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Abstract

This study evaluated microbial contamination, antibiotic resistance of Salmonella enterica and hygienic practices asso-
ciated with ready-to-eat (RTE) meat (suya) in Minna Metropolis, Niger State, Nigeria. Three hundred and eighty-four
(384) samples (suya meat, spices, knives, and vendor hands) were analyzed for microbial contamination and the pres-
ence of Salmonella enterica according to Bacteriological Analytical Manual of the U.S. Food and Drug Administra-
tion. Antibiotic resistance for Salmonella isolates was determined using the disk diffusion method. Vendor hygiene
practices were assessed via questionnaires. The results revealed that microbial load ranged from 8.5x 107 to 2.35x 10°
cfu/g or cfu/cm? across all study locations, with the lowest from knives sampled at Tunga and highest from hand
samples in Maikunkele. The overall prevalence of Salmonella enterica was 13%, with the lowest in spices and hand
samples (9% each) and highest in suya meat (26%). The Salmonella enterica were highly resistant to amoxicillin (65%)
and susceptible to trimethoprim-sulfamethoxazole (95%). Multidrug resistance was 43.1%. Resistant to amoxicillin
was the commonest and was exhibited by 9 Salmonella enterica isolate. There was limited formal education (56.0%)
and occupational training (51.3%) among suya vendors with poor adherence to hygienic practices. Training of suya
vendors on hygienic handling of RTE meats is recommended.
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Introduction

Salmonella enterica is particularly known for causing
severe gastrointestinal diseases in humans Centers for
Disease Control and Prevention (CDC, 2022). Accord-
ing to Ngogo et al. (2020) and WHO (2023), the risk of
Salmonella infection is keen in environments where
food preparation and handling practices are informal,
and where there is frequent reliance on untreated water
sources, such as wells or rivers.

Vendors across different African countries often pre-
pare and sell RTE meats under informal conditions,
which raise concerns about their hygiene and safety
standards. For instance, Abdullahi et al. (2020) noted the
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lack of comprehensive studies on food safety and han-
dling practices in Nigerian food service establishments.
Shiningeni et al. (2019) reported that RTE meats sold in
Windhoek, Namibia, were contaminated with various
pathogenic bacteria (Salmonella, Shigella, Listeria mono-
cytogenes, Staphylococcus aureus, and Escherichia coli) at
levels that were deemed unsatisfactory for human con-
sumption. Aduah et al. (2021) found Salmonella enter-
ica in some RTE meats sold in Bolgatanga Municipality,
Ghana. Abey et al. (2024) reported the isolation of Sal-
monella strains from a variety of sources, including the
slaughterhouse environment, slaughtered animals, criti-
cal control points throughout the processing line, slaugh-
ter equipment, and even on slaughterhouse workers. The
authors further indicated some of these isolates exhibit-
ing resistance to multiple antimicrobials commonly used
in treatment.

In Nigeria, Salmonella species has significant public
health implications due to its association with foodborne
diseases and typhoid fever. Between 1999 and 2018, Sal-
monella bloodstream infections and gastroenteritis in
Nigeria had prevalence rates of 1.9% and 16.3%, respec-
tively, based on culture-confirmed data and over 60%
of Salmonella isolates exhibited multidrug resistance
(Akinyemi et al. 2021).

In 2020, Salmonella infections in Nigeria was reported
to be 325,731 cases and 1,043 human deaths, amounting
to a total of 37,321 disability-adjusted life years (Sanni
et al. 2023).

Foodborne illnesses, particularly those caused by bac-
terial agents like Salmonella enterica, continue to be a
significant public health issue, especially in countries
with low and middle incomes. Improper handling of
foods has been responsible for the outbreak of foodborne
infections. Therefore, the knowledge, observance of
hygiene and practice of food safety among food handlers
are critical for foodborne diseases outbreaks and infec-
tions. Although various studies throughout Nigeria have
documented the presence of microbial contamination in
ready-to-eat (RTE) foods, there is a scarcity of research
that specifically examines the occurrence of Salmonella
enterica in RTE meat products such as suya, as well as
the hygiene practices of suya vendors in Niger State. This
research aims to fill this gap by investigating both the
prevalence and antibiotic resistance patterns of Salmo-
nella enterica in suya, and by assessing the food safety
knowledge and handling practices of suya vendors in the
Minna Metropolis.

Materials and Methods
Study location and design
The study was conducted in Minna Metropolis, Niger
State, the largest state in Nigeria. Minna Metropolis
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consist of two major local government areas. The first is
Chanchaga Local Government Area, from which Tunga
and Maitumbi were selected for the study. The second is
Bosso Local Government Area, from which Bosso, Mai-
kunkele, and Tunga Goro were selected for the study.
These five areas from the different Local Government
were randomly selected based on the previous study con-
ducted by (Mohammed et al. 2017). Minna is geographi-
cally located between longitudes 6° 34’E and 6° 42’E of the
Greenwich Meridian and latitudes 9° 33’'N and 9° 45’N of
the equator (Bissala et al. 2021). Descriptive cross-sec-
tional design was used in this study.

