
                                                                                                             International Journal of Research and Review 

                             Volume 11; Issue: 6; June 2024 

                                                                                                                                                               Website: www.ijrrjournal.com  

Research Paper                                                                                                                     E-ISSN: 2349-9788; P-ISSN: 2454-2237 

 

                                      International Journal of Research and Review (ijrrjournal.com)  5 

Volume 11; Issue: 6; June 2024 

Microbiological Analysis and Antimicrobial 

Susceptibility Pattern of Salmonella typhi and 

Escherichia coli Isolated from Raw Vegetables Sold in 

Some Selected Markets in Damaturu, Potiskum and 

Bade L.G.A, Yobe State, Nigeria 
 

Sheriff Wakil1, Rabi Yakubu Bello2, Saheed Yunusa3 
 

1,2,3Department of Microbiology, Yobe State University, Damaturu, Nigeria 
 

Corresponding author: Sheriff Wakil 
 

DOI: https://doi.org/10.52403/ijrr.20240602 
 

 

ABSTRACT 

 

The contamination of vegetables by 

pathogenic microorganisms is a global 

challenge to food safety and human health. 

This study was carried out to isolate 

Salmonella typhi and Escherichia coli on three 

different raw vegetables (tomato, lettuce and 

carrot) randomly sampled from central markets 

(Damaturu, Potiskum and Bade) in Yobe State, 

Northeast, Nigeria. A total of two hundred and 

seventy (270) raw vegetable samples; (30) 

tomatoes, (30) lettuce and (30) carrots from 

each market were collected in clean-sterilized 

sampling bag and taken to Microbiology 

Laboratory, Department of Microbiology, 

Yobe State University Damaturu, Nigeria, for 

the isolation of S. typhi and E. coli using 

standard laboratory protocol. One hundred and 

thirty-six (136) positive isolates; Sixty-seven 

(67) S. typhi and sixty-nine (69) E. coli were 

obtained from raw vegetables. Damaturu 

market S. typhi were high in lettuce 47.1%, 

tomato 41.7% and carrot 37.5% while the E. 

coli has highest percentage on carrot 62.5%, 

tomato 58.3% and lettuce 52.9%. In Potiskum 

market, S. typhi occur higher on lettuce 57.7%, 

carrot 56.3% and tomato 42.9% while E. coli 

has high percentage on tomato 57.1%, carrot 

43.7% and lettuce 42.3%. In Gashua (Bade) 

market, S. typhi has high occurrence on lettuce 

54.5%, tomato 45.5% and carrot 40.0% while 

E. coli has highest occurrence in carrot 60.0%, 

tomato 54.5% and lettuce 45.5% respectively. 

The antibiotic sensitivity test of the resistant 

isolates (S. typhi and E. coli) shows one 

hundred and thirty-six (136) were isolated, 

thirty-seven (37) resistant isolates in 

Damaturu, fifty-six (56) in Potiskum and forty-

five (45) in Gashua markets. The resistant 

genes were observed using an agarose gel 

electrophoresis of amplified 16SrRNA gene 

for S. typhi at 500bp and 586bp for E. coli were 

detected. The high presence of the resistant 

isolates in raw vegetables indicates 

contamination of faecal origin probability 

during harvesting, processing, selling and/or 

distribution under inadequate hygienic 

conditions. Surveillance and enlightenment 

were recommended to the general public on the 

health risk of consuming unhygienic raw 

vegetables.  
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Antibiotic resistance, Food safety, public 

health. 

 

INTRODUCTION  

The vegetables include the tomato (Solanum 

lycopersicum), lettuce (Lactuca sativa), carrot 

(Daucus carota), leafy, fruit, seed or root 

vegetables that are fit for human consumption. 

These parts are consumed whole or in part, raw 

or cooked as a supplement to other food crops. 

Nowadays, there has been an increase in fresh 

vegetables consumption due to health benefits 

in eating natural, healthy and functional foods. 

