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ABSTRACT

This investigation aimed to evaluate the antibiotic susceptibility profiles of Salmonella species and Escherichia coli
isolated from 100 garden egg samples obtained from diverse vendors in Abakaliki. Samples were transported to
the Department of Applied Microbiology Laboratory, Ebonyi State University, Abakaliki, for analysis. Organisms
were isolated and identified using standard microbiological techniques, while their antibiotic susceptibility was
assessed through the disc diffusion method. Results indicated a prevalence of 60% for Salmonella species and 80%
for E. coli among the analyzed samples. The antibiotic susceptibility testing unveiled alarming resistance patterns:
Salmonella species displayed complete resistance (100%) to meropenem, perfloxacin, colistin, aztreonam,
neomycin, gentamycin, ciprofloxacin, chloramphenicol, and ofloxacin, with only 16.67% susceptibility to
streptomycin. Similarly, E. coli isolates exhibited 87.5% susceptibility solely to ofloxacin and 12.5% to
chloramphenicol, while showcasing absolute resistance (100%) to other antibiotics tested. This study underscores
the role of garden egg sales and consumption in facilitating the widespread dissemination of multi-drug resistant
bacterial pathogens within the region. It emphasizes the urgent need for stringent adherence to hygienic practices
among garden egg and other fruit vendors as a crucial preventive measure to curb this escalating threat.
Keywords: Garden eggs, Salmonella species, E. coli, antibiotic resistance.

INTRODUCTION
Garden egg (Solanum melongena) also called African eggplant is one of the fruits widely consumed both in the rural
and urban areas in Nigeria [[1-47]. Foods enriched with fresh fruits and vegetables, including garden egg, are vital
to human health due to their nutritional values and ability to reduce risk of illnesses [5-67. Fruits and vegetables
are rich source of vitamins and minerals required by the human body for nourishment, growth and metabolism [7-
87. Fruits and vegetables are products of agriculture which are readily obtained from different markets across the
country. Most are eaten raw with little or no processing while some are processed by slicing [9-107]. Fruit
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vending is very common probably due to modern lifestyle, industrialization, economic downturn and lack of time
to prepare proper meal [11-1387. Thus, there is little information on the incidence of food borne diseases as related
to street vending fruits [14-167. Unrelated factors such as resident micro-flora in the soil, nonresident micro-flora
via animal manures, sewage or irrigation water, transportation and handling by individual retailers have resulted
in differences in microbial profiles of various fruits and vegetables [17-197. For instance, in developing countries
such as Nigeria, continued use of untreated waste-water for irrigation farming and manure as fertilizers for the
production of fruits and vegetables is a major contributing factor to contaminations [20-257. In spite of the health
and nutritional values of fruits and vegetables, association of human infections with the consumption of fresh or
minimally processed ones have increased in recent years [26-287. According to [29-327] enteric pathogens such as
Escherichia coli and Salmonella are among the greatest concerns during food-related outbreaks. Several cases of
typhoid fever outbreak have been associated with eating contaminated vegetables grown in or fertilized with
contaminated soil or sewage [33-347. Bacteria such as Salmonella species, Shigella species, Listeria monocytogens,
Campylobacter species, Aeromonas species, Escherichia coli, Staphylococcus aureus, and Pseudomonas species have also
been associated with contaminated sliced fruits [85-367. Increase in the occurrence of antimicrobial resistance
bacteria in humans, animals and the environment is a major concern in both human and veterinary medicine [97]
and Infectious Diseases Report has noted that drug resistant organisms are prevalent worldwide [117. Antibiotic
resistance contaminants contaminate vegetables and fruits through several sources. For instance, manure used in
enhancing soil fertility harbours bacteria that can be carrying antibiotic resistant genes, which can be transferred
horizontally to soil bacteria [207. This in turn, can contaminate fruits and vegetables when grown. This study
therefore examined the presence and prevalence of E. coli and Salmonella species and antimicrobial in garden eggs
sold within Abakaliki metropolis and their antibiotic susceptibility profiles were investigated.

