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Abstract

The increasing prevalence of antibiotic-resistant pathogenic bacteria in smoked fish and chicken poses
a significant threat to food safety and public health. Exploring alternative approaches to inhibit these
pathogens is crucial for developing effective control measures. This study investigated the biological
inhibition of pathogenic bacteria isolated from smoked fish and chicken, exploring potential natural
alternatives for improving food safety and reducing the risk of foodborne illness. A total of 280
samples that comprises 40 samples each of native chicken meat, layers chicken meat, broiler chicken
meat, Chupea havengus (Herring/sawa), Truchurus trachurus (Horse Mackerel/Kote), Scomber
Scombrus (Atlantic Mackerel/Titus) and Sphyraema barracuda (panla). The in vitro activities of the
biological agents against the pathogenic isolates were determined using the agar-welled diffusion
method. The data obtained were analyzed using a one-way analysis of variance (ANOVA) and
turkey’s test as post hoc analysis. The pathogenic bacteria majorly encountered in the studied samples
were Escherichia coli 0157:H7 strain ECP19-598 (ECEC1), Staphylococcus aureus strain JP18269
(SAJP1), Listeria monocytogenes strain LM16 (LMLMZ1) and Salmonella enterica serovar Enteritidis
EC20110358 (SEEC?2). These bacteria recorded 60.40% resistance to conventional antibiotics majorly
amoxicillin (AMX), septrin in (SXT), chloramphenicol (CN), streptomycin (S) and augmentin (AU).
The plant extracts; Piper guineense (PU), Ocimum gratissimum (OR) and Gongronema latifolium
(GA) which contained alkaloids, tannins, phenolics, saponins, flavonoid, glycosides and steroids, and
Lactobacillus species; L. acidophilus strain NC56 (LAN56) and T. plantarum stain 2359 (LP2359)
significantly (p<0.05) inhibited the pathogenic isolates, and the activity was seen more on plant
extracts, mostly against ECEC1. Therefore, the medicinal plant extracts and Lactobacillus species
have shown pronounced activities against ECEC1, SAJP1, LMLM1 and SEEC?2 isolated from smoked
fish and chicken meat samples, and plant extracts were more pronounced mostly against ECEC1.

Article History

Received: 02 May2025
Accepted: 10 May 2025
Published: 14 May 2025

Scan QR code to view*

License: CC BY 4.0*

(SHON.

Open Access article.

Keywords: Smoked-fish, Chicken-meat, Pathogenic, Antibiotics, Extracts.
How to cite this paper: Ekechukwu, C. C., Umeh, S. O., Theukwumere, I. H., & Theukwumere, C. M. (2025). Biological Inhibition of Pathogenic Bacteria
Isolated from Smoked Fish and Chicken: An In Vitro Study. IPS Interdisciplinary Journal of Biological Sciences, 4(2), 85-92|
https://doi.org/10.54117/iijbs.v4i2.50.

1. Introduction

Pathogenic bacteria are a group of bacteria that pose a threat
to man in the environment due to their virulence (Amadi et al.,
2016). These bacteria comprise both Gram-negative and
Gram-positive. Their pathogenic nature entails that they can
cause debilitating illnesses to both man and animals when
contracted (Adzitey et al., 2013b). The ability of pathogenic
bacteria to cause diseases in man and animals depends on
factors such as microbial load, virulence, and state of the
immune cells of the host (Bardoe et al., 2023).

It is worthy to note that some pathogenic bacteria are innate
while some bacteria acquire their virulence in their
environment through transduction (Bhaisare et al., 2014).
Certain bacteria such as Salmonella enterica sub species
enterica serovar Typhimurium, Listeria monocytogenes,
Staphylococcus aureus, Echerichia coli 0157:H7, Shigella
dysentariae, Clostidium botulinum etc. are known for their
high pathogenic profile, which they exhibit by attacking cells,
tissues, and organs of the host either directly or by producing
potent toxins such as shiga toxin produced by E. coli 0157:H7
(Bhaisare et al., 2014; Camargo et al., 2017). These

4 This work is published open access under the Creative Commons Attribution License 4.0, which permits free reuse, remix, redistribution and transformation provided due credit is given.
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pathogenic bacteria are mostly found in ready to eat food such
as smoked fish and chicken, and most people in the society
depend on these type of food for survival on daily basis
(Darsanki et al., 2012).