Consequently, consumers are seeking for 

vegetables products that maintain its natural 

nutrition and other aesthetic qualities such as 

flavor, texture and color properties (Nwinyi 

and Nduchukwuka, 2016). In the developing 

countries, vegetables are comparatively cheap 

and easy to grow. Thus, most rural women rely 

on this vegetable as source of income. Despite 

the numerous benefits of vegetables, it could 

be a medium for the spread of bacterial, 

parasitic, viral pathogens and antimicrobial 

resistance mechanisms (Abadias et al., 2008). 

As a consequence, the production and 

distribution of fresh vegetables could be a huge 

challenge to the food industry. 

The water is one of the principal agents for the 

spread of various enteric diseases (Ahmed et 

al., 2014). Some researchers have stated that 

water from contaminated sources can 

propagate harmful microorganisms that can 

affect the safety of such vegetables. Since most 

of the populations that grow vegetables are 

from rural areas, majority of them cannot 

afford expensive technologies, such as use of 

chlorinated water to rinse their vegetables. 

Accordingly, they adopt locally-available and 

cheap technologies such as rinsing with 

ordinary water from rivers and shallow wells 

without recourse about the safety of the 

vegetables (Chigor, Sibanda and Okoh, 2013). 

Food borne outbreaks associated with 

vegetables that are partially processed or 

consumed naturally have increased over the 

years (Altekruse and Swerdlow, 1996.). This 

rise in the food-borne outbreaks from 

vegetables is due to the favourable conditions 

that the vegetables provide consequently 

encouraging the growth and survival of many 

types of microorganisms. Some of the 

favourable conditions include nutrient rich 

internal tissues-comprising polysaccharides, 

pectin, hemicelluloses and cellulose. Entero-

pathogens such as Salmonella spp. and 

Escherichia coli are among the greatest 

concerns with food-borne outbreaks. In 2007, 

these organisms were implicated in food-borne 

outbreaks in UK that resulted in the recalling 

of bagged lettuce, such recalls damage the 

consumer’s confidence and hampers 

economically the income and corporate image 

of such food processing industry involved with 

the sale and distribution of such products. The 

entero-pathogens Salmonella spp. and 

Escherichia coli have been implicated in cases 

of typhoid fever and diarrhoea following 

consumption of contaminated raw vegetables. 

In most developing countries, street vending of 

fresh raw vegetables is on the increase and as 

such precautionary measures on the safety of 

the vegetables are not considered. 

Consequently, such vegetables could be a 

repository for various organisms that can 

severely affect the welfare of the consumers, 

shelf-life and nutritional worth of the 

vegetables (Beuchat, 2002.). The Food and 

Agriculture Organization and the World 

Health Organization strongly recommend 

more than 400 g/day intake of fruits and 

vegetables in diets to promote good health 

(FAO/WHO, 2014). Despite the health 

benefits derived from consuming fresh 

vegetables, the risk of microbiological 

contaminations in raw vegetables is of public 

concern due to the possibility of vegetable 

contaminations along the food chain, 

beginning from the vegetable farm up to the 

consumer’s (Kuan et al., 2017); this concern is 

compounded by the fact that these vegetables 

are mostly eaten fresh (not cooked) and 
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washing may not guarantee decontamination, 

so that any resident microorganism easily enter 

the alimentary canal. Thus, these public 

concerns are justifiably informed based on re-

ported cases of numerous foodborne disease 

outbreaks caused by consumption of fresh 

vegetables contaminated by microorganisms 

like Listeria monocytogenes, Escherichia coli 

O157:H7, and Salmonella spp. (CDC, 2011 

and 2012; Maffei et al., 2013; Beuchat, 2017). 

Various estimates of incidences of foodborne 

disease outbreaks have resulted in illnesses, 

hospitalizations, deaths, and even food recalls 

in some countries, particularly United States of 

America (Scallan et al., 2011; WHO, 2015; 

CDC, 2016). Microbiological contamination 

of raw vegetables can occur directly or 

indirectly through (a) contact with soil, dust, 

water, and (b) punctures and open cuts of 

tissues of vegetables; thus, contaminations of 

vegetables may occur internally or externally 

during cultivation, harvest, packaging, storage, 

transporting and marketing (Solomon et al., 

2002; Bernstein, 2007; Eni et al., 2010; Giusti 

et al., 2010). Contaminated vegetables rot 

more quickly and become unwholesome due to 

microbiological activities of resident 

microorganisms. Vegetable spoilage by 

microorganisms is possible, because 

vegetables serve as suitable substrates that 

present the microorganisms with a plethora of 

valuable nutrients essential for microbial 

growth. This is a concern for consumers and 

public health and safety practitioners. 