Plate 1: Photos of two varieties of garden eggs commonly consumed in Abakaliki

Sample Collection
The garden egg samples were purchased from different fruit selling points in Abakaliki International Market,
accurately labeled, and transported in sterile nylon bags and were transported to the Department of Applied
Microbiology Laboratory of Ebonyi State, University, Abakaliki for analysis.
Isolation, Characterization and Identification of Isolates
Each sample collected was aseptically swabbed with sterile swab stick moistened with sterile water. Each swab
stick used on the sample was inoculated into a sterile test tube containing 5ml of nutrient broth. The tubes were
incubated at 37°C for 18-24 hours. After incubation, the broth were agitated for proper mixing and a loopful of
each was inoculated on sterile Salmonella-shigella agar (SS-agar), macConkey agar and eosin methylene blue agar
plates by streaking method. The plates were incubated at 37°C for 18-24 hours. After the incubation, suspected
colonies of Salmonella species on SS-agar and E. coli on macConkey and eosine methylene blue agar were
subcultured on freshly prepared SS-agar, macConkey and eosine methylene blue agar to get the isolates in pure
torms. The pure culture of each isolate was asceptically transferred into nutrient agar slants was the slants were
incubated at 37°C for 18-24 hours. After incubation, the tubes were stored in the refrigerator for further
identification.
Gram Staining Reaction
This was carried out using a clean grease free slide. Colonies of the test organisms were aseptically used to make
thin smears on the glass slides using a sterile wire loop. . The smears were allowed to air dry. The smears were
heat-fixed by passing it three time through the bunsen burner flame. There were first covered with crystal violet
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and allowed to stand for 30-60 sec. After that, the stains were washed with slowly running tap water. The slides
were then covered again with lugols’ iodine, allowed to stand again for 30-60 seconds and were washed off with
slowly running tap water. The smears were rapidly decolorized with 70% alcohol until the color of the crstal violet
stoped coming out. There were washed off immediately with clean slowly running tap water. The stained slides
were counter stained with safranin for 30sec and washed off with clean tap water. The under surface was blotted
and the slides were air-dried. . A drop of immersion oil was dropped on the stained slide and examined under X40
and X100 objective lens. Page | 34
Biochemical Test
Conventional biochemical tests such as catalase test, oxidase test, indole, methyl red, Voges—Proskauer test, citrate
utilization, and coagulase and sugar fermentation tests were carried out on the bacterial isolates for further
identification [37.
Antibiotic Susceptibility Testing
The susceptibility and resistance profile of the isolates to commonly used antibiotics was determined using Kirby-
Bauer disk-diffusion technique. Young cultures (24 hours old) of the test organisms were standardized using Mac
Farland equivalents and were inoculated on the surface of aseptically prepared Mueller-Hinton agar plates using
sterile swab sticks. Commercially available antibiotics discs including: gentamycin (CN) 5pg, ciprofloxacin (CIP)
sopg, ofloxacin (OFX) 10ug, chloramphenicol (C) 15 pg, colistin (CL) 5pg, nitrofurantoin (I) 3opg,
chloramphenicol (C) (10pg), nitrofurantoin (N) 10 pg, sulphamethoxazole trimethprim (SXT) 25 ug and
azithromycin (AZ) 10pg, (Oxoid, UK), were aseptically placed onto the surfaces of the inoculated plates using a
sterile forceps. The plates were subsequently allowed to stand for 10-15 min to enable the inoculated organisms to
pre-diffuse. The plates were incubated at 37 °C for 18-24 hrs and their clear zones of inhibition were measured to
the nearest millimeters (mm) using a meter ruler. The interpretation of the measurement as sensitive or resistant
were made according to the Clinical Laboratory Standard Institute interpretation guideline for antibiotics
sensitivity [57].
RESULTS
Frequency of Occurrence of Salmonella species and E. coli in the Garden Eggs sold in Abakaliki
metropolis
The results showed that a total of 140 organisms comprising of 60(42.86%) Salmonella species and 80(57.14%) E.
coli were obtained from the 100 garden eggs analyzed.
Table 1: Frequency of isolation of Salmonella species and E. coli from Garden eggs sold within Abakaliki
metropolis

Number of Samples Number and % Numberand % of E. coli Total number of
analyzed of Salmonella spp obtained isolates obtained
obtained
100 60(42.86) 80(57.14) 140

Antibiotic Susceptibility Pattern of Salmonella species and E. coli isolated from Garden Eggs sold in
Abakaliki metropolis