Research has revealed that the impact of pathogenic bacteria
in the host can be curtailed using antibiotics (Dec et al., 2016).
Antibiotics are substances that contain chemical compounds
that can either inhibit or eliminate pathogens in the host. These
antibiotics had been optimized for a long period of time, to an
extent that the pathogens are no longer sensitive to most of
them, as they continue to proliferate in the presence of the
antibiotics, which used to eliminate or inhibit them (Dec et
al., 2014). This phenomenon is best described as antibacterial
resistance, and it had been a major challenge in the health
sector globally (Dhanasekaran et al., 2010). Some researchers
had attributed this ugly menace to excessive use of antibiotics,
incomplete dosage, and self-medication (Bhaisare et al., 2014;
Camargo et al., 2017). The effects of antibacterial resistance
are burdensome to man as revealed in the high rate of
morbidity and mortality, and overall depreciation in the
standard of living of the infected individuals (Bardoe et al.,
2023).

Research has shown that there is an extensive study on
alternative sources of antibacterial agents, which could serve
as an antidote to the threat posed by the resistant bacterial
species (Bhaisare et al., 2014). Certain bacteria such as
Lactobacillus species are generally known for their probiotics
potential (Dec et al., 2014). These bacteria are capable of
producing secondary metabolites, which pose a threat to
pathogenic bacteria, and have been termed GRAS; meaning
generally regarded as safe. The optimization of potentials in
these bacteria could be invaluable to curbing the threat of
antibiotic resistance in society (Camargo et al., 2017).

Several researchers have worked on the effect of probiotic
bacteria in the control of pathogenic bacteria such as
Dhanasekaran et al. (2010), Darsanki et al. (2012), Dec et al.
(2014), and Dec et al. (2016) but few studies are available on
the in vitro biological inhibition of pathogenic bacteria isolated
from smoked fish and chicken. Hence, the aim of this study is
to evaluate an in vitro biological inhibition of pathogenic
bacteria isolated from smoked fish and chicken.

2. Materials and Methods

Sample Collection: A total of 280 samples which comprises
120 roasted chicken meat samples and 160 smoked fish were
used for this study (Iheukwumere et al., 2018a). The roasted
chicken meat samples included 40 samples of each of Native
chicken meat samples, old layer meat samples and broiler
chicken meat samples. The smoked fish samples included 40
samples of each of Clupea harengus (Sawa/Herring),
Truchurus trachurus (Kote/Horse Mackerel), Scomber
scombrus  (Titus/Atlantic  Mackerel) and  Sphyraema
barracuda (Panla). Ready-to-eat samples were aseptically
separated using a sterile stainless spoon (Hamada) and
collected into a sterile aluminium foil through hand picking
(Iheukwumere et al., 2018b). Before the sampling, the hands
were washed thoroughly with soap and cleaned water and then
rinsed with 70 % ethanol. Sampling was done at different

selling locations in different towns in Anambra State. The
samples were placed into a cooler containing ice blocks
wrapped in a sterile polythene bag and were used for sample
transportation. The temperature of the cooler was checked and
adjusted to 28°C-30°C by reducing the quantity of ice inside
the cooler to reduce or prevent microbial shock. The samples
were carefully and aseptically arranged inside the cooler
without direct contact with the ice bag. The cooler was then
covered and the drain plug was securely taped with packing
tape to prevent accidental opening of the cooler. The cooler
was then sagely carried to the Laboratory for analysis within 2
hours of sample collection. The same procedure was repeated
for other collection times (Iheukwumere et al., 2018c).