Vegetables, whether sold as part of street-

vended foods, as part of the menu at eateries, 

or used domestically for family meals, have 

understandably come under strict scrutiny by 

the Nigerian vegetable consumers. This is 

particularly so since there is widespread belief 

and acknowledgement among most consumers 

that vegetables sold on the Nigerian markets 

are largely produced and handled under 

unhygienic conditions and practices, i.e., 

application of manure to soils during 

cultivation of vegetables, irrigation of 

vegetables farms with heavily contaminated 

water, use of unclean water to wash vegetables, 

dressing vegetables on the bare floor and 

concrete slabs on the farm and at the grocery, 

and insufficient pre- and post-harvest 

inspections of vegetables (Wachtel et al ., 

2002a & 2002b). 

In Nigeria, pipe-borne water is the most 

commonly used water source to irrigate 

vegetable farms, but due to the high cost and 

unreliable water supply, most vegetable 

farmers have re-sorted to the use of water from 

streams, wells and storm drains as alternate 

water sources to irrigate vegetable farms. 

Unfortunately, these alternative water sources 

are heavily polluted, especially with 

pathogenic and toxigenic microorganisms 

(Keraita et al., 2008; Donkor et al., 2010; 

Adentunde et al., 2015). 

Salmonella typhi and Escherichia coli are 

Gram-negative, rod-shaped bacteria under 

Enterobacteriaceae family. Salmonella typhi is 

the causative agent of typhoid fever, 

paratyphoid fever, and food poisoning 

worldwide (Furchtgott et al., 2011). 

Escherichia coli is considered as a part of 

normal enteric microflora, and most of them 

are opportunistic pathogens for animal and 

human; however, this bacterium may cause 

serious diarrhea and other systemic diseases in 

healthy humans and animals (Levine, 1984).  

In this study, selected raw vegetables; tomato 

(Solanum lycopersicum), lettuce (Lactuca 

sativa), carrot (Daucus carota) popularly 

grown and consumed in the Damaturu, 

Potiskum and Bade (Gashua) Yobe State, 

Nigeria were assessed for epiphytic bacteria 

species (Salmonella typhi and Escherichia 

coli) associated with it, their antibiotics 

susceptibility patterns and molecular detection 

of the resistant genes of the isolates. The 

selected vegetables include: (tomato, lettuce 

and carrot). The selection of these raw 

vegetables was based on the huge culinary and 

medicinal benefits they offer the population 

when consumed raw or lightly cooked. 
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Therefore, the present study attempted to 

evaluate the presence of bacteria species 

(Salmonella typhi and Escherichia coli) 

associated with the selected raw vegetables. 

 

MATERIAL AND METHODS 

Study area 

The study was carried out in Damaturu, 

Potiskum and Bade (Gashua) Local 

Government Area, Yobe State- Nigeria. The 

sampling was carried out between the month of 

January- February, 2024. The Yobe State is 

located in the North-Eastern geopolitical zones 

of Nigeria. The state borders four 

states: Bauchi, Borno, Gombe, and Jigawa. 

Yobe State shares borders with Borno State to 

the east for about 421 km, Gombe State to the 

south for 140 km (in the vicinity of Gongola 

River), Bauchi State for 188 km (117 miles) 

and Jigawa State for 193 km (120 miles) to the 

west and the Republic of Niger to the north for 

about 352 km. It borders to the 

north the Diffa and Zinder Regions of Niger. 

Because the state lies mainly in the 

dry savanna belt, conditions are hot and dry for 

most of the year, except in the southern part of 

the state which has more annual rainfall (NPC, 

2006). 

Sample collection 

Two hundred and seventy (270) were collected 

thirty (30) of each raw vegetables tomato 

(Solanum lycopersicum), lettuce (Lactuca 

sativa), carrot (Daucus carota) was randomly 

collected from vegetable sellers in the study 

areas using sterile sampling bags and stored at 

in a cool container. The samples were labelled 

accordingly and transported immediately to 

Microbiology Laboratory, Yobe State 

University for further microbiological 

analysis. 