Sample size and collection of samples for microbial
analysis

A total of 384 samples were selected for the study, with
this figure determined by referencing earlier research
from Nigeria that reported Salmonella enterica prev-
alence between 5 and 30% (Adio et al. 2014). The
minimum required sample size was calculated using
Cochran’s formula:

_Z’xp(l—p)
e

Where:

Z =1.96 (95% confidence level); p= 0.5 (assumed half
of the population will be Salmonella positive); e= 0.05
(margin of error).

. (1.96)> % 0.5(1 — 0.5)

384
(0.05)2

Ninety-six (96) samples each of street vended RTE
meats (suya), spices (yaji), swabs from vendors hand and
cutting or slicing knives were obtained from five-selected
locations in Minna Metropolis which made up total sam-
ples to be 384. Samples were collected aseptically, prop-
erly labelled, placed in an ice-box with ice blocks and
transported immediately to the laboratory of Africa Cen-
tre of Excellence for Mycotoxin and Food Safety, Federal
University of Technology Minna, Gidan Kwano Campus
Nigeria for microbial analysis.

Determination of Microbial Load

Microbial load was determined according to the Bacte-
riological Analytical Manual (BAM) of the USA-FDA
with slight modifications (Maturin and Peeler 2001;
Adzitey et al. 2020a, b). One (1) grams of suya and yaji
and each swabbed were thoroughly agitated in 9 ml Buft-
ered Peptone Water (BPW) (Oxoid, Basingstoke, UK).
One (1) ml of each diluent was used for serial dilutions
from 10! to 10° in BPW. Hundred microliter (100 pl) of
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each diluent was evenly spread on duplicate nutrient agar
plates (Oxoid, Basingstoke, UK) using bent glass rod. The
plates were incubated aerobically at 37 °C for 24 h. Total
microbial load was expressed in cfu/g or cfu/cm? using
the formula: N = X C/[(1*nl) 4 (0.1* n2)]* (d); Where:
N= Number of colonies per cm? Y C =Sum of all colo-
nies on all plates counted, n1 =Number of plates in first
dilution counted, n2 =Number of plates in second dilu-
tion counted and d = Dilution from which the first counts
were obtained.

Determination of Salmonella enterica

The isolation of Salmonella species was done using the
method of Andrews et al. (2023) with some modifica-
tions. The samples (suya, yaji, knife swab, and hand swab)
were pre-enriched in 9 ml of Buffered Peptone Water
(Oxoid, Basingstoke, UK) and incubated at 37 °C for 24 h.
After which 1 ml was transferred to 10 ml sterilized Rap-
paport—Vassiliadis (RV) broth (Oxoid, Basingstoke, UK)
and Selenite Cystine (SC) broths (Oxoid, Basingstoke,
UK). Samples in RV broths were incubated at 41.5 °C for
24 h while samples in SC broths were incubated at 37 °C
for 24 h for enrichment. The enriched aliquots (~10 pl
loopful) were streaked on Xylose Lysine Desoxycholate
(XLD) agar (Oxoid, Basingstoke, UK) and Salmonella-
Shigella agar (Oxoid, Basingstoke, UK), and incubated at
37 °C for 24 h. After 24 h, the plates were observed for
colonies morphology and presumptive Salmonella colo-
nies were picked, purified and confirmed. Presumptive
Salmonella colonies were confirmed using Grain stain,
growth in triple sugar iron agar, lysine iron agar and Sal-
monella latex agglutination test kit (Adzitey et al. 2020a,
b). All incubations were done under aerobic conditions.

Antibiotic Resistance Test of Salmonella enterica

This was done using the Kirby Bauer disc diffusion
method. The Salmonella enterica isolates were sub-
jected to the following nine antibiotics; 25 ug Amoxicil-
lin (AML), 15 pg Azithromycin (AZM), 30 ug Cefotaxime
(CTX), 30 pg Cefuroxime (CXM), 5 pg Ciprofloxacin
(CIP), 30 pg Chloramphenicol (C), 10 pg Gentamicin
(CN), 30 pg Tetracycline (TE), and 25 pg Trimethoprim-
sulfamethoxazole (SXT). All the antibiotic discs used
were purchased from Oxoid, Basingstoke, UK. Pure over-
night grown cultures of Salmonella isolates were sus-
pended in 10 ml nutrient broth (Oxoid, Basingstoke, UK),
incubated aerobically at 37 °C for 16 h and the concen-
tration adjusted to 0.5 McFarland solution. The surface
of Mueller—Hinton agar (Oxoid, Basingstoke, UK) plate
was evenly inoculated with the adjusted culture using a
sterile glass spreader. Five and four antibiotic discs were
placed on the surface of the inoculated Mueller—Hinton
agar (Oxoid, Basingstoke, UK) plates some distance from
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each other to avoid overlap of the inhibition zone. After
24 h incubation at 37 °C, the inhibition zones were meas-
ured in triplicates for each antibiotic disc and the average
results interpreted as sensitive, intermediate, or resistant
according to Clinical and Laboratory Standards Institute
Guidelines (CLSI, 2023). The multiple antibiotic resist-
ance index (MAR) was calculated as number of antibiot-
ics to which each isolate was resistant (X) divided by the
total number of antibiotics the isolate was tested against
(Y). MAR index =X/Y (Krumperman, 1983).

