto a Sephadex G-75
column (1.594 0 cm) equilibrated with 0.1 mol/L
Tris-HCI buffer (pH 9), and eluted with the same
buffer at a flow rate of 0.5 ml/min; the eluted
fractions were assayed for bacteriocin activity
[12]. Final purification was done by reverse-
phase high-performance liquid chromatography
(RP-HPLC) (Agilent) using a C-18 reverse-phase
column. The elution program was as follows: an
initial gradient from 0 to 60% of solvent B (0.1%
acetic acid in acetonitrile) from 0 to 20 min, fol-
lowed by a gradient from 60 to 100% of solvent
B from 20 to 25 min, and finally using 100% sol-
vent B for 5 min. The flow rate was 1 ml/min and
a UV detector monitored elution at 220 nm [13].
The fractions were collected and analysed for an-
timicrobial activity.

Antibacterial assay of bacteriocins. The antibacte-
rial activity of the purified bacteriocin extracts
was assayed against three isolated bacteria by
the agar well diffusion method. We added 0.1ml
of bacteriocin to 10 mm wells on Mueller-Hinton
agar previously inoculated with 0.1ml of isolated
bacterial suspensions. We incubated the plates at
37 °C for 48 hours and examined the zones of in-
hibition [14].

Effect of pH on bacteriocin activity. We adjusted
bacteriocins produced by each lactic acid bacte-
ria isolate to a pH range of 4 to 9 using diluted
acid and base solutions and allowed them to
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stand at room temperature for 2 hours. We de-
termined bacteriocin activity against the test or-
ganisms using the agar well diffusion method.

Effect of Temperature on bacteriocin activity. We
subjected the bacteriocin to different tempera-
tures (40 °C, 60 °C, 80 °C, and 100 °C). We deter-
mined the effect of these temperatures on bacte-
riocin activity against the indicator organisms
using the agar well diffusion method.

Effect of Storage on Bacteriocin Activity. We
stored the bacteriocin produced by each LAB iso-
late at 37 °C for 96 hours and determined its ac-
tivity every 24 hours against the isolates using
the agar well diffusion method.

Statistical Analysis. Data were analysed using
analysis of variance (ANOVA) and Tukey HSD
pairwise comparison in the R statistical pro-
gramming package.

RESULTS AND DISCUSSION

Identification of Bacteria. Identified bacteria were
Enterobacter aerogenes, Escherichia coli, Klebsiel-
la oxytoca, Salmonella sp, Bacillus cereus and
Staphylococcus aureus. Different studies have re-
ported isolating pathogenic bacteria from abat-
toir effluent. Previous research reported Esche-
richia coli and Staphylococcus species in different
abattoirs investigated in Rivers State, Nigeria
[15]. The presence of pathogenic bacteria in un-
treated abattoir wastewater can be attributed to
the large volume of organic waste generated in
abattoirs.

Antimicrobial Assay of Lactic Acid Bacteria.
Screening of lactic acid bacteria isolates using the
agar well diffusion method against three bacteria
isolated from abattoir wastewater showed that
two strains, L1 and L4, significantly inhibited the
organisms (Figure 1). We tested the antimicrobi-
al activity of the lactic acid bacteria isolates
against Escherichia coli, Staphylococcus aureus,
and Enterobacter aerogenes.

Zone of Inhibition (mm)

& ﬂ-‘- .
U x i D H e
o
Lactic Acid Bacteria Isolates

Figure 1 - Antimicrobial Assay of Lactic Acid
Bacteria Isolates
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Identification of Lactic Acid Bacteria. We investi-
gated the morphological, physiological, and mo-
lecular characteristics of lactic acid bacterial iso-
lates L1 and L4, which exhibited significant inhib-
itory activity against the isolated bacteria. We
identified them as Lactobacillus plantarum B19
and Lactobacillus fermentum HB3-3.