Samples enrichments 

Ten (10)g of tomato, lettuce and carrot samples 

each were weighed separately and transferred 

into selenite-f-broth medium and allowed to 

stand for 60minutes at room temperature, then 

incubated at 37oC for 24hours (Cheesbrough, 

2006). 

Isolation and identification of S. typhi and E. 

coli  

The enriched tomato, lettuce and carrot 

samples was inoculated aseptically onto 

Deoxycholate citrate agar for Salmonella typhi 

and Eosin Methylene blue agar for Escherichia 

coli isolations and were incubated at 37oC for 

24hours. The S. typhi appeared colourless with 

transparent black centre while the E. coli 

appeared with greenish metallic sheen colour. 

The colonies were further identify using gram 

staining and biochemical techniques (citrate, 

methyl red, triple sugar iron and indole tests) 

(CLSI, 2016). 

Antimicrobial susceptibility testing 

According to standard microbiological 

methods, the antibiotic susceptibility was 

determined by disk diffusion method (22). In 

this, the bacterial suspensions (0.5 turbidity, 

McFarland standard) were seeded on Mueller-

Hinton agar and the antibiotic-containing disks 

chloramphenicol 10 µg, ciprofloxacin 10 µg, 

amoxicillin 10 µg, gentamicin 10 µg, 

streptomycin 10 µg, ampicillin 10 µg, 

augmentin 10 µg, cefazolin 10 µg, ofloxacin 

10 µg, pefloxacin 10 µg were placed on the 

surface.  All the plates were incubated at 37oC 

for 24 hours. The zones of clearance round 

each test antibiotics were noted and the 

diameters of the zones were measured. The 

zones of the inhibition were used to determine 

the antibiotic susceptibility pattern of the 

isolates in terms of resistance, intermediate 

resistance and susceptible to the antibiotics 

(CLSI, 2016). 

DNA extraction and molecular 

identification 

The DNA templates of each of the confirmed 

pure Salmonella typhi and Escherichia coli 

isolates were generated by dispensing most of 

the pure colonies of overnight growth of the 

isolates onto 100-μL1X Tris- EDTA buffer, 

vortex mixed and boiled at 100°C for 10 

minutes. Then it was transferred immediately 

https://en.wikipedia.org/wiki/Bauchi
https://en.wikipedia.org/wiki/Borno_State
https://en.wikipedia.org/wiki/Gombe_State
https://en.wikipedia.org/wiki/Jigawa_State
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https://en.wikipedia.org/wiki/Gombe_State
https://en.wikipedia.org/wiki/Jigawa_State
https://en.wikipedia.org/wiki/Niger
https://en.wikipedia.org/wiki/Niger-Nigeria_border
https://en.wikipedia.org/wiki/Niger-Nigeria_border
https://en.wikipedia.org/wiki/Diffa_Region
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to the freezer (-20°C) for 10minutes, 

maintained at room temperature, vortex mixed 

again and centrifuged at 10,000 rpm for 10 

minutes. The resulting supernatant containing 

DNA templates of the isolates were separate, 

stored at 4°C, and used as DNA template for 

PCR amplification (Zhang et al., 2019). 

16SrRNA gene amplification  

PCR reaction (25 µL scale) contained master 

mixture (12.5 µL), forward and reverse 

primers (1 µL each), DNA template (4 µL), 

and nucleus free water (6.5 µL). The 16SrRNA 

gene from S. typhi was amplified using the 

thermocycler (Eppendorf, Germany). The 

reaction conditions included an initial 

denaturation at 94°C for 5 min, followed by 33 

cycles of reaction of denaturation at 94°C for 

30 Sec, annealing of primers at 65°C for 30 

Sec, elongation at 72°C for 45 Sec, and finally 

an extension at 72°C for 7 min. Similarly, the 

16SrRNA gene of E. coli was amplified using 

an initial denaturation at 95°C for 3 min, 

followed by 30 cycles of reaction of 

denaturation at 94°C for 45 Sec, annealing of 

primers at 58°C for 45 Sec, elongation at 72°C 

for 1 min, and a final extension at 72°C for 3 

min. All the PCR amplicons were visualized 

using gel electrophoresis on 2% agar after 

staining with ethidium bromide under UV 

transilluminator (UV Solo, Germany) (Saidu, 

Ishaleku, and Sheriff., 2023).   