Sample Preparation: The samples were prepared using the
routine laboratory technique. The meat samples were ground
using a sterile blender (LXB 242). Then 1.0 g of each of the
ground samples was aseptically weighed into a 10 mL test tube
(Pyrex) each respectively. Three milliliter of sterile peptone
water was aseptically added into each test tube and these were
shaken thoroughly and then made up to 10.0 mL using the
sterile peptone water for each test tube as described in
Chesbrough (2010)

Susceptibility Patterns of the Pathogenic Bacterial Isolates
against Conventional Antibiotics

Preparation of test isolate: The test isolates were prepared
using the method described by lheukwumere et al. (2017),
Ejike et al. (2017), lheukwumere and Ejike, (2016) and
Cheesbrough (2010). The isolates were aseptically subcultured
into a broth culture and incubated at 35+ 2°C for 24 h. The
broth culture of each isolate was centrifuged using an electric
centrifuge. The sediment from each culture was diluted to a
turbidity that matched 0.5 MacFarland standard that was
prepared by mixing 0.5 mL of 1.175% BaCl, 2H,0 and 99.5
mL of 1% Conc. H;SO4. The prepared isolates were
standardized by comparing the absorbance with that of 0.5
McFarland standards at 640 nm using UV/visible
spectrophotometer.

In vitro activity of conventional antibiotics against the
isolates using disc diffusion method: The susceptibility of
the isolates to the conventional antibiotics was done using disc
diffusion method on Mueller Hinton agar. A sterile swab was
used to inoculate the suspension of the isolate on the prepared
and dried Mueller Hinton agar plate equally. It was then left to
stay for 5 minutes. A sterile forceps was used to place the
commercially prepared antibacterial discs on the inoculated
plates. Within 30 minutes after applying the disc, the plates
were incubated at 37°C for 24 h. Meter rule was used underside
of the plates to determine the diameter zones of inhibition in
millimeter as described in the study published by Meshaal et
al. (2021).

In Vitro Antibacterial Activities of the Plant Extracts and
Lactobacillus Species

Preparation of plant materials: The fresh seeds Piper
guineense, leaves of Ocimum gratissimum and leaves of
Gongronema latifolium were collected and they were
appropriately authenticated. The fresh seeds and the leaves
were dried under shade at room temperature for 14 days. The
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dried samples were ground to powdered form using sterile
electric grinder (LE Max/ LXB 242). Twenty grams of the
ground samples each was macerated with ethanol for 72 h.
Whatman No 1 filter paper was used to filter the mixture. The
extracts were concentrated by evaporating to dryness at room
temperature in a steady air current (Iheukwumere and Ejike
2016, Chukwurah and Iheukwumere, 2013 and Iheukwumere
et al., 2020).

Phytochemical analysis of the plant extracts: The
phytochemical components (alkaloids, glycosides, flavonoids,
phenolics, tannins, steroids and saponins) of the plant extracts
were determined quantitatively using the methods described
by Ashraf et al. (2018) and Iheukwumere et al. (2021).

Alkaloids: Five milliliters of the sample were mixed with 96
% ethanol and 20% tetraoxosulphate (VI) acid (1:1). One
milliliter of the filtrate from the mixture was added to 5 mL of
60 % tetraoxosulphate (V1) acid and allowed for 5 minutes.
Then, 5 mL of 0.5 % formaldehyde was added and allowed to
stand for 3 h. The reading was taken at absorbance of 550 nm.

Glycosides: This was carried out using Buljet’s reagent. One
gram of the fine powder of the sample was soaked in 10 mL of
70 % alcohol for 2 h and then filtered with Whatman No. 1
filter paper. The extract was then purified using lead acetate
solution and disodium hydrogen tetraoxosulphate (V1)
solution before the addition of freshly prepared Buljet’s
reagent. The absorbance was read at 550 nm.

Flavonoids: Five milliliters of the extract were mixed with 5
mL of dilute hydrochloric acid and allowed to boil for 30
minutes. The boiled extract was left to cool and then filtered
with Whatman No. 1 filter paper. One milliliter of the filtrate
was added to 5 mL of ethyl acetate and 5 mL of 1 % ammonia
solution. The absorbance was taken at 420 nm.

Phenolics: Ten milliliters of the sample were boiled with 50
mL acetone for 15 minutes. Five milliliters of the solution were
pipetted into 50 mL flask. Then, 10 mL of distilled water was
added. This was followed by addition of 2 M ammonium
hydroxide solution and 5 mL of concentrated amyl alcohol
solution. The mixture was left for 30 minutes and absorbance
was taken at 550 nm.