Antimicrobial Activity of Bacteriocins. Purified
bacteriocin extracts of Lactobacillus plantarum
and Lactobacillus fermentum were assayed for
antibacterial activity against three test organ-
isms. Lactobacillus plantarum bacteriocin exhib-
ited the highest inhibitory activity against
Staphylococcus aureus with an inhibition zone of
16mm and the least inhibitory activity against
Escherichia coli (11 mm). Lactobacillus fermen-
tum bacteriocin also showed the highest inhibi-
tory activity against Staphylococcus aureus (15
mm) and the least antibacterial activity against
Enterobacter aerogenes (12 mm). Figure 2 dis-
plays this.

Staphylococcus aureus M Escherichia coli ™ Entercbacter asrogenes

15 = = I

Zone of Inhibition (mm})
H

Lactobacillus fermentumn Bacteriocin Lactobacillus plantarum Bacteriocin

Lactic Acid Bacteria Isolates

Figure 2 - Antibacterial Assay of Purified
Bacteriocins

Effect of pH on the Antimicrobial Activity of Puri-
fied Bacteriocin Extracts. We determined the an-
tibacterial activity of Lactobacillus plantarum and
Lactobacillus fermentum bacteriocins at different
pH levels. The antibacterial activity of both bacte-
riocins decreased as pH increased. Both bacteri-
ocins showed the highest activity against the test
organisms at pH 4, similar to previous research
[16]. Lactobacillus plantarum bacteriocin exhib-
ited the highest activity against Staphylococcus
aureus at pH 4, with a zone of inhibition of 16
mm, and the least inhibition against Enterobacter
aerogenes at pH 9 (2 mm). Inhibition against iso-
lated bacteria differed significantly (P=0.05). Lac-
tobacillus fermentum bacteriocin also showed the
highest inhibitory activity against Staphylococcus
aureus (15 mm) and the least inhibitory activity
against Enterobacter aerogenes at pH 9 (2 mm).
Lactobacillus fermentum bacteriocin showed sig-
nificant differences in inhibition of the different
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spoilage organisms at different pH levels
(P=0.05). Figures 3 and 4 show these results.

Bacterial Isolate
Enterobacter aerogenes
g- —— Escherichiacoli
Staphyococcus aureus

Zone of.|nhbition..mm

Figure 3 - Effect of pH on Lactobacillus fermentum
Bacteriocin Antibacterial Activity

Bacterial Isolate
Enterobader aerogenes

— Escherichia ol

Staphyococous aureus

Zone.ofinhibition.mm.

Figure 4 - Effect of pH on Lactobacillus plantarum
Bacteriocin Antibacterial Activity

Effect of Temperature on the Antimicrobial Activ-
ity of Purified Bacteriocin Extracts. We deter-
mined the antibacterial activity of Lactobacillus
plantarum and Lactobacillus fermentum bacteri-
ocins at different temperatures. Both bacterioc-
ins showed the highest activity against the test
organisms at 40 °C. Lactobacillus fermentum bac-
teriocin showed the highest inhibitory activity
against Staphylococcus aureus at 40 °C, with an
inhibition zone of 15 mm. Lactobacillus planta-
rum bacteriocin showed the highest activity
against Enterobacter aerogenes at 40 °C, with an
inhibition zone of 16 mm. Both bacteriocins sig-
nificantly inhibited the test organisms (P=0.05).
The purified bacteriocin extracts showed the
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least activity between 80 °C and 100 °C against
Staphylococcus aureus, Escherichia coli, and En-
terobacter aerogenes. Figures 5 and 6 show these
results.

BacterialIsolate
Enterobacter aerogenes
~— Escherichia coli

Staphylococcus aureus

Zone.of.Inhibition..mm.

40 60 80 100
Temperature.C

Figure 5 - Effect of Temperature on Lactobacillus
fermentum Bacteriocin Antibacterial Activity

5]

Bacterdl lsolte
Enferchacter aemgenes
— Bstheichiacdi

o

Sephyloooous arews

ZoredfInhibion.nm.