 

RESULTS AND DISCUSSION 

The studied raw vegetables tomato (Solanum 

lycopersicum), lettuce (Lactuca sativa), carrot 

(Daucus carota) samples were found to 

contain Salmonella typhi and Escherichia coli. 

The S. typhi were detected in the vegetables on 

Deoxycholate citrate agar, all of the positive 

isolates appeared colourless with transparent 

black centre while the E. coli were detected on 

Eosin Methylene blue agar, all of the positive 

isolates appeared with greenish metallic sheen 

colour. Gram stain revealed the presence of 

Gram-negative, pink coloured, short rod 

bacteria, arranged in single and paired. The 

bacteria were motile seen by hanging drop 

slide technique. The were confirmed by 

conventional biochemical tests. All E. coli 

isolates fermented the five basic sugars 

(dextrose, sucrose, lactose, maltose and 

mannitol) producing both acid and gas. On the 

other hand, S. typhi could not ferment Sucrose 

and Lactose. All of the test isolates S. typhi 

were indole negative, positive for Methyl-Red 

(M-R) test and negative for V-P test.  E. coli 

isolates were catalase positive, V-P test 

negative, M-R positive, citrate negative and 

Indole test positive. The isolated E. coli was 

found to be motile using hanging drop slide 

technique. The results were summarized using 

a graphic chart based on percentages show in 

Fig. 1  

 
Figure 1: Some bacterial isolates (S. typhi and E. coli) in raw vegetable samples collected from A) Damaturu B) 

Potiskum and C) Gashu’a central markets, Yobe State, Nigeria. 
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Antibiotics susceptibility testing: In this 

study, the recommendation of Clinical and 

Laboratory Standards Institute was adopted. 

For this, the category Susceptible (S) implied 

that isolates are inhibited by  the  standard  

achievable concentrations of antimicrobial 

agent when applied at the right dosage, while 

the Intermediate (I) category implied that there 

was clinical efficacy at the sites, where the 

drugs are physiologically concentrated, which 

for instance could be antibiotics of classes of 

quinolones and β-lactams being present in the 

vegetable samples or where a higher than 

normal dosage of a drug is used (e.g., β-

lactams). For the group designated Resistant 

(R) it implied, that the isolates are not inhibited 

by the normal concentrations of the antibiotics 

when applied at normal dosage or where the 

zone of inhibition measured lie within the 

range, where specific microbial resistance 

mechanisms occur (CLSI, 2016). Therefore, in 

this study resistant isolates were considered. 

The table 1 show how the number of the 

resistant isolates on the raw vegetables 

collected from the three central markets across 

the Yobe State-Nigeria.  

 
Table 1: Antibiotic Sensitivity Testing Pattern of Salmonella typhi and Escherichia coli isolated in raw vegetable 

samples collected at Damaturu, Potiskum and Bade central market 
Antibiotics (10µg) DCM 

S. typhi (R)              E. coli (R) 

T     L    C                  T     L     C 

PCM 

S. typhi (R)              E. coli (R) 

T     L    C               T     L     C 

BCM 

S. typhi (R)              E. coli (R) 

  T       L     C         T     L     C 

CH  2     -     1                    2     1      - 

1     5     2                   3      4      - 

1     2      -                   -       -      - 
-       -      -                  -       1     - 

-       -      -                  -       2     1 

-        -      -                 -       1      - 
1       1      -                1        -      2 

-        -      -                 -        -      1 

-        -      -                 1       -      1    
-        -      -                 -        -      -          

-      -      -                2     -       1 

2     3      1               -      4      - 

1     4      2               3      -      2 
 -     -      3               -       2      1 

2     -      -                -       -       3 

 -      2     -               -       1       - 
 -       2     2               2      3      1 

