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ABSTRACT

Ready-to-eat (RTE) foods serve as convenient meals but often pose a significant risk of
microbial contamination and the spread of antimicrobial-resistant pathogens, particularly
in low-resource settings. This study investigated the antimicrobial-resistant profile of
bacteria in ready-to-eat (RTE) food, particularly doughnuts, sold in Jos Nigeria. The study
was conducted within Jos South and Jos North Local government areas of Plateau State. A
total of 40 samples of doughnuts were collected from eight locations, ensuring a diverse
representation of different doughnut types and brands from different retail vendors in and
around Jos metropolis. Our findings revealed a significant contamination rate, with
Bacillus spp. (34.15%) being the most prevalent, followed by Klebsiella aerogenes (19.51%)
and Bacillus firmus (12.19%). Notably, Escherichia coli was detected at a prevalence of
4.87%, raising concerns about potential fecal contamination and its associated health
risks, especially regarding virulent strains. The study further underscores the alarming
antibiotic resistance patterns observed, with 99.97% of bacterial isolates exhibiting
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resistance to one or more antibiotics, and many being multidrug-resistant. The sources of
contamination are likely linked to inadequate hygiene practices among food handlers.
Given the endemic nature of enteric diseases in Nigeria, the emergence of resistant strains
necessitates robust surveillance systems for food safety. The results advocate for targeted
educational initiatives for food vendors and stringent regulatory measures to enhance the
microbiological quality of RTE foods. This research contributes to the growing body of
evidence emphasizing the need for ongoing monitoring of antimicrobial resistance in food
sources to safeguard public health in developing regions.
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INTRODUCTION

confectionary (Pinegar and Cooke, 1985; Sanford et al.,
2021) meat and meat products and poultry (Schoeder et
al.,, 2017; Kraker et al., 2024). Hence food contaminated
by faecal material from healthy humans may be an
important source of antibiotic-resistant organisms that later

Food consumption is an important pathway for bacteria to
infect humans, hence the presence of antimicrobial
resistant bacteria in foods warrants particular attention.
Antimicrobial resistant bacteria have been recovered from
both healthy humans (Okeke et al., 2019; Osek et al.,
2022) and a wide variety of foods, which include cause human infections (Schoeder et al., 2017; Weinstein
vegetables (Osterblad et al., 2019; Glickman et al., 2024), & Lewis, 2020). Contamination of food may occur during
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and after processing of such food. Contamination of ready-
to-eat food is of primary concern because such organisms
may be pathogenic thereby leading to outbreak of food-
borne illness. Moreover, non-pathogenic organisms that
may contaminate man’s food chain from time to time may
serve as reservoir of genes for antimicrobial resistance in
organisms. These genes are encoded by introns that occur
on plasmids or that are integrated into the bacterial
chromosome (Goldstein et al, 2022). Antimicrobial
resistant strains of animal or human commensals that do
not produce disease may transmit their resistance genes
to pathogenic organisms whenever they occur in humans.
Antibiotic resistance has become a growing global concern
affecting both human and animal populations, with the
World Health Organization (WHQ) (2018) declaring it one
of the biggest threats to global health, food security, and
development. The overuse and misuse of antibiotics in
human medicine and agriculture have accelerated the
emergence and spread of antibiotic-resistant bacteria.
While much attention has been given to antibiotic use in
healthcare settings, the role of food in the spread of
antibiotic-resistant bacteria is gaining recognition. Food
products, including those prepared in commercial settings
such as doughnuts, can serve as reservoirs for antibiotic-
resistant bacteria due to various factors such as handling
practices, contamination during production, and the
presence of antibiotic residues in ingredients (Ahmed et
al., 2019; Scardino et al., 2025).

Doughnuts, a popular snack food, can potentially harbor
antibiotic-resistant bacteria due to the use of contaminated
ingredients, poor handling practices, and inadequate
cooking temperatures. Bacteria such as Staphylococcus
aureus, Escherichia coli, and Salmonella species are
commonly found in doughnuts and can pose a significant
risk to human health (Hartantyo et al., 2020). Studies have
shown that antibiotic-resistant bacteria can be transmitted
through the food chain, including baked goods like
doughnuts. The antibiotic resistance profile of bacteria
isolated from doughnuts is essential to understand the
scope of the problem and develop effective strategies to
combat antibiotic resistance (Praveenkumarreddy et al.,
2020).