Survey Question Design, Pre-Test and Application

A well-structured questionnaire was developed based
on previously published studies (Odonkor and Odonkor
2020; Boakye et al. 2023) with some adjustments to
align with this study’s objectives. The questionnaire was
divided into three main sections. The first section was on
the socio-demographic details of suya vendors. The sec-
ond section assessed vendors’knowledge in relation to
meat safety and the third section was an observational
checklist which recorded vendorsactual meat safety
practices. Pre-test of the survey questions was carried
out and adjustment made before actual administration of
the questionnaire. Feedback from the pre-test was used
to improve the clarity, relevance, and suitability of the
survey for the intended audience. Supplementary 1 shows
the questionnaire used to collect data from the suya ven-
dors while Supplementary 2 shows the informed consent
form signed by the vendors. After the pre-test, the final
questions were administered to 150 suya vendors using
snowball sampling. The vendors were promised confi-
dentiality with regards to their responses.

Statistical analysis

Data from survey was analyzed using IBM SPSS software
2012, version 21, and relationships between variables
such as knowledge, practices, education, experience, and
medical screening were investigated using correlation
analysis at 5% significant level.

Results

Total Microbial Load of RTE Meat (Suya) and its Contact
Surfaces in Minna

Table 1 shows the total microbial load of suya and its
contact surfaces from the various locations (Maikunkele,
Tunga-Goro Chanchaga, Bosso, Maitumbi, and Tunga)
in Minna. The total microbial load was relatively high
and ranged from 8.5 x 107 to 2.35 x 10® cfu/g or cfu/cm?
The lowest total microbial load was obtained from knife
samples collected from Tunga, while the highest total
microbial load was obtained from hand samples of suya
vendors in Maikunkele.
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Table 1 Total microbial load of RTE meat (suya) and its contact
surfaces in Minna

Samples Microbial load *(Center for
(cfu/g or cm?) Food Safety,
2014)
Maikunkele
Suya 205x10° Unsatisfactory
Spice 191 x10% Unsatisfactory
Knife 155x10° Unsatisfactory
Hand 235x108 Unsatisfactory

Tunga-Goro Chanchaga

Suya 168x10° Unsatisfactory
Spice 143 x10% Unsatisfactory
Knife 167 x10° Unsatisfactory
Hand 1.18x10% Unsatisfactory
Bosso
Suya 1.10x10% Unsatisfactory
Spice 114 x10° Unsatisfactory
Knife 122x10° Unsatisfactory
Hand 154 x10% Unsatisfactory
Maitumbi
Suya 122x10% Unsatisfactory
Spice 168 x 108 Unsatisfactory
Knife 1.19x10% Unsatisfactory
Hand 95x10’ Unsatisfactory
Tunga
Suya 1.12x10% Unsatisfactory
Spice 103 x108 Unsatisfactory
Knife 85x10 Unsatisfactory
Hand 1.09x10° Unsatisfactory

cfu Colony forming unit, *Centre for food safety standards (< 10%, satisfactory;
10°- <107, borderline; > 107, unsatisfactory).

30
25
20
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Suya Meat
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Prevalence of Salmonella enterica in RTE Meat (Suya)

and its Contact Surfaces in Minna

The prevalence of Salmonella enterica in the various
samples examined was presented in Fig. 1. Salmonella
enterica was detected in 13% of the 384 samples and suya
meat showed the highest prevalence (26%), while yaji and
hand samples showed the least (9% each).

The prevalence of Salmonella enterica in suya and its
contact surfaces from the various locations in Minna
Metropolis is showed in Fig. 2. The prevalence of Sal-
monella enterica was highest in samples collected from
Bosso (17.0%), followed by those collected from Tunga
and Maitumbi each (14.0%), and samples collected from
Mekunkele and Tunga Goro-Chanchaga showed the least
prevalence of 12.0% for Salmonella enterica.

Antibiotic Resistance of Salmonella enterica Isolates

from RTE Meat (Suya) and its Contact Surfaces in Minna
Metropolis

Results for the antibiotic resistance of Salmonella enter-
ica isolates from RTE meat (suya) and its contact surfaces
in Minna Metropolis is presented in Fig. 3. Overall, the
isolates exhibited 24% resistant, 20% intermediate resist-
ant and 56% susceptible to the antibiotics examined. The
highest resistance was observed in amoxicillin (65%) and
lowest in chloramphenicol (19%). Trimethoprim/sul-
famethoxazole (95%), azithromycin (86%), gentamicin
(74%), chloramphenicol (69%) and cefuroxime (54%)
were susceptible.

Antibiotic Resistance Profile and Multiple Antibiotic
Resistance (MAR) Index of Salmonella enterica Isolates

from RTE meat (Suya) and its Contact Surfaces in Minna
Metropolis

Tables 2a and 2b show the MAR index of the Salmo-
nella enterica isolates. The MAR index ranged from

13

Spices for preparing  Knives for cutting suya  Hands of suya meat Overall

meats sellers

Suya and its contact surfaces

Fig. 1 Prevalence of Salmonella enterica in suya and its contact surfaces in Minna Metropolis
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Fig. 2 Prevalence of Salmonella enterica in suya and its contact surfaces in various locations in Minna Metropolis
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Fig. 3 Antibiotic resistance of Salmonella enterica isolates from RTE meat (suya) and its contact surfaces in Minna Metropolis