 1       3     -               -       1      - 

-        1      1             -        -      -       
 1        -      -              1       -      - 

-         -        -           2     3      - 

1        -        -            -     -       - 

2        4        2          3     4       2 
-         1       -           -      1      - 

-         -        1          1      -      3 

1        3        1          -      -      1 
-         -         -          -      2      - 

1        2        -          -      -       - 

-         1        -          -      -      - 
-         1        -         -       -      -          

CPX  

AM  

CN 

S   

AMC  

AU  

CZ  

OFX  

PEF  

CH= Chloramphericol, CPX= Ciprofloxacin, AM= Amoxicillin, CN= Gentamicin, S= Streptomycin, AMC= 

Ampicillin, AU= Augmentin, CZ= Cefazolin, OFX= Ofloxacin, PEF= Pefloxacin. µg= microgram, R= 

Resistant, DCM= Damaturu central market, PCM= Potiskum central market, BCM= Bade central market, 

T= Tomato, L= Lettuce, C= Carrot, µg= microgram. 

 
Table 2: Primer used for PCR analysis 

Targeted genes  Base pair size (bp) Primers (5´-3´) Reference  

16SrRNA (S. typhi) 500 ACTGGCGTTATCCCTTTCTCTGGTG  

ATGTTGTCCTGCCCCTGGTAAGAGA  

Serena et al., 2010 

16SrRNA (E. coli) 586 GACCTCGGTTTAGTTCACAGA  

CACACGCTGACGCTGACCA  

Hassan et al., 2014 

 

 
Figure 2: PCR image of S. typhi, Lane L: 1000-bp DNA ladder, Lane 1 positive control, Lane 2-4 isolated S. 

typhi at 500-bp. 
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Figure 3: PCR image of E. coli, Lane L: 1000-bp DNA ladder, Lane 1 positive control, Lane 2-3 isolated E. 

coli at 586-bp. 
 

 
Figure 4: Shows S. typhi on Deoxycholate citrate agar appeared colourless with transparent black centre. 

 

 
Figure 5: Shows E. coli on Eosin Methylene blue agar appeared with greenish metallic sheen colour. 

 

  

  
Figure 6: Show images of some biochemical tests on S. typhi and E. coli 
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Figure 7: Image of some antimicrobial susceptibility pattern tests on S. typhi and E. coli 

 

a.  b.  c.  
Figure 8: Images of raw vegetables collected from the Damaturu, Potiskum and Bade (Gahu’a) markets in 

Yobe State-Nigeria. a. Tomato (Solanum lycopersicum), b. Lettuce (Lactuca sativa) and c. Carrot (Daucus 

carota) 

 

DISCUSSION  

Microorganisms often associated with 

vegetables are very large and diverse 

communities that maintain ecological balance 

in most agricultural systems (Smetanska et al., 

2013). Verraes et al., 2013 stated that 

pathogenic bacteria species, which include but 

not limited to species of Salmonella, Shigella, 

Escherichia coli, Escherichia coli, Clostridium   

botulinum, Campylobacter, Listeria 

monocytogenes and Bacillus cereus can 

contaminate vegetables. 

The main goal/aims of this study was to; 

isolate S. typhi and E. coli, characterization of 

the isolates based on gram stain and 

biochemical tests, antimicrobial resistant 

pattern of the positive isolates and molecular 

detection of the isolates associated with raw 

vegetables sold in Damaturu, Potiskum and 

Gashua (Bade) central markets in Yobe State-

Nigeria.  

S. typhi and E. coli are members of the family 

Enterobacteriaceae are gram-negative, non-

spore forming rods. Some of them are human 

and animal pathogens which produce intestinal 

infection and food poisoning. The genera of 

importance in raw vegetables disease include 

Salmonella and Escherichia (Goodbum and 

Wallace, 2013). Salmonellosis is a major 

public health concern and continues to have a 

serious economic importance in the raw 

vegetables in all countries. Broilers meat, raw 

vegetables and raw poultry products are 

considered to be a reservoir of infection to 

human where Salmonella and E. coli food 

poising in human is often associated with the 

consumption of raw vegetable (Jay et al., 2014 

and Olsen et al., 2000).  Brandl 2006, reported 

outbreaks of food borne illnesses between 

developing and developed countries. This can 

be explained due to habits of eaten raw 

vegetables. There is challenge associated with 

reporting of food borne diseases, however, 

over 1.8 million peoples, mostly children 

reported incidence in 2005 in developing 

countries (WHO, 2007). The main cause of 

diarrheal diseases cases was due to 

contaminations of raw vegetables, food and 
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water. The occurrence of the disease is no 