In Nigeria, where this study was conducted, there is a
lack of data on the antibiotic resistance profile of bacteria
isolated from doughnuts (Rahman et al., 2016). This study
aims to bridge this knowledge gap by investigating the
antibiotic resistance profile of bacteria isolated from
doughnuts sold in and around Jos Plateau State, providing
valuable insights into the prevalence of antibiotic-resistant
bacteria in the food chain.

MATERIALS AND METHODS
Study area
Jos south and north local government area of plateau state

was used as the study area. Jos south and north LGA are
the major towns in Plateau state comprising of a dense

population. Also, the state largest markets are located on
these LGAs making it suitable for business. The dense
population of Jos is made up of mostly civil servants and
traders.

Sample collection

A total of 40 samples of doughnuts were collected from
eight locations, ensuring a diverse representation of
different doughnut types and brands from different retail
vendors in and around Jos metropolis. The samples were
aseptically collected in sterile polythene bags and
transported to the Microbiology laboratory at the National
Veterinary Research Institute (NVRI) Vom, Plateau State,
Nigeria. The samples were analyzed within 1 hour
according to standard microbiological procedures.

Bacterial isolation and identification

Each snack products were macerated using a sterile
marble mortar (NPC, 2006). One gram (1g) of each sample
was measured using electronic weighing balance and
suspended into 9ml of nutrient broth for pre-enrichment
and incubated at 37°C for 24hours. a loopful of the enrich
sample was plated on blood agar and MacConkey agar
respectively by streak plate technique. The plates were
incubated at 37°C for 24 hours. Suspected growths of E.
coli and Kilebsiella spp., staphylococcus spp., Klebsiella
spp., Bacillus spp. were identified through macroscopic
properties, Gram staining and biochemical test (NPC,
2006).

Bacteria were isolated from the doughnut samples using
standard microbiological techniques. The isolates were
Gram stained and further identified using biochemical tests
to determine the bacterial species present in the samples.

Antibiotic susceptibility testing

The antibiotic susceptibility testing was performed using
the disk diffusion method with 10 different antibiotics
tested each for Gram positive and Gram-negative bacteria.
The isolates were exposed to a panel of antibiotics
representing various classes to assess their resistance
profiles. The number of antibiotics to which each bacterium
was resistant was noted for the identification of multidrug-
resistant strains.

Data analysis

Data analysis was conducted using R Console Version
4.4.1. Data were presented in tabular form for clarity and
ease of interpretation. To determine the occurrence of
bacteria isolates from doughnut, the Chi-square test was
employed. Differences were considered statistically
significant at p < 0.05.
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RESULTS

Occurrences of bacterial species isolated from
doughnut sold in Jos

The bacteriological analysis of 40 retailed doughnut
samples collected in Jos revealed the presence of ten
distinct  bacterial  species. Members of the
Enterobacteriaceae family accounted for three of the
isolates, with Klebsiella aerogenes emerging as the most
prevalent within this group. It constituted 19.51% of the
Enterobacteriaceae isolates and ranked as the second
most frequently isolated species overall (Table 1). Bacillus
species dominated the bacterial profile, representing
34.14% of all isolates, indicating a significant presence of
spore-forming organisms associated with environmental
and post-processing contamination. Among the Gram-
positive bacteria, Bacillus firmus (12.19%),
Staphylococcus aureus (9.8%), and Bacillus circulans
(7.32%) ranked third, fourth, and fifth, respectively, in
terms of frequency. Both Escherichia coli and coagulase-
negative staphylococci (CoNS) each accounted for 4.87%
of the total isolates, suggesting moderate fecal and skin
contamination. The least frequently detected organisms
were  Aeromonas  species  and Paenibacillus
cellulositrophicus, each comprising 2.43% of the total
bacterial isolates. Therefore, there was a very high
significant difference (x® = 37.293, df = 9, P<0.001) in the
occurrence of bacteria species isolated from doughnut
sold in Jos (Table 1).