The antibiotic susceptibility pattern of the organisms isolated from the garden egg samples obtained in Abakaliki
metropolis showed that the Salmonella isolates were 100 % resistant to all the antibiotics evaluated (meropenem,
perfloxacin, colistin, aztreonam, neomycin, gentamycin, ciprofloxacin, chloramphenicol and ofloxacin), except
Streptomycin to which it recorded 83.83% resistance (Table 2). Similarly, the E. coli isolates recorded 100 %
resistant to all the antibiotics except 2 (chloramphenicol and ofloxacin) to which it recorded 87.5% and 12.5%,
respectively (Table 3).
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Table 2: Antibiogram of Salmonella species Isolated from Garden Egg Sold within Abakaliki Metropolis.

S/N Antibiotics (ng) Number tested No.and % No. and %
Susceptible Resistance

1 Meropenem (20) 60 0(0.0) 60(100)

2 Perfloxacin (30) 60 0(0.0) 60(100)

3 Colistin (5) 60 0(0.0) 60(100)

4 Aztreonam (15) 60 0(0.0) 60(100)

5 Streptomycin (10) 60 10(16.67) 50(83.33)

6 Neomycin (10) 60 0(0.0) 60(100)

7 Gentamycin (15) 60 0(0.0) 60(100)

8 Ciprofloxacin (30) 60 0(0.0) 60(100)

9 Chloramphenicol (15) 60 0(0.0) 60(100)

10 Ofloxacin (20) 60 0(0.0) 60(100)

Table 3: Antibiogram of E. coli Isolated from Garden Eggs Sold within Abakaliki Metropolis
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S/N Antibiotics (ng) Number tested No. and % No. and %
Susceptible Resistance

1 Meropenem (20) 80 0(0.0) 80(100)

2 Perfloxacin (30) 80 0(0.0) 80(100)

3 Colistin (5) 80 0(0.0) 80(100)

4 Aztreonam (15) 80 0(0.0) 80(100)

5 Streptomycin (10) 80 0(0.0) 80(100)

6 Neomycin (10) 80 0(0.0) 80(100)

7 Gentamycin (15) 80 0(0.0) 80(100)

8 Ciprofloxacin (80) 80 0(0.0) 80(100)

9 Chloramphenicol (15) 80 10(12.5) 70(87.5)

10 Ofloxacin (20) 80 70(12.5) 10(12.5)

DISCUSSION

Much importance has been attached to the consumption of fruits and vegetables; which has perhaps led to an
increase in microbial infections associated with fresh fruits and vegetables consumption [127]. Several occurrences
of severe bacterial infections have often been linked to the members of the Enterobacteriaceae [1387. In this study,
E. coli and Salmonella species were isolated from garden eggs sold in Abakaliki metropolis in Ebonyi State of
Nigeria. The occurrence of these enteropathogens in fresh garden eggs which are eaten raw is of public health
concern. Outbreak of diseases involving Salmonella spp. have been reported globally [187. In particular, the
presence of E. colz in ready-to-eat foods like garden egg is an indication of faecal contamination of such foods [147].
The presence of these organisms therefore indicates poor hygienic handling of the fruits in the study area. There
are several handling steps that may expose the fruits to contamination by E. coli and Salmonella species —
cultivation, harvesting, transporting, packaging, storage and selling to the final consumers [167]. The sources of
faecal contamination to fruits and vegetables might be mostly from the irrigation water contaminated with faecal
materials from abattoirs, pit latrine and human wastes [187]. Other sources of contamination could be the soil,
improperly composted manure, wastewater, wild and domestic animal wastes human handling, harvesting
equipment, transport vehicles, improper packaging and cross contamination [20,287. The study revealed higher
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occurrence of E. coli (57.14%) than Salmonella species (42.86%) in the fruits. This agreed with earlier reports by
[97] who reported higher prevalence of E. coli (30.28%) than Salmonella species (11.63%) in garden egg. It is also in
accordance with the work of [57] who reported that Escherichia coli as one of the most dominant microorganisms in
fresh fruits and vegetables. The susceptibility and resistance profile of the Salmonella species and E. coli obtained
in this study showed that only 16.67% of Salmonella species were susceptible to only one (i.e. streptomycin) out of
ten antibiotics tested. The isolates were totally (100%) resistant to all other antibiotics used. Similarly, the E. colz
were significantly (87.5%) susceptible to only one of the ten antibiotics (ofloxacin). They were 100% resistant to
every other antibiotic used except chloramphenicol to which they were only 12.5% susceptible. This shows that
the organisms are multi-drug resistant. The occurrence of multidrug resistant enteropathogens in this widely
consumed ready-to-eat fruit is a serious public health issue. [67] also reported a high occurrence (42.1%) of
multidrug resistant Enterobacteriaceae in ready-to-eat fruits and vegetables. The multidrug resistant organisms
may have been introduced during the application of animal manure in farms as antibiotics used to treat human
infections are now routinely used to treat infections in animals [107. This study has implicated ready-to-eat fruits
and vegetables in the spread of multidrug resistant pathogens.
CONCLUSION
The report of high occurrence and level of multidrug resistance of Salmonella and E. coli isolated from garden eggs
in the study area is of serious concern that needs urgent attention. It indicates that antibiotic resistance of bacteria
are no longer limited to the clinical settings but also in foods especially fruits and vegetables. It also revealed the
ability of raw garden eggs in spreading antibiotics resistance organisms to humans and the environment at large.
Also, consumption of such garden eggs could potentially transfer antibiotics resistance genes to gut
microorganisms causing serious infections, hence, making treatment options for such infections difficult.
According to [87, high concentration of sodium chloride solution or chlorinated water remove most pathogens on
the surfaces of fresh produce. It is therefore recommended that the outer surfaces of fresh fruits and vegetables
should be properly washed with high concentration of sodium chloride or chlorinated water before consumption to
help minimize the risks of food borne infections.
REFERENCES