Tannins: Ten milliliters were pipetted into 50 mL plastic
containing 50 mL of distilled water. This was mixed for 1 h on
a sterile mechanical shaker. The mixture was filtered with
Whatman No. 1 filter paper, and 5 mL of the filtrate was mixed
with 2 mL of iron (111) chloride solution in 0.1 N hydrochloric
acid. The absorbance was read at 550 nm.

Steroids: The extract was eluted with normal ammonium
hydroxide solution. Two milliliters of eluate were mixed with
2 mL of chloroform in a test tube. Three milliliters of ice-cold
acetic anhydride were added to the mixture and allowed to
cool. The absorbance was taken at 420 nm.

Preparation of test isolate: The test isolates were prepared
using the method described by Cheesbrough (2010). The
isolates were aseptically subcultured into a broth culture and

incubated at 35+ 2°C for 24 h. The broth culture of each isolate
was centrifuged using an electric centrifuge. The sediment
from each culture was diluted to a turbidity that matched 0.5
MacFarland standard that was prepared by mixing 0.5 mL of
1.175% BaCl, 2H,0 and 99.5 mL of 1% Conc. H,SO,4. The
prepared isolates were standardized by comparing the
absorbance with that of 0.5 McFarland standards at 640 nm
using UV/visible spectrophotometer.

Preparation of plant extracts: The weight obtained was
weighed using electronic weighing balance, 10 mL of peptone
water (diluents) was added and made up to 50 mL using the
diluents. Then 50 mL mixture (1:1) of OR+PU, OR+GA,
PU+GA and 1:1:1 mixture of OR+PU+GA were prepared. All
these were tested for the best activity as described in the study
published by Iheukwumere et al. (2017a). Also, 50 mL
mixtures of U (OG+PU+GA) at optimum concentration (250
mg/mL) were prepared

In vitro susceptibility study of the plant extracts using agar
well diffusion method: This was carried out by the modified
method described by Dahiya and Purkayastha (2012). The test
organisms were seeded in Muller Hinton Agar
(MHA/BIOTECH) plates. The plates were appropriately
labelled. A sterile cork borer of 5 mm diameter was used to
make the wells on the medium. A one-tenth millilitre of
various extracts was dropped into each labelled well and then
placed wertically in the Bacteriological incubator and
incubated at 37+2°C for 24 h. The susceptibility patterns were
determined by measuring the diameter of the zones of
inhibition (mm) produced after incubation

Isolation of Lactobacillus species: One milliliter (1.0 ml)
sample (Yoghurt and banana) was aseptically transferred into
a sterile test tube (Pyrex) containing 9.0 ml of the diluent
(sterile normal saline). One milliliter of the diluted sample (10
1 was plated on Petri dishes (60 mm OD x 55 mm ID x 13mm
high) containing deMann Rogosa Sharpe medium
(MRSBiotech) using pour plate method. All the plates in
triplicates were incubated inverted in microaerophilic
conditions for 48 h (Cheesbrough, 2010). The pure isolates
were characterized using the morphological, biochemical and
molecular characteristics as described in the study published
by Okpalla et al. (2012), Cheesbrough (2010) and Frank and
Robert (2015).

Preparation of Lactobacillus broth culture: The test isolates
were prepared using the method described by Cheesbrough
(2010). The isolates were aseptically subcultured into a broth
culture and incubated at 35+ 2°C for 24 h. Then 50 mL of
different mixtures of LAN56 and LP2359 were prepared

In vitro susceptibility study of Lactobacillus broth cultures
using agar well diffusion method: This was carried out by
the modified method described by Dahiya and Purkayastha
(2012). The test organisms were seeded in Muller Hinton Agar
(MHA/BIOTECH) plates. The plates were appropriately
labeled. A sterile cork borer of 5 mm diameter was used to
make the wells on the medium. One tenth millilitre of 24 h
broth culture of the isolate was dropped into each labeled wells
and then placed vertically in the Bacteriological incubator and
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incubated at 37+2°C for 24 h. The susceptibility patterns were
determined by measuring the diameter of the zones of
inhibition (mm) produced after incubation

Statistical Analysis

The data obtained from this study were represented in Tables,
Figures and as mean + standard deviation. The significance of
the study was carried out using a one-way Analysis of
Variance (ANOVA) at 95 % confidence level. The pair-wise
comparison was done using the Turkey test as described by
Iheukwumere et al. (2021).