Table 1: Occurrences of bacterial species isolated from doughnut sold in
Jos.

Bacterial species Number of
Occurrences (%)
Aeromonas sp. 1(2.43)
Bacillus circulans 3(7.32)
Bacillus firmus 5(12.19)
Bacillus sp. 14(34.15)
Escherichia coli 2(4.87)
Enterobacter sp. 1(2.43)
Coagulase-Negative Staphylococcus 2(4.87)
aureus CoNS
Klebsiella aerogenes 8(19.51)
Paenibacillus cellolositrophicus 1(2.43)
Staphylococcus aureus 4(9.8)
Total 41(100)

X% = 37.293, df = 9, P<0.001

Susceptibility profile of gram-negative bacteria
isolated from doughnut sold in Jos

Table 2 presents the antibiotic susceptibility profiles of
bacterial isolates recovered from doughnut samples. The
findings indicate that Aeromonas species exhibited
complete resistance to all tested antibiotics, making them
the only Gram-negative isolates in the study to display
such multidrug resistance. In contrast, Escherichia coli
showed full susceptibility to both Gentamicin (20/10 ug)
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and Ampicillin (5 pg), with 100% of isolates responding
positively to each. Klebsiella aerogenes demonstrated
partial susceptibility, with 50% of isolates sensitive to
Gentamicin and Ampicillin, respectively. Enterobacter
species, however, exhibited complete susceptibility to
Gentamicin (20/10 pg), Ampicillin (5 pug), and Ciprofloxacin
(5 ug), with all isolates (100%) responding favorably to
each of these antibiotics.

The antibiotic susceptibility profile of Gram-positive
bacteria isolated from doughnut samples, as presented in
(Table 3), revealed varied responses across the bacterial
species. Coagulase-negative staphylococci (CoNS)
exhibited complete susceptibility to Gentamycin (20/10
ug), Azithromycin (5 pg), and Ampicillin (5 pg), with all
isolates (2/2) demonstrating 100% sensitivity. Additionally,
50% of the CoNS isolates (1/2) showed susceptibility to
Levofloxacin (5 pg), indicating partial sensitivity.
Staphylococcus  aureus isolates displayed total
susceptibility to both Ampicillin (5 pg) and Zinnacef (5 ug),
with each antibiotic inhibiting 100% (1/1) of the isolates
tested. Similarly, Bacillus species demonstrated broad
susceptibility, with isolates showing complete sensitivity to
Gentamycin (20/10 pg), Pefloxacin (10 ug), Ciprofloxacin
(5 ug), and Ampicillin (5 ug), each with 100% effectiveness
(1/1). Further analysis showed that Bacillus firmus was
fully susceptible to Zinnacef (5 pg), while Bacillus circulans
responded positively to Erythromycin (5 pg), Levofloxacin
(5 pg), Ampicillin (5 pug), and Zinnacef (5 ug), all with 100%
susceptibility (1/1). Paenibacillus cellulositrophicus also
exhibited complete susceptibility to Gentamycin (20/10
ug), Azithromycin (5 pg), and Ampicillin (5 pg), again with
100% inhibition (1/1).

The data presented in (Table 4) illustrate the percentage
resistance rates of various bacterial species to the
antibiotics tested in this study. Cumulatively, the total
resistance recorded across all organisms stood at 9.997%
(x90.6821). Aeromonas species demonstrated the highest
resistance level, with a mean resistance rate of 1.765%
(x57.5232). Staphylococcus aureus and Bacillus species
followed closely, each exhibiting resistance rates of
1.176% (£3.1024). Escherichia coli, Enterobacter species,
and Bacillus firmus each showed identical resistance rates
of 0.980% (+0.0384). Meanwhile, Coagulase-Negative
Staphylococcus, Klebsiella aerogenes, and Paenibacillus
cellolositrophicus each recorded a resistance rate of
0.784% (+4.6356). Bacillus circulans exhibited the least
resistance at 0.588% (+16.2241).