1. Afolabi, O. R, Oloyede, A. R. (2010a). Effectiveness of chlorinated water, sodium hypochlorite, sodium
chloride and sterile distilled water in killing pathogenic bacteria on fresh produce. Journal of Science and
Sustainable Development. 3(1):29- 35.

2. Afolabi, O. R,, Oloyede, A. R. and Ibrahim, T. A. (2011). Evaluation of pathogenic bacteria associated with
fresh produce obtained from selected markets in Abeokuta. Journal of Science & Sustainable Development
4:75-81.

3. Afolabi, O. R, Oloyede, A. R. and Ibrahim, T. A. (2011). Evaluation of pathogenic bacteria associated with
fresh produce obtained from selected markets in Abeokuta. Journal of Science and Sustainable Development,
4:75 — 81.

4. Ajao, O., Nwose, A. M,, Olateru, C. T., Onifade, D. A., Abdulfatai, A. I., Bolarinwa, O. O. and Morakinyo,
Y. M. (2022). Microbiology spectrum and antibiotic susceptibility of bacterial pathogen from ready-to-eat
sliced pineapple and water melon. African Journal of Microbiology, 16(10):309-314..

5. Al-Rharousi, Z. S., Guizani, N., Al-Sadi, A. M., Bulushi, I. M. and Shaharoona, B. (2016). Hiding in fruits
and vegetables: opportunistic pathogens may cross geographical barriers. International Journal of
Microbiology, 2016: 1 — 14.

6. Altekruse, S. F. and Swerdlow, D. L. (1996). The Changing Epidemiology of Foodborne Diseases. The
American Journal of the Medical Sciences, 811(1): 23-29.

7. Amoah, P., Drechsel, P., Abaidoo, R. C and Abraham, E. M. (2009): Improving food hygiene in Africa
where vegetables are irrigated with polluted water. Regional Sanitation and Hygiene Symposium, 21: 3-5.

8. Araujo, S, Silva, I. A,, Tacdo, M., Patinha, C., Alves, A., and Henriques, I. (2017). Characterization of
antibiotic resistant and pathogenic Escherichia coli in irrigation water and vegetables in household farms.
International journal of food microbiology, 257: 192-200.

9. Asmaru, G. and Samuel, S. (2018). Microbial Spectrum of fruit in Gondar town main markets, North
Western Ethiopia. Journal of Microbiology Research, 3(1):1-10.

10. Beuchat, L. R. (1996). Pathogenic microorganisms associated with fresh produce. Journal of Food
Protection. 59(2): 204 — 216.

11. Beuchat, L. R. (2002). Ecological factors influencing survival and growth of human pathogens on raw
fruits and vegetables. Microbes Infection 4:413-423.