3. Results

The molecular characteristics revealed the presence of
Escherichia coli O157:H7 strain ECP19-598 (ECEC1),
Staphylococcus aureus strain JP 18269 (SAJP1), Listeria
monocytogenes strain LM16 (LMLM1) and Salmonella
enterica subspecies enterica serovar Enteritidis strain
EC20110358 (SEEC?2) as shown in Table 1.

Susceptibility of the Pathogenic Bacterial Isolates to
Conventional Antibiotics

The study showed that 60.04% of the total isolates were
resistant to conventional antibiotics mainly amoxicillin
(AMX), septrin (SXT), chloramphenicol (CN), streptomycin
(S) and augmentin (AU). The study also revealed that LMLM
1 showed more resistance to conventional antibiotics than
other implicated isolates. The data obtained from this study
also revealed that there is an association between the strain of
the bacterial isolates and susceptibility patterns to
conventional antibiotics as the data were statistically
significant (P < 0.05) as shown in Table 2.

In vitro Antibacterial Activities of the Plant Extracts and
Lactobacillus species

The phytochemical constituents of Piper guineense (seeds),
Ocimum gratissimum (leaves) and Gongronema latifolium
(leaves) extracts revealed the presence of glycosides,
alkaloids, steroids, tannins, flavonoids, phenolics and saponins
(Table 4). Piper guineense (PU) recorded the highest content
of glycosides, steroids, flavonoids and phenolics. Ocimum
gratissimum (OR) recorded the highest content of saponins
whereas Gongronema latifolium (GA) recorded the highest
alkaloids and tannins as shown in Table 3.

Table 1: Molecular characteristics of the bacterial isolates

The plant extracts (PU, OR and GA) showed pronounced
activities against the test isolates (ECEC1d, SAJP1, LMLM1
and SEEC?2) as shown in Figures 1, 2 and 3. It was observed
that the plant extracts inhibited ECEC1 the most, followed by
LMLM1, SEEC2 and SAJP1 showed the least inhibition. The
activities of the plant extracts were statistically significant
(p<0.05) when compared to one another. OR recorded the
highest activities against the test isolates when compared to
PU and GA but the variation in their activities was statistically
non-significant (p>0.05).

The study also revealed a progressive increase in the activities
of the plant extracts as the concentrations of the plant extracts
increased but recorded retardation after the concentration
reached 250mg/ml as shown in Figures 1, 2 and 3.

The molecular identities of the Lactobacillus species revealed
the presence of Lactobacillus acidophilus strain NC56
(LAN56) and Lactobacillus plantarum strain 2359 (LP2359)
as shown in Table 4.

The pronounced activities of LAN56 and LP2359 against
ECEC1, SAJP1, LMLM1 and SEEC2 are shown in Table 5. It
was observed that the Lactobacillus species inhibited ECEC1
most when compared to other pathogenic bacteria involved in
this study but the variations in the diameter zone of inhibition
of LAN56 and LP2359 among the bacterial isolates were
statistically not significant (p<0.05). Also, the activities of the
LP2359 against the test isolates were non-significantly
(p>0.05) higher than that of LAN56, and significantly
(p<0.05) lower than that of ciprofloxacin (CPX) as shown in
Table 5.

The in vitro biotreatment of the pathogenic bacterial isolates
are shown in Table 6. The study revealed the pronounce
activities of the plant extracts and Lactobacillus species. The
activities of the biological agents were most against ECECEL,
and OR showed the highest activities against the test isolates.
The activities of CPX were significantly (p<0.05) higher than
the activities of GA, LAN56 and LP2359 against ECEC1, and
non-significantly (p>0.05) higher than the activities of the
biological agents against SAJP1 and SEEC2 except that but its
activities were lower than the activities of OR and PU against
LMLM1 as shown in Table 6. The activities of the biological
agents against the test isolates were statistically significant
(p<0.05) whereas the variations among the activities of the
biological agents were statistically non-significant (p>0.05).