Table 5 presents the antibiotic resistance patterns and
Multiple Drug Resistance Index (MDRI) of bacterial
isolates recovered from doughnuts, revealing a wide range
of resistance profiles, particularly among the Gram-
negative bacteria. Klebsiella aerogenes demonstrated the
highest level of multidrug resistance, with both isolates
showing resistance to all fourteen antibiotics tested. In a
similar pattern, a single isolate of Aeromonas species
resisted nine antibiotics, including Tetracycline,
Ciprofloxacin, Chloramphenicol, and Sulfadoxin. Among
the Gram-positive isolates, approximately 67% exhibited
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Table 2: Susceptibility profile of gram-negative bacteria isolated from doughnut sold in Jos.

ANTIBIOTICS (ug)

Bacterial No. of Isolated Bacteria PEF CN VA AM CPX SP CH TET S OFX
Species (10) (20/10) (10) (5) (5) (5) (15) (30) (5) (5)
Aeromonas sp. 1 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
E. coli 1 0(0.00) 1(100) 0(0.00) 1(100) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
K. aerogenes 2 0(0.00)  1(50)  0(0.00)  1(50)  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
Enterobacter sp. 1 0(0.00)  1(100) 0(0.00) 1(100) 1(100) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(100)
Pefloxacin (PEF), Gentamycin (CN), Ciprofloxacin (CPX), Septrin (SP), Chloramphenicol (CH), Vancomycin (VA), Ampicillin (AM), Tetracycline
(TET), Sulfadoxin (S), Ofloxacin (OFX).
Table 3: Susceptibility profile of gram-positive bacteria isolated from doughnut sold in Jos
ANTIBIOTICS (ug)
Bacterial No. of Isolated Bacteria APX CN PEF E LEV AZ CPX R AM z
Species (10) (20/10) (10) (5) (5) (5) (15) (30) (5) (5)
CoNS 2 0(0.00) 2(100) 0(0.00) 0(0.00) 1(50)  2(100) 0(0.00) 0(0.00) 2(100) 0(0.00)
S. aureus 1 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(100)  1(100)
Bacillus sp. 1 0(0.00)  1(100)  1(100) 0(0.00) 0(0.00) 0(0.00) 1(100) 0(0.00) 1(100) 0(0.00)
B. firmus 1 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(100)
B. circulans 1 0(0.00) 0(0.00) 0(0.00) 1(100) 1(100) 0(0.00) 0(0.00) 0(0.00) 1(100)  1(100)
P. cellulositrophicus 1 0(0.00)  1(100)  0(0.00) 0(0.00) 0(0.00) 1(100) 0(0.00) 0(0.00) 1(100)  0(0.00)

Levofloxacin (LEV), Ampiclox (APX), Gentamycin (CN), Ciprofloxacin (CPX), Ampicillin (AM), Zinnacef (Z), Rocephin (R), Azithromycin (AZ),
Erythromycin (E), Pefloxacin (PEF)

Table 4: Percentage resistance rate of bacterial species exhibited against tested antibiotics.

Organism

Total Percentage Resistance
Exhibited to Antibiotics (%)

Aeromonas sp.

Bacillus circulans

Bacillus firmus

Bacillus sp.

Escherichia coli

Enterobacter sp.

Coagulase Negative Staphylococcus
Klebsiella aerogenes
Paenibacillus cellolositrophicus
Staphylococcus aureus

Total

1.765+57.5232
0.588+16.2241
0.980+0.0384
1.176+3.1024
0. 980+0.0384
0.980+0.0384
0.784+4.6356
0.784+4.6356
0.784+4.6356
1.176+3.1024
9.997+90.6821

Table 5: Antibiotic resistance pattern and multi-drug resistance index (MDRI) of bacteria isolated doughnut sold in Jos.