TenperaureC

Figure 6 — Effect of Temperature on Lactobacillus
plantarum Bacteriocin Antibacterial Activity

Effect of Storage on the Antibacterial Activity of
Purified Bacteriocin Extracts. We determined the
antibacterial activity of Lactobacillus plantarum
and Lactobacillus fermentum bacteriocins after
different storage periods at 37 °C. Lactobacillus
plantarum bacteriocin showed the highest inhibi-
tion against the test organisms at 0 hours, with
the highest inhibition against Staphylococcus au-
reus (17 mm). Bacterial growth inhibition de-
creased as storage time increased. Inhibition of
the test organisms differed significantly over 96
hours (P=0.05).

Lactobacillus fermentum bacteriocin showed the
highest inhibition against the test organisms at 0
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hours, with the highest inhibition against Staphy-
lococcus aureus (16 mm). Inhibition of bacterial
growth decreased as storage time increased. In-
hibition of the test organisms differed significant-
ly over 96 hours (P=0.05). Figures 7 and 8 show
these results.

> 0 75 10

Husd Soap
Figure 7 - Effect of Storage on Lactobacillus
fermentum Bacteriocin Antibacterial Activity

N Becteridiscte
Briecbaier asogenes
— Extwidiacdi

0 p-s] mﬁd‘u‘;’@ ] 1m
Figure 8 - Effect of Storage on Lactobacillus planta-
rum Bacteriocin Antibacterial Activity

CONCLUSIONS

The research revealed pathogenic bacteria in ab-
attoir wastewater. These microorganisms are a
concern because of their environmental impact
and potential effects on public health. Increasing
antibiotic resistance increases the risk these or-
ganisms pose to nearby populations. All this
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points to the need for effective wastewater man-
agement to limit pathogen discharge into soil,
water bodies, and farmlands. The investigated
abattoir currently employs no wastewater
treatment procedure; this is a common challenge
across slaughterhouses in Nigeria, except in a few
locations. Conventionally, abattoir wastewater is
treated with physical, chemical and biological
techniques. However, these methods have disad-
vantages, such as chemical toxicity and high
costs.

The results suggest that bacteriocins produced
by lactic acid bacteria can inhibit microbial
growth. Lactic acid bacteria were isolated from
fermented food effluents, highlighting the poten-
tial to convert waste into useful products. Lacto-
bacillus plantarum and Lactobacillus fermentum
bacteriocins significantly inhibited the growth of
bacteria isolated from the wastewater. Bacterioc-
ins are a potentially safe alternative to chemicals
and antibiotics for mitigating pathogen effects.

As a matter of urgency, abattoirs in Nigeria
should apply robust wastewater treatment solu-
tions. The government must invest heavily in this
area as it has a weighty bearing on public health.
The government should install incinerators, an-
aerobic digesters, and other essential equipment
in all abattoirs to prevent environmental pollu-
tion. Abattoir operators should adopt waste-
recycling practices to improve waste manage-
ment. The government should modernise abat-
toirs by providing clean water, effective drainage
systems, and adequate refrigeration facilities.
Regulatory agencies should monitor and regulate
private abattoirs to ensure compliance with es-
tablished standards.

Researchers could incorporate bacteriocins into
the biological stage of wastewater treatment.
They should assess, evaluate, and test the ap-
plicability of these antimicrobial peptides to re-
duce pathogenic strains in abattoir wastewater
through pilot-scale studies to determine feasibil-
ity. To achieve this, further studies should char-
acterise producer strains, including their mecha-
nisms of action and optimised conditions for
maximum activity. Researchers should explore
using bacteriocins in synergy with other antimi-
crobials. Other natural antimicrobials, such as
plant-derived essential oils and extracts, could,
when used with bacteriocins, produce enhanced
antagonistic activity against pathogens.
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