Parameter Isolate P Isolate Q Isolate R Isolate S

Max score 38284 34485 25078 26613

Total Score 38284 34485 60734 26613

Query cover (%) 100 100 100 100

E-value 0.0 0.0 0.0 0.0

Identity (%) 100 100 100 100

Accession Number CP066753.1 CP097114.1 CP027029.1 CP007260.1

Description Escherichia  coli  Staphylococcus aureus Listeria monocytogenes Salmonella enterica
0157:H7 strain  strain JP18269  strain LM16 subsp enterica serovar
ECP19-508 C.G complete genome chromosome Enteritidis strain EC
(ECEC1) (SAJPY) (LMLM16) 20110358 complete

genome (SEEC?2)
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Table 2: Susceptibility of the Isolates to Conventional Antibiotics

Isolate Number Resistant Strain Susceoptible Strain Resistant Antibiotic
(%) (%) (%)

ECEC 1 29(18.83) 17(58.62) 12(41.38) AMX, AU, S, PN,
AMA, SXT, CN

SAJP 1 76(49.35) 46(60.53) 30(39.47) AMX, AU, S, CN,
SXT, ORF, CPX

LMLM 1 19(12.34) 13(68.42) 6(31.58) AMX, AU, S, CN,
SXT, ORF, CPX

SEEC 2 30(19.48) 18(60.00) 12(40.00) AU, S, PN, SXT

Total 154(100.00) 94(61.04) 60(38.96)

Table 3: Phytochemical constituents of the medicinal plant extracts used for the study

Parameters Piper guineense Ocimum gratissimum Gongronema latifolium
Glycosides 1.22+0.03 1.02+0.01 0.44+0.04
Steroids 0.84+0.01 0.27+£0.01 0.08 + 0.00
Alkaloids 1.88+0.11 1.21+0.04 9.88+0.13
Tannins 314+0.21 249+0.11 7.26+0.12
Flavonoids 6.02+0.11 1.77+0.03 1.07+0.21
Phenolics 4.08+0.14 0.81+0.01 122+0.11
Saponins 1.68+0.07 3.18+0.17 3.09+0.12
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Figure 1: Diameter zones of inhibition of Ocimum gratissimum against the test isolates.
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Figure 2: Diameter zones of inhibition of Piper guineense extract against the test isolates.
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Figure 3: Diameter zones of inhibition of Gongronema latifolium extract against the test isolates.
Table 4: Molecular characteristics of the Lactobacillus species
Parameter Isolate K Isolate M
Max score 40501 35179
Total score 40501 68428
Query cover (%) 100 100
E —value 0.0 0.0
Percent identity 100 100
Accession number CP106868.1 CP145812.1

Description Lactobacillus acidophilus strain NC56 Lactobacillus plantarum strain 2359
chromosome complete genome chromosome complete genome
(LAN56) (LP2359)
Table 5: Diameter Zones of inhibition of the Lactobacillus species against the test isolates.
Isolate Mean Diameter (x £ SD) mm
LAN56 LP2359 CPX

ECEC1 14.26 £ 0.11 15.84 + 0.81 24.56 + 0.12

SAJP1 10.84 £ 0.21 15.83+0.41 14.22 £ 0.11

LMLM1 12.36 + 0.33 14.28 + 0.17 15.48+0.14

SEEC2 12.92 + 0.22 16.22 +0.11 19.36 + 0.12

Table 5: In vitro biotreatment of pathogenic bacterial isolates

Biotreatment

Mean Diameter (mm) using 5mm corkborer

ECEC1 SAJP1 LMLM1 SEEC2
OR (250mg/ml) 17.86 £ 0.11 13.57+£0.12 17.48+0.11 17.22+0.17
PU (250mg/ml) 16.22 + 0.11 12.86 + 0.22 15.77 £ 0.33 15.48 +0.11
GA (250mg/ml) 14.44 £ 0.11 11.08 £ 0.17 13.86 £ 0.14 12.78 £ 0.11
LAN56 (108cells/ml) 14.26 + 0.11 10.84 +0.21 12.36+0.33 12.92 +0.22
LP2359 (108cells/ml) 15.84 £ 0.81 15.83+£0.41 14.28 + 0.17 16.22 +0.11
CPX (5mg/ml) 24.56 + 0.12 14.22 +0.11 15.48 + 0.14 19.36 + 0.12
4. Discussion The significant resistance of the conventional antibiotics mainly