Bacterial Isolates Number of Number of Resistance Pattern Multi-Drug Resistance
Isolates Antibiotic Resistant Index

CoNS 2 6 PEF, E, Z, APX, E, CPX 0.3
Staphylococcus aureus 1 5 APX, CN, PEF, AZ, R 0.5
Bacillus spp. 1 6 APX, E, LEV, AZ,R, Z 0.6
B. firmus 1 5 APX, LEV, AZ,R, Z 0.5
B. circulans 1 3 AZ, CPX,R 0.3
P. cellulositrophicus 1 3 PEF, E, Z 0.3
Escherichia coli 1 5 PEF, CPX, SP,CH, S 0.5
Enterobacter spp. 1 6 PEF, VA, SP, TET, S, OFX 0.6
Aeromonas spp. 1 9 PEF, VA, AM, CPX, SP, CH, TET, S, OFX 0.9
Klebsiella aerogenes 2 14 PEF, VA, AM, CPX, SP, CH, TET, S, OFX 09

VA, CPX, CH, TET, S 0.5
Total number of antibiotics used 10

Pefloxacin (PEF), Gentamycin (CN), Ciprofloxacin (CPX), Septrin (SP), Chloramphenicol (CH), Vancomycin (VA), Ampicillin (AM),
Tetracycline (TET), Sulfadoxin (S), Ofloxacin (OFX), Azithromycin (AZ), Erythromycin (E), Zinnacef (Z), Rocephin (R), Ampiclox

(APX)
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resistance to Ampiclox and Zinnacef. In contrast,
Sulfadoxin, Septrin, and Pefloxacin were universally
resisted by all Gram-negative isolates. Gentamycin
emerged as the least resisted antibiotic across the board.
The overall incidence of multidrug resistance was
relatively moderate, with most bacterial isolates showing
resistance to fewer than five antibiotics. Notably, three
bacterial species each showed resistance to six
antibiotics, while another three species were resistant to
five antibiotics each.

DISCUSSION

There is need for continued surveillance of emerging
antimicrobial resistant organisms isolated from both food
and healthy humans. This is because there is steadily
accruing evidence from around the world, which indicate
food as a source of antimicrobial-resistant organisms
(Seabela, 2020). The results from this study revealed that
ready-to-eat food and in particular, doughnuts get
contaminated with bacteria, which may either be
pathogenic or non-pathogenic. In the study, Bacillus sp.
was the most common bacterial isolate with an occurrence
of (34.15%) followed by Klebsiella aerogenes was also
reasonably high (19.51%) and Bacillus firmus (12.19%).
This agrees with the findings of (Novais and Freitas, 2020;
Rahman et al. 2021) who isolated same organisms in their
separate individual works.

In this study, E. coliwas found to have the prevalence of
(4.87%), and when found in food supplies, is indicative of
a recent fecal contamination and is a threat to public health
(Almansour et al., 2023; Pal et al., 2020). lts presence is a
major health concern especially in cases of verotoxin
producing E. coli (VTEC) Serogroup 0157, a major cause
of hemorrhagic colitis. Fecal contamination of food cannot
be prevented entirely, particularly in this setting where
hygienic standard of food production is low and not
monitored. Such organisms will continue to be an
inhabitant of food for the foreseeable future, at least in this
part of the world. The frequency of isolation of Klebsiella
aerogenes was also reasonably high (19.51%). According
to lwu et al. (2020), there is no surveillance system for
Klebsiella aerogenes in Nigeria; individual studies and
laboratory records have however revealed that diarrhea
and enteric fever is endemic in Nigeria (Rahman et al.,
2021; Okeke et al., 2019). Adding to the problem is the
emergence of Klebsiella strains resistant to
chloramphenicol and tetracycline, two antibiotics routinely
prescribed for the treatment of enteric fever. A high
percentage (99.97%) of the bacterial isolates were
resistant to one or more drugs and majority of the resistant
isolates were multiple drug resistant (Table 5) this
correlates with the findings of Amegah et al. (2020). The
source of these organisms isolated from the food samples
is likely to be via the hands of workers and/or utensils used
for the preparation of the doughnuts. Since most
organisms are likely destroyed by the high temperature
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used for frying, the contamination is most likely to be post-
cooking. Ready-to-eat food handlers and vendors have
been associated with contamination of food with various
types of aetiologic agents (Novais and Freitas, 2020).