©Afiukwa et al., 2023
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http:/ / creativecommons.org/licenses /by /4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Page | 36


http://creativecommons.org/licenses/by/4.0)
http://creativecommons.org/licenses/by/4.0)
https://www.sciencedirect.com/journal/the-american-journal-of-the-medical-sciences
https://www.sciencedirect.com/journal/the-american-journal-of-the-medical-sciences
https://www.sciencedirect.com/journal/the-american-journal-of-the-medical-sciences/vol/311/issue/1

OPEN ACCESS

©NIBAS ONLINE ISSN: 2992-5797
Publications 2023 PRINT ISSN: 2992-6122
12. Beuchat, L. R. and Ryu, J. H. (1997). Produce handling and processing practices. Emerging Infectious

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

Diseases, 3(4):459 — 465.

Bitew, A. and Tsige, E (2020). High prevalence of multidrug-resistant and extended-spectrum beta-
lactamase-producing Enterobacteriaceae: a cross-sectional study at Arsho Advanced Medical Laboratory,
Addis Ababa, Ethiopia. Journal of Tropical Medicine, 2020: 1 — 1.

Buck, J. W., Walcott, R. R. and Beuchat, L. R. (2003). Recent trends in microbiological safety of fruits and
vegetables. Plant Health Progress, 10: 1094.

Callejon, R. M., Rodriguez-Naranjo, M. 1., Ubeda, C., Hornedo-Ortega, R., Garcia-Parrilla, M. C. and
Troncoso, A. M. (2015). Reported foodborne outbreaks due to fresh produce in the United States and
European Union: trends and causes. Foodborne Pathogens and Diseases, 12(1):32-8.

Chen, Z., Kang, J., Zhang, Y., Yi, X, Pang, X, Li-Byarlay, H. and Gao, X. (2020). Difterences in the
bacterial profiles and physicochemical between natural and inoculated fermentation of vegetables from
Shanxi Province. Annals of Microbiology, 70: 66.

Eni, A. O., Oluwawemitan, I. A. and Oranusi, U. S. (2010). Microbial quality of fruits and vegetables sold
in Sango Ota, Nigeria. African Journal of Food Science, 4(5):291-296.

Erhirhie, E. O., Omoirri, M. A., Chikodiri, S. C.,, Ujam, T. N., Emmanuel. K. E. and Oseyomon, J. O.
(2020). Microbial Quality of Fruits and Vegetables in Nigeria: A Review. International Journal of Nutrition
Sciences, 5(3):2-11.

FDA (1998). Guide to minimise the microbial food safety hazards for fresh fruits and vegetables.
Guidance for Industry Center for Food Safety and Applied Nutrition. FDA, Washington DC 20204.
Fowoyo, P. T. (2012). Microbiological Assessment of Air contamination of vended fruits sold in the main
markets in Lokoja, Kogi state Nigeria. Research Journal of Biological Sciences, 7(9-12):355-360.

Horna, J. D., Timpo, S. and Gruere, G. (2007). Marketing underutilized crops for biodiversity: The case of
the African garden egg (Solanum aethiopicum) in Ghana. Global Facilitation Unit for Underutilized
Species, Rome, Italy.

Jibola-Shittu, M. Y., Badaki, J., Adown, M. I. and Odewale, G. (2023). Antibiotic resistance: Detection of
extended-spectrum beta-lactamase in Enterobacteriaceae from garden eggs. Microbes and Infectious
Diseases, 4(3):960-967.

Mritunjay, S. K. and Kumar, V. (2015). Fresh farm produce as a source of pathogens: A review. Research
Journal of Environmental Toxicology, 9(2):59-70.

Nwachukwu, E. and Osuocha, H.U. (2014). Microbiological Assessment of Ready-to-Eat Sliced Pawpaw
(Carica papaya) and Watermelon (Citrullus lanatus) Vended in Umuahia, Nigeria. International Journal of
Current Microbiology and Applied Sciences, 3(6): 910-916.

Oje, O.J,, Ajibade, V. A, Fajilade, O. T. and Ajenifuja, O. A. (2018). Microbiological analysis of ready-To-
eat (RTE) foods vended in mobile outlet catering units from Nigeria. JAFSAT, 5(1): 15- 19.