The significant mean bacterial counts, majorly total heterotrophic
bacterial counts (THBC), total coliform counts (TCC), total faecal
coliform counts (TFCC), total Salmonella counts (TSC), total
Shigella counts (TSHC), total Staphylococcus aureus counts
(TSAC) and total Listeria monocytogenes counts (TLMC)
supported The findings of many researchers (Adeyanju and
Ishola, 2014; Mashak, 2018; Ishihava et al., 2020; Karisma et al.,
2021).

amoxicillin  (AMX), septrin (SXT), chloramphenicol (CN),
streptomycin (S) and augmentin (AU) against the studied
pathogenic bacterial isolates supported the findings of many
researchers (Adzitey, 2011; Adzitey et al., 2012a; Adzitey et al.,
2012b; Singh et al., 2013). The resistance of these antibiotics
against the organisms could be attributed to the presence of
resistance plasmid, antibiotic rethix CV mutation. Similar
deductions were made by Adzitey et al. (2013a) and Nobile et al.
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(2013). Several researchers such as Adzitey, (2011) and Adzitey
et al. (2013a) detected resistant E. coli from their studied samples,
Adzitey et al. (2012b) and Singh et al. (2013) detected resistant
Salmonella species in their studied samples, Adzitey et al.
(2013b) detected resistant Listeria monocytogenes in their studied
samples.

The study further highlighted the presence of glycosides, steroids,
alkaloids, tannins, flavonoids, phenolics and saponins in the Piper
guineense (PU) Ocimum gratissimum (OR) and Gongronema
latifolium (GA) extracts. The presence of these phytochemicals
could be attributed to the antibacterial activities of the plant
extracts. Similar deductions were made by lheukwumere et al.
(2017). The pronounced activities of the plant extracts against the
pathogenic bacterial isolates supported the findings of many
researchers (Ahmed et al., 2014; Radaelli et al., 2016; Ugur et al .,
2016; Heer et al., 2017; Iheukwumere et al., 2017; Mostafa et al.,
2018; Hetta et al., 2020; Ghavam et al., 2020; Oliveira et al.,
2024; Meshaal et al., 2021). The most significant inhibition of the
extracts against ECECL1 agrees with the findings of lheukwumere
et al. (2017) and Ghavam et al. (2020). The highest activities of
OR against the studied pathogenic bacterial isolates could be
attributed to the potency of the extract. Similar deductions were
made by Iheukwumere et al. (2017). The pronounced activities of
Lactobacillus  acidophilus strain  NC56 (LAN56) and
Lactobacillus plantarum strain 2359 (LP2359) against the studied
pathogenic bacterial isolates corroborated with the findings of
many researchers (Nouri et al., 2010; Darsanaki et al., 2012;
Tonekabon, 2013; Dec et al., 2014; Bratz et al., 2015; Dec et al.,
2016). The slight increase in the activities of LP2359 when
compared to that of LAN56 could be attributed to the potency and
level of bacteriocins produced by the Lactobacillus species.

5. Conclusion

Therefore, the plant extracts; Piper guineense (PU), Ocimum
gratissimum  (OR) and Gongronema latifolium (GA) and
Lactobacillus species; L. acidophilus strain NC56 (LAN56) and
T. plantarum stain 2359 (LP2359) have shown pronounced
activities against Escherichia coli 0157:H7 strain ECP19-598
(ECEC1), Saphylococcus aureus strain JP18269 (SAJP1),
Listeria monocytogenes strain LM16 (LMLM1) and Salmonella
enterica serovar Enteritidis EC20110358 (SEEC2) isolated from
smoked fish and chicken meat samples, and plant extracts were
more pronounced mostly against ECEC1.
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