0.1 to 0.7 with an average MAR index of 0.2. Multidrug
resistance (resistance to 3 or more different classes of
antibiotics) was 43.1% (28/65). One Salmonella enter-
ica isolate showed resistance to seven different anti-
biotics namely TE-AML-CXM-CTX-C-AZM-CN and

three isolates were resistant to five antibiotics, that is,
TE-AML-CXM-AZM-CN, TE-AML-CTX-CIP-C and
TE-AML-CTX-AZM-CN. Resistant to only AML was
the most common and was exhibited by 9 different
Salmonella enterica isolates.
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Table 2 Antibiotic resistance profiles and MAR index of Salmonella isolates from RTE meat (Suya) and its contact surfaces in Minna

Metropolis
Location Source Isolate code No. of Antibiotics Antibiotic resistant profile
A
Mekunkele Suya MLM1 3 TE-AML-CTX
Mekunkele Suya MLM2 4 TE-AML-CTX-AZM
Mekunkele Suya MLM6 2 TE-AML
Mekunkele Spice MLS1 1 TE
Mekunkele Spice MLS5 2 TE-AML
Mekunkele Spice MLS6 5 TE-AML-CXM-AZM-CN
Mekunkele Knife MLK?7 3 TE-CTX-AZM
Mekunkele Hand MLH6 3 TE-AML-C
TC Suya TCM2 0 -
TC Suya TCM9 7 TE-AML-CXM-CTX-C-AZM-CN
TC Suya TCMT1 3 AML-CTX-AZM
TC Suya TCM18.1 3 TE-AML-CTX
TC Suya TCM18.2 4 TE-AML-CXM-CTX
TC Spice TCS4 1 AML
TC Spice TCS5 5 TE-AML-CTX-CIP-C
TC Knife TCK7 0 -
TC Knife TCK8 1 AML
Bosso Suya BSM1 4 TE-AML-CTX-C
Bosso Suya BSM2 3 TE-AML-CTX
Bosso Suya BSM12 4 TE-AML-CTX-C
Bosso Suya BSM14 2 TE-AZM
Bosso Suya BSM17.1 3 SXT-TE-AML
Bosso Suya BSM17.2 2 TE-AML
Bosso Suya BSM18 0 -
Bosso Knife BSK7 2 TE-AML
Bosso Knife BSK12 3 TE-AML-AZM
Bosso Knife BSK17 3 TE-AML-C
Bosso Hand BSH4 2 TE-AML
Bosso Hand BSH6 3 TE-AML-C
Bosso Hand BSH10.1 3 TE-AML-C
Bosso Hand BSH10.2 3 TE-AML-CTX
B
Maitumbi Suya MBM6.1 1 TE
Maitumbi Suya MBM®6.2 3 CIP-C-AZM
Maitumbi Suya MBM13.1 3 TE-AML-CXM
Maitumbi Suya MBM13.2 3 AML-CTX-CN
Maitumbi Suya MBM15 2 TE-CTX
Maitumbi Suya MBM16.1 1 XM
Maitumbi Suya MBM16.2 5 TE-AML-CTX-AZM-CN
Maitumbi Suya MBM16.3 1 TE
Maitumbi Suya MBM17.1 2 TE-AML
Maitumbi Suya MBM17.2 0 -
Maitumbi Suya MBM18.1 0 -
Maitumbi Suya MBM18.2 1 TE
Maitumbi Spice MBS2 3 AML-CTX-CN
Maitumbi Spice MBS5 2 TE-AML
Maitumbi Spice MBS18 3 SXT-CXM-CTX
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Table 2 (continued)
Location Source Isolate code No. of Antibiotics Antibiotic resistant profile
Maitumbi Knife MBK3 1 TE
Tunga Suya TGM5.1 3 TE-AML-C
Tunga Suya TGMS5.2 1 AML
Tunga Suya TGM5.3 1 AML
Tunga Suya TGM5.4 4 TE-AML-CTX-C
Tunga Suya TGM6.1 1 AML
Tunga Suya TGM6.2 0 -
Tunga Suya TGM12.1 1 AML
Tunga Suya TGM12.2 1 AML
Tunga Suya TGM16 1 TE
Tunga Knife TGK15.1 1 AML
Tunga Knife TGK15.2 1 AML
Tunga Knife TGK16.1 1 CXM
Tunga Knife TGK16.2 0 -
Tunga Knife TGK16.3 0 -
Tunga Hand TGH2 2 TE-AML
Tunga Hand TGH6 1 TE
Tunga Hand TGH8 3 AML-C-CN
Tunga Hand TGH18 0 -

TCTunga-Goro Chanchaga, AML Amoxicillin, AZM Azithromycin, CTX Cefotaxime, CXM Cefuroxime, CIP Ciprofloxacin, C Chloramphenicol, CN Gentamicin, TE

Tetracycline and SXT Trimethoprim-sulfamethoxazole.

Demographic characteristics of RTE Suya Meat Vendors

in Minna Metropolis

The demographic information of RTE meat (suya) ven-
dors in Minna Metropolis is shown in Table 3. All
respondents were males with majority aged from 30-39
(44.0%). Majority were Muslims (96.7%) and over half of
them had non-formal education (56.0%). Majority of the
respondents (66.0%) have also been in the suya vending
business for above 10 years. Beef was the most used meat
type (36.7%), due to consumer preference (82.7%). Most
respondents purchased raw meat from other sources
(96.7%) rather than abattoir (3.3%) and have not under-
gone any medical examination within the past one year
(60.7%).