Oluwatoyin, A., Adejare, O., Wasiu, A. and Adeola, A. (2015). Microbial Safety of polyethylene packaged
sliced fruits sold in Abekuta, South-West Nigeria. Journal of Natural Science Research, 5(13):16- 21.

Pal, M. and Molnar J. (2021). Growing Importance of Fruits and Vegetables in Human Health.
International Journal of Food Science and Agriculture, 5(4): 567-569.

Popa, G. L. and Papa, M. 1. (2021). Salmonella spp. infection - a continuous threat worldwide. Germs,
11(1): 88-96.

Popa, G. L. and Papa, M. 1. (2021). Salmonella spp. infection - a continuous threat worldwide. Germs,
11(1): 88-96.

Ramya, V. and Priya, P. (2019). Health benefits of vegetables. International Journal of Chemical Studies,
7(2): 82-87.

Shenge, K. C., Whong, C. M., Yakubu, L. L., Omolehin, R. A., Erbaugh, J. M., Miller, S. A. and LeJeune, J.
T. (2015). Contamination of tomatoes with coliforms and Escherichia coli on farms and in markets of
northwest Nigeria. Journal of Food Protection, 78(1):57-64.

Shrestha, S., Shrestha, S., Shindo, J., Sherchand, J. B. and Haramoto, E. (2018). Virological quality of
irrigation water sources and pepper mild mottle virus and tobacco mosaic virus as index of pathogenic
virus contamination level. Food and Environmental Virology, 10: 107—120.

Thompson, S. and Powell, D. A. (2000). Risks associated with the consumption of fresh sprouts. Food
safety Network Technical Report, July 16, 2000.

Threfall, E. J.,, Ward, L. R, Frost, J. A. and Willshaw, G. A. (2000). The emergence and spread of
antibiotic resistance in foodborne bacteria. International Journal of Food Microbiology, 62:1-5.

©Afiukwa et al., 2023

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http:/ / creativecommons.org/licenses /by /4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Page | 37


http://creativecommons.org/licenses/by/4.0)
http://creativecommons.org/licenses/by/4.0)
https://annalsmicrobiology.biomedcentral.com/articles/10.1186/s13213-020-01605-5#auth-Xinxin-Yi-Aff1
https://annalsmicrobiology.biomedcentral.com/articles/10.1186/s13213-020-01605-5#auth-Xiaona-Pang-Aff1
https://annalsmicrobiology.biomedcentral.com/articles/10.1186/s13213-020-01605-5#auth-Hongmei-Li_Byarlay-Aff3
https://annalsmicrobiology.biomedcentral.com/articles/10.1186/s13213-020-01605-5#auth-Xiuzhi-Gao-Aff1
https://link.springer.com/article/10.1007/s12560-017-9324-2#auth-Jeevan_B_-Sherchand-Aff2
https://link.springer.com/article/10.1007/s12560-017-9324-2#auth-Eiji-Haramoto-Aff1

OPEN ACCESS
©ONIJBAS ONLINE ISSN: 2992-5797
Publications 2023 PRINT ISSN: 2992-6122

35. WHO (2023). Increasing fruit and vegetable consumption to reduce the risk of noncommunicable
diseases. https://www.who.int/tools/elena/interventions/fruit-vegetables-ncds.

36. World Health Organization (WHO) (2000). Overcoming antimicrobial resistance world health report on
infectious diseases. http://www.who.int/infectious-disease-report/2000/indexrpt2000_text.html.

Page | 38

CITE AS: Afiukwa Felicitas N., Agwu Samuel C. and Ugwu Okechukwu P.C. (2023). Antibiotic Resistance
Profiles of Salmonella and Escherichia coli Isolates Obtained from Garden Eggs Sold in Abakaliki
Metropolis: Insights into Susceptibility Patterns. NEWPORT INTERNATIONAL JOURNAL OF
BIOLOGICAL AND APPLIED SCIENCES 4 (1):82-38. https://doi.org/10.59298/NIJBAS/2023/1.5.11111

©Afiukwa et al., 2023
This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http:/ / creativecommons.org/licenses /by /4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by/4.0)
http://creativecommons.org/licenses/by/4.0)
https://www.who.int/tools/elena/interventions/fruit-vegetables-ncds
http://www.who.int/infectious-disease-report/2000/indexrpt2000_text.html
https://doi.org/10.59298/NIJBAS/2023/1.5.11111