respecter of country’s status, for instance, in 

US, about 250-350 million individuals 

reported acute gastroenteritis each year, and 

significant number (30%) is due to foodborne 

pathogens especially S. typhi and E. coli 

(Lynch et al., 2002). Outbreaks of infectious 

diseases due to food contamination are 

common and it associated with health threat 

and economic loss. For instance, over $152 

was added to health care system of US due to 

impact of food borne infections annually 

(Scharff, 2010).  

This study was conducted to isolate the S. typhi 

and E. coli in raw vegetables in some markets 

in Yobe State. One hundred and thirty-six 

(136) positive isolates were obtained in this 

study, Fig. 1 reveals that in Damaturu market 

S. typhi were high in lettuce 47.1%, tomato 

41.7% and carrot 37.5% while the E. coli has 

highest percentage on carrot 62.5%, tomato 

58.3% and lettuce 52.9%. In Potiskum market, 

S. typhi occur higher on lettuce 57.7%, carrot 

56.3% and tomato 42.9% while E. coli has high 

percentage on tomato 57.1%, carrot 43.7% and 

lettuce 42.3%. In Gashua (Bade) market, S. 

typhi has high occurrence on lettuce 54.5%, 

tomato 45.5% and carrot 40.0% while E. coli 

has highest occurrence in carrot 60.0%, tomato 

54.5% and lettuce 45.5% respectively. This 

finding was similar with previous study which 

shows the positive isolates of S. typhi that 

indicates possible contaminations of raw 

vegetables or poor handling of the vegetables 

from farm to consumers (Sheriff, Adam and 

Abdulrahman, 2021). The contamination by 

these pathogenic microorganisms reveals the 

possibility of food borne diseases and illnesses 

when one consumes the raw or partially 

prepared vegetables (Khan et al., 2014). 

Sources such as irrigation water, improper 

drainage and lack of sanitation workers 

hygiene have been identified as factors that 

could lead to vegetables contamination 

(Halablab, Sheet and Holail, 2011).  

Consequently, there is the possibility that some 

of these factors could provide possible link for 

the contamination of the surveyed vegetables. 

As true with many developing countries, 

farmers locate their farms close to rivers and 

other water bodies for easy access to water for 

their crops and as such create potential risks of 

microbial pathogens contamination on the 

vegetables grown (5). Table 1, shows the 

antibiotic sensitivity test of the resistant 

isolates (S. typhi and E. coli) in raw vegetable 

samples collected from three (3) different 

markets in Yobe State. A total of one hundred 

and thirty-six (136) were isolated, thirty-seven 

(37) resistant isolates in Damaturu, fifty-six 

(56) in Potiskum and forty-five (45) in Gashua 

markets. Table 2, shows the primers used for 

the PCR analysis to detect the resistant genes 

of S. typhi and E. coli. Fig. 2, show an agarose 

gel electrophoresis of amplified 16SrRNA 

gene for S. typhi at 500bp. Fig. 3, show an 

agarose gel electrophoresis of amplified 

16SrRNA gene for E. coli at 586bp. 

 

CONCLUSION 

The high presence of S. typhi and E. coli in raw 

vegetables indicates that these vegetables 

could be contaminated with faecal probably 

during harvesting, processing, selling and/or 

distribution under inadequate hygiene 

conditions. Therefore, thorough surveillance 

and enlighten the seller, harvesters is needed in 

order to ensure the safety and quality of these 

raw vegetables. The contamination of S. typhi 

and E. coli in raw vegetables was a result of 

poor food handling. All raw vegetables 

consumers of young and old are exposed to 

these potential health hazards. Proper 

temperature control and shorter storage period 

of fresh vegetables are encouraged. 
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