Food Safety Knowledge of RTE Meat (suya) Vendors

in Minna

Table 4 shows the knowledge of hygienic practices among
RTE meat (suya) vendors in Minna. Most of the respond-
ents knew food vendors are required to cover their hair
(66.0%), wear apron (46.0%) and cannot use the same
hand to collect money and handle meat without sanitiz-
ing (70.7%) while working. Majority of the respondents
also knew that it is not permissible for food vendors
to continue working in soiled clothing (89.3%), hands
should be washed with soap and warm water to help
reduce contamination (98.7%), keeping of long fingernails

for vending is not allowed (54.0%) and medical check-
up is mandatory for food vendors (81.3%). However, the
majority thought it was optional to wear sterilized gloves
(89.3%) and food vendors can scratch their body parts
and continue working without sanitizing their hands
(86.7%).

Furthermore, larger number of the respondents knew
that the location of food preparation and sale should
be free from pests and rodents (96.7%), far from drains
(100.0%), as well as grilling and selling should be done on
a table covered with glass or a net (79.3%), dirty clothes
or hands can spread microorganisms to food (92.0%)
and smoking while preparing or selling food is consid-
ered unacceptable (98.7%). Conversely, majority of the
respondents did not know that it is unacceptable for food
vendors to eat, drink or talk while selling food (92.0%),
and coughing or sneezing on food have negative effects
on consumers (78.7%).

Most of the respondents did not know whether grilled
meat and spices should be covered (46.0%), knives should
be washed under running water (56.0%), grilled meat
should contain lower water content (54.0%) and grilled
meat should be very hot before serving (96.7%). However,
the respondents knew that it is unacceptable to store
fresh and grilled meat together (64.0%), it is important to
sanitize dishes used during food preparation (58.7%), left-
over grilled meat should not be kept at room temperature
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Table 3 Demographic characteristics of RTE meat (suya) vendors

in Minna
Variables Frequency Percentage (%)
Gender

Male 150 100.0

Female 0 0.0
Age

18-29 21 14.0

30-39 66 440

40-49 23 153

50-60 40 26.7
Religion

Christianity 5 33

Islam 145 96.7
Education

None 84 56.0

Primary School 10 6.7

Junior Secondary School 14 9.3

Senior Secondary School 42 280
Work experience

1-5 years 12 8.0

6-10 years 39 26.0

Above 10 years 99 66.0
Meat type used

Beef 55 36.7

Chevon 8 53

Beef and chicken 32 213

Beef and chevon 21 14.0

Mutton and chevon 2 13

Above two different meat type 32 213
Rational

Cheaper 14 93

Consumer preference 124 82.7

Others 12 8.0
Place of purchase raw meat

Abattoir 5 33

Others 145 96.7
Medical check-up

None 91 60.7

Once 32 213

More than one 27 18.0
Occupational training

Yes 77 513

No 73 48.7

(50.0%) and separate cutting tables should be used for
fresh and grilled meat (66.0%).

Food Safety Practices of RTE Meat (Suya) Vendors in Minna
The food safety practices of suya vendors are shown in
Table 5. It was observed that majority of the respondents
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did not keep their hair tied or covered (87.3%), wear
ring while working (62.0%), did not wear apron (76.0%),
did not wear gloves during food handling (100.0%), han-
dles both money and meat with the same hand without
sanitizing (100.0%), did not wash hands with soap and
warm water (100.0%) and talks while serving custom-
ers (100.0%). Contrarily, it was observed that majority of
suya vendors wore clean and tidy clothing (71.3%) and
maintains trimmed fingernails (72.7%).

This study also revealed that the vending areas showed
signs of the presence of pests and rodents (57.3%), were
near or directly on drainage systems (78.7%), vending was
done in an unclean area (64.7%) and grilling and selling
were conducted on tables without glass or net coverings
(100.0%), however, wrappers for suya were clean (93.3%)..

This study found that majority of the respondents
reheat leftover or previously cold foods (63.3%), sepa-
rate raw meats from grilled meats (84.7%), do not serve
grilled suya meats at cold temperature (82.0%) and do
not thaw frozen meats under sun (62.0%). Nonethe-
less, the respondents use the same chopping table for
raw and grilled meat (97.3%), do not use calibrated food
thermometers (100.0%), and knives are not sanitized or
heated before use (100.0%).

Table 6 shows the relationships between RTE meat
(suya) vendors’ practices, knowledge, education and oth-
ers, based on their correlation coefficients and signifi-
cance levels. Perfect positive correlations (1.000, 1.000,
1.000) occur among practices, medical check-up, and
job training, while strong negative correlations (— 1.000,
—1.000, —1.000) were evident between medical checkup
and age, as well as work experience with practices, medi-
cal checkup, and job training.