Various reports have also established that Ready-to eat
food such as fish roll, meat pie contain bacteria pathogens
from fish, cattle and poultry which serves as important
reservoirs for antimicrobial-resistant organisms (Amegah
et al., 2020). Moreover, antimicrobial-resistant E. colihave
been traced from the gut contents of pigs, calves and
chicken, to carcasses at slaughter and ultimately shown to
colonize the gut of human volunteers handling and eating
meat (Seabela, 2020). Epidemiological data from lzah et
al. (2017) suggests that humans become colonized with
antimicrobial-resistant bacteria from food consumption.
Upon colonization, these organisms may transfer
antimicrobial determinants to other bacteria including
potential pathogens in the intestinal flora of man (Bennani
et al., 2020).

A closer look at the antibiotic resistance pattern
demonstrated by the bacterial isolates in this study
revealed that the findings presented in (Table 4) provide a
comprehensive overview of the antibiotic resistance rates
exhibited by various bacterial species isolated from
doughnuts samples. This data is critical for understanding
the public health implications of consuming street-vended
foods, particularly in relation to the effectiveness of
commonly used antibiotics. Aeromonas spp. exhibited the
highest resistance rate at 1.765%, indicating a notable
prevalence of resistance among the bacterial species. In
contrast, Bacillus circulans showed a lower resistance rate
of 0.588%. The total percentage resistance across all
species was 9.997%, suggesting that while some bacteria
exhibit significant resistance, the overall level is relatively
low compared to other studies. The findings from this study
are similar to those made by (Okeke et al., 2019; Salam et
al., 2023 and Grudlewska-Buda et al., 2023) who in their
separate works got percentage resistance of 9.991%,
9,994%, 9.996% respectively.

In (Table 5), both Klebsiella acrogenes and Aeromonas
spp. showed a significant MDR as they were resistant to
nine (9) out of ten (10) antibiotics tested. Such behavior
exhibited towards tested antibiotics should be considered
a red flag which requires rapid response and solutions to
safeguard antibiotics. About 67% of the isolates (8 out of
12) have MDR to five or more antibiotics. The gram-
negative bacteria showed the highest MDR especially the
Enterobacteriaceae family which were Kilebsiella
aerogenes and Enterobacter spp.

The presence of antibiotic-resistant bacteria in Read-to-
eat food products poses significant public health risks, as
it can lead to treatment failures and increased morbidity
(Amegah et al., 2020). The data suggests that while some
antibiotics remain effective against certain bacterial
strains, the emergence of resistance necessitates careful
monitoring and prudent use of these medications. The
observed resistance patterns align with global trends
indicating rising antibiotic resistance among foodborne
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pathogens (Novais & Freitas, 2020). Previous studies
have reported similar findings were E. coli and Bacillus.
spp. isolated from food sources exhibit high levels of
resistance to multiple antibiotics (Seabela, 2020). The
development of antibiotic resistance can be attributed to
several factors, including the overuse and misuse of
antibiotics in livestock production, poor hygiene practices
during food preparation, and inadequate food safety
regulations. The handling and processing conditions
associated with street food vendors may contribute to the
spread of resistant bacteria, emphasizing the need for
improved hygiene practices and regulatory oversight
(Amegah et al. 2020).

Conclusion

The presence of common pathogens such as Bacillus spp.
Escherichia coli, Klebsiella aerogenes, Staphylococcus
aureus, Aeromonas spp. and Enterobacter spp. in RTE
food and particularly doughnuts show their misplacement
and a possible occurrence of nosocomial diseases.
Similarities of pathogens outlined in this study to show
resistance to frequently used antibiotics that could lead to
difficult to treat diarrhea upon transmission and
persistence in the environment. The findings reveal
concerning levels of antibiotic resistance among bacterial
species isolated from doughnuts. While some antibiotics
remain effective against certain strains, the overall
prevalence of resistance underscores significant public
health risks associated with consuming contaminated
street-vended foods such as doughnuts. Targeted
education of food vendors and regular inspection of
vending sites could improve the microbiology quality of
RTE food including doughnuts.
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