Discussion

This study reveals the microbial contamination and prev-
alence of antibiotic-resistant Salmonella enterica in RTE
meat (suya) and its contact surfaces as well as the knowl-
edge and practices of food safety among suya vendors in
Minna Metropolis, Niger State, Nigeria. The total micro-
bial load of RTE meat (suya) and its contact surfaces was
relatively high, with counts (8.5 x 107 to 2.35 x 10° cfu/g
or cm?) exceeding acceptable levels set by food safety
standards and categorized as unsatisfactory (Center for
Food Safety, 2014). Notably, the highest total microbial
load was enumerated from hand samples of suya vendors
in Maikunkele, while the lowest was on knife samples
from Tunga. The unsatisfactory total microbial load levels
in this study highlighted hygienic deficiencies in the han-
dling and processing of meat into suya. This result agrees
with the report by Adeleye et al. (2022) who indicated
unsatisfactory total microbial load ranging from 9.20
x10° to 1.30 x 107 cfu/g in RTE hawked suya samples
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Table 4 Knowledge of hygienic practices among RTE meat (suya) vendors in Minna

Variables True (%) False (%) Don’t know (%)
Personal hygiene
Food vendors are required to cover their hair while working 66.0 4.7 293
Is it essential for food vendors to wear an apron or overcoat 46.0 273 26.7
Is it optional for food vendors to wear sterilized gloves 89.3 2.0 8.7
Food vendors can use the same hand to collect money and handle meat without sanitizing 20.0 70.7 93
Is it permissible for food vendors to continue working in soiled clothing 33 89.3 73
Washing hands with soap and warm water help reduce contamination 98.7 1.3 0.0
Food vendors can scratch their body parts and continue working without sanitizing their hands 86.7 8.7 4.7
Food vendors are allowed to have long fingernails while working 340 54.0 12
Medical examination is mandatory for food vendors 813 18.7 0.0
Environmental hygiene
It is acceptable for food vendors to eat, drink, or talk while selling food 92.0 33 47
Location of food preparation and sale should be free from pests and rodents 96.7 0.0 33
Location of food preparation must be far from drains 100.0 00 0.0
Grilling and selling should be done on a table covered with glass or a net 79.3 53 153
Dirty clothes or hands can spread microorganisms to food 92.0 4.7 33
Coughing or sneezing on food have negative effects on consumers 12.0 78.7 93
Smoking while preparing or selling food is considered acceptable 1.30 98.7 0.0
Food hygiene
Both grilled meat and spices should remain uncovered 12.0 420 46.0
Is it acceptable to store fresh and grilled meat together 19.3 64.0 16.7
Equipment like knives should be washed under running water 8.7 353 56.0
It is unimportant to sanitize dishes used during food preparation 19.3 58.7 220
Leftover grilled meat should be kept at room temperature 12.0 50.0 380
It is appropriate to thaw frozen food under the sun 393 313 293
Separate cutting tables should be used for fresh and grilled meat 66.0 173 16.7
Grilled meat should contain higher water content 287 17.3 540
Grilled meat should be very hot before serving 33 0.0 96.7

obtained from Dutse Urban, Northwest Nigeria. Osunde
et al. (2024) also reported high levels of total microbial
load (4.00 x10%) contamination in RTE suya collected
from Adolor, Benin City Nigeria, which also agrees with
this study. However, the results of this study was gener-
ally higher than that of Adio et al. (2014) who found the
total microbial load of RTE meat (suya) sold in Lagos
to be 9.4 x10° cfu/g borderline according to Centre for
Food Safety (2014). Total microbial load of 9.10 X 10° to
2.68 x 107 cfu/g was recorded for khebab (suya) obtained
from Kumasi, Ghana (Ayamah et al. 2021), which was a
bit lower than the findings of the current study. The dif-
ferences in total microbial load may be due to the dif-
ferences in the level of hygienic practices observed by
vendors in the various geographical areas.

The presence of Salmonella enterica in RTE meat (suya)
emphasizes the public health threat associated with the
consumption of suya. Salmonella enterica was detected
in 13% of the 384 samples, of which suya (26%) was the
most contaminated source. The presence of Salmonella

contamination in suya could be due to cross contamina-
tion from the fresh meat during and after processing. The
prevalence varied across locations, with Bosso exhibiting
the highest rate (17%), followed by Tunga and Maitumbi
(14%). The presence of Salmonella enterica in contact
surfaces.

such as knives, spices and hands was lower than suya,
but these contact surfaces can increase cross contamina-
tion rate. The results of this study was higher than 3.5%
reported by Dagah et al. (2024) from Abuja and 4.9%
reported by Oludairo et al. (2022) from Ilorin. The dif-
ferences in prevalence of these studies could be due
to variations in hygienic practices, number of samples
examined, sampling procedures and methodologies
employed. The current result found for spice agreed with
the findings of D’Oca et al. (2021) who reported 8.3% Sal-
monella spp. in sesame samples, used as spices in Nige-
ria. However, the result was higher than that of Famewo
et al. (2019); Korkmaz and Islamoglu (2021) who did not
isolate Salmonella spp. from spices used for barbecue in
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Table 5 Food safety practices among RTE meat (suya) vendors in Minna

Dependent Variables Yes (%) No (%)

Personal hygiene
Vendor keeps hair tied or covered 12.7 87.3
Vendor wears an apron or protective coat 24.0 76.0
Vendor wears clean and tidy clothing 713 287
Vendor uses gloves during food handling 0.0 100.0
Vendor handles both money and meat with the same hand without sanitizing 100.0 0.0
Vendor wears ring while working 62.0 380
Vendor maintains trimmed fingernails 727 273
Vendor washes hands with soap and warm water 0.0 100.0
Vendor talks while serving customers 100.0 0.0

Environmental hygiene and sanitation
Grilled meat vendors work in a clean environment 353 64.7
The vending area shows signs of pests and rodents 573 42.7
The vending location is near or directly on drainage systems 78.7 213
Grilling and selling are conducted on tables with glass or net coverings 0.0 100.0
Wrappers for grilled meat are unclean 6.7 933

Food hygiene
Vendor reheats leftover or previously cold food 63.3 36.7
Raw meat is kept separate from grilled meat 84.7 153
Grilled meats are served at a cold temperature 18.0 82.0
Vendor thaws frozen meat in direct sunlight 380 62.0
The same chopping board is used for raw and grilled meat 97.3 2.7
Vendor uses calibrated food thermometers 0.0 100.0
Knives are sanitized or heated before use 0.0 100.0

Table 6 Correlation among suya vendors and their knowledge and practices of food safety

Correlation (Multiple R-squared)

Variables Practices Knowledge Education Work experience Medical checkup Job Training

Practices 1

Knowledge —0.08(1%) 1

Education 0.60(36%) 0 1

Work experience —1.000** —0.50(25%) —0.50(25%) 1

Medical checkup 1.000** —1.000** 1.000%* —1.000** 1

Job Training 1.000%* —1.000%* 1.000%* —1.000%* 1.000** 1

Age 0 0.60(36%) —0.80 (64%) 0.50(25%) —1.000** —1.000**

**Correlation is significant at P< 0.01

Alice, South Africa and Istanbul, Turkey, respectively.
The result of this study was lower than 31% of Salmonella
spp. found in spices in India (Gulati and Das 2021).

Cross contamination has long been recognized as a
significant contributing factor to the presence of patho-
gens on food contact surfaces, and this understand-
ing is reinforced by numerous studies. Dantas et al.
(2018) demonstrated that cutting boards made from
various materials including plastic, wood and glass, can

retain Salmonella after being used to cut poultry meat
deliberately inoculated with the bacteria. This finding
emphasized the risks associated with reusing contami-
nated utensils and surfaces without proper sanitization.
Also, Kanko et al. (2023) reported that 38% of swab
samples from butcher shops in Ethiopia were contami-
nated, with knives, workers’ hands, and tables being
frequently implicated as vectors for bacterial trans-
mission. These findings indicated that multiple points
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of contact in food handling environments can serve as
reservoirs for pathogens. In contrast, lower contamina-
tion rates have been observed in some studies in Nige-
ria. For instance, Okafor et al. (2020) reported a 4.5%
contamination rate on knives used in the slaughter and
dressing of carcasses in abattoirs in Anambra State,
Nigeria. Furthermore, a study conducted in Egypt by
Fahim et al. (2022) found that only 1.56% of hand swabs
from food handlers were contaminated.

In this study, the antibiotic susceptibility test revealed
that 56% of the Salmonella enterica isolates were suscep-
tible to the antibiotics examined and, 24% were resistant,
with the highest resistant observed for amoxicillin (65%).
Susceptibility was highest for trimethoprim-sulfameth-
oxazole (95%), azithromycin (86%), and gentamicin
(74%). On average, MAR index was 0.2, suggesting a
moderate level of resistance. However, some isolates
demonstrated resistance to multiple antibiotics, includ-
ing a concerning case of resistance to seven antibiotics.
This finding reflected the pressing need for judicious
antibiotic use in both healthcare and food production to
mitigate the spread of resistant strains. The current result
was similar to the following studies; Aduah et al. (2021)
who found Salmonella enterica isolates from RTE meat
to be resistant to more than one antibiotic drugs. Dagah
et al. (2024) also reported that Salmonella isolates from
suya in Abuja displayed multidrug resistance. In addition,
Oludairo et al. (2022) found that all the Salmonella iso-
lates from RTE meat (suya) in Ilorin, Kwara State, Nige-
ria, were resistant to multiple antibiotics, presenting an
even more concerning scenario of resistance compared
to the current study. These variations in resistance rates
across different studies may reflect differences in geo-
graphical regions, and the extent of antibiotics usage.

The demographic data of suya (RTE meat) vendors
in Minna indicated that all the respondents were men
of which majority were aged 30-39 years and had lim-
ited formal education. Similar findings were reported by
Aduah et al. (2021), Hassan et al. (2017) and Asati et al.
(2024) that men, youth and people with limited educa-
tional background predominate the RTE meat selling.
However, this contradicts the findings of Magqupu et al.
(2023) who found that female dominate RTE street pork
vending business. Majority have been in the suya vend-
ing business for 10 years and above and beef was the
most used meat type as a result of consumer preference
which is similar to findings by Aduah et al. (2021). Most
respondents purchased raw meats from other sources
like middlemen who provide them the meats on credit
other than from the abattoir due to financial challenges
of vendors which raises concerns about the quality and
safety (health status of the animals, where and how they
were slaughtered) of the meats used for suya processing.
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Majority of the respondents knew food vendors are
required to cover their hair, wear apron and cannot use
the same hand to collect money and handle meat with-
out sanitizing while working. Most of the respondents
also knew that it is not permissible for food vendors to
continue working in soiled clothing, hands should be
washed with soap and warm water to help reduce con-
tamination, keeping of long fingernails for vending is not
allowed and medical examination is mandatory for food
vendors. However, the majority thought it was optional
to wear sterilized gloves and food vendors can scratch
their body parts and continue working without sanitiz-
ing their hands. These aligned with the findings of Aduah
et al. (2021), which highlighted the importance of hygiene
in meat processing. Furthermore, most of the respond-
ents knew that the location of food preparation and sale
should be free from pests and rodents, far from drains,
as well as grilling and selling should be done on a table
covered with glass or a net, dirty clothes or hands can
spread microorganisms to food and smoking while pre-
paring or selling food is considered unacceptable. Con-
versely, majority of the respondents did not know that
it is unacceptable for food vendors to eat, drink or talk
while selling food and coughing or sneezing on food have
negative effects on consumers. This is inconsistent with
observations made by Aduah et al. (2021), who found
that, 99% of RTE meat vendors were aware that eating
and drinking while selling meat increases the risk of meat
contamination. In addition, most of the respondents
did not know whether grilled meat and spices should be
covered, knives should be washed under running water,
grilled meat should contain lower water content and
grilled meat should be very hot before serving. However,
the respondents knew that it is unacceptable to store
fresh and grilled meat together, it is important to sanitize
dishes used during food preparation, leftover grilled meat
should not be kept at room temperature and separate
cutting tables should be used for fresh and grilled meat.

Majority of the respondents did not tie or cover their
hair, wear gloves during food handling, or sanitize their
hands after handling both money and meat with the
same hand. They used the same chopping board for
raw and ready-to-eat (RTE) suya meats, did not use
calibrated food thermometers, and failed to sanitize or
heat knives before use. These practices align with find-
ings by Ma et al. (2019), who reported that over half
of street food handlers did not cover their hair while
handling, preparing, or serving food, used bare hands,
handled money while serving food, and used the same
utensils for raw and cooked food. Additionally, many
wore rings while working, did not wear aprons, failed to
wash hands with soap and warm water, and talked while
serving customers. Grilling and selling often occurred
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on tables without glass or net coverings, and vending
areas were frequently located near drainage systems
or showed signs of pests and rodents. This contradicts
findings by Asati et al. (2024) and Ma et al. (2019) who
observed that vending areas were far from rubbish,
wastewater, toilets, and open drains. Conversely, most
suya vendors were observed wearing clean and tidy
clothing, maintaining trimmed fingernails, reheating
leftovers or previously cold foods before serving, avoid-
ing serving RTE suya meat at cold temperatures, and
refraining from thawing frozen meats under the sun.
These findings align with Asati et al. (2024), Ma et al.
(2019) and Siluma et al. (2023) who reported that food
handlers often wore clean, presentable clothing and
maintained clean, short fingernails.

Perfect positive correlations (1.000) were observed
among practices, medical check-ups, and job train-
ing, while strong negative correlations (—1.000) were
noted between medical check-ups and age, as well as
work experience with practices, medical check-ups, and
job training. These findings contrast with Hilmi (2020),
who stated that street food vendors’practices were pri-
marily influenced by their business experience. Educa-
tion showed a moderate positive influence on practices
(0.60), with job training and medical check-ups being
the main drivers. This aligns with Fillol et al. (2024),
who emphasized education’s transformative potential in
improving health and well-being. However, the findings
differ from Hashanuzzaman et al. (2020) who reported
a strong positive correlation (0.8415) between food
handlers’knowledge and practices, and Boakye et al.
(2023) who found that knowledgeable fruit and vegetable
vendors exhibited positive food hygiene practices (0.45).

Limitation of the study

The study was confined to five areas within Minna
Metropolis, which may limit how applicable the findings
are to other parts of Nigeria. Although pre-tested ques-
tionnaires were used to improve the reliability of self-
reported information, there is still a risk that the desire
to give socially acceptable answers might have influenced
the vendors’ responses. The use of snowball sampling,
which is non-random can lead to potential bias, limit-
ing the generalization of the current findings. Lastly,
while microbiological tests were performed in triplicate
to ensure accuracy, the study did not carry out molecu-
lar analyses of the Salmonella isolates (e.g., serotyp-
ing, detection of antimicrobial and virulence genes, and
assessment of genetic relatedness) which limits the depth
of understanding regarding the pathogenic potential,
transmission dynamics, and public health implications of
the isolates identified.
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Conclusion

The study identified microbiological contamination in
suya samples sold within Minna Metropolis, including
the presence of Salmonella enterica, suggesting lapses
in hygiene and food safety practices among vendors. In
addition, the study highlights moderate prevalence of
antibiotic-resistant Salmonella, with concerning cases
of multidrug resistance. Vendors'inconsistent adher-
ence to food safety practices is a worry and necessitates
actions to prevent foodborne diseases outbreaks from
the consumption of suya and contact with suya associ-
ated sources.

Recommendations

Regular job training, mentorship programs, and con-
tinuous education on hygienic food handling by stake-
holders are recommended to enhance vendors’practices
and minimize contamination risks. Moreover, stricter
monitoring and enforcement of food safety standards
by the National Agency for Food and Drug Administra-
tion and Control are necessary to mitigate the public
health threat posed by contaminated suya and its con-
tact surfaces.
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