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HIGHLIGHTS 

 Various microbial contaminations were found in all samples of the vegetables obtained from Porto-Novo, Republic of 
Benin. 

 Salmonella spp. was absent in all samples of vegetables. 

 The microbial quality of leafy vegetables at Porto-Novo must be improved for reduction of health risk to consumers. 

 

ABSTRACT 

Background: The vegetables provide important nutrients to human beings. Nevertheless, 

contaminated vegetables can cause health problems because of their microbial load. The 

aim of this study was to assess the microbial quality of three main leafy vegetables  

cultivated and consumed at Porto-Novo in Republic of Benin. 

Methods: Totally, 36 samples of amaranth, nightshade, and lettuce were taken from three 

districts of Porto-Novo at urban gardening level. The samples were tested microbiologi-

cally according to international standards for determination of aerobic mesophilic  

bacteria, total coliforms, faecal coliforms, Clostridium perfringens, faecal streptococci, 

and Salmonella spp. The results were analyzed using SPSS software v. 16.0. 

Results: In total, aerobic mesophilic bacteria counts in leafy vegetables ranged from 

4.42×10
5
 to 1.08×10

6 
Colony Forming Unit (CFU)/g. The highest and lowest total  

coliform loads were found in lettuces (3.21×10
3 

CFU/g) and the nightshades (1.78×10
2 

CFU/g), showing significant (p<0.05) difference. Faecal streptococci load ranged from 

1.01×10
3
 to 3.18×10

3
 CFU/g

 
and was significantly (p˂0.05) higher in amaranths than in 

lettuces and nightshades. C. perfringens ranged from 0.633×10
1
 to 1.18×10

1
 CFU/g.  

Salmonella spp. was absent in all vegetables.   

Conclusion: High microbial contaminations were found in the three leafy vegetables in 

urban gardening at Porto-Novo, Benin. So, it is necessary to improve the microbial quali-

ty of leafy vegetables farmed at Porto-Novo for reduction of health risk in consumers. 

© 2019, Shahid Sadoughi University of Medical Sciences. This is an open access article 

under the Creative Commons Attribution 4.0 International License. 

 

Introduction 

   Vegetables and fruits are important components of the 

human healthy diet and provide fiber, minerals, and vit-

amins which help to prevent certain disorders and malnu- 
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trition (Nesamvuni et al., 2001; Olson et al., 2011; Steyn 

et al., 2001). In the same way, leafy vegetables play an 

important role in the diets of all populations in the world,
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particularly in Africa, Asia, and Oceania where they  

provide essential part of nutritional and medicinal needs 

(Andres and Lebailly, 2011).  

   A problem to these potential health benefits is that raw 

leafy vegetables may transmit some pathogenic microor-

ganisms which could result in microbial outbreaks. The 

vegetables may be contaminated during any one of the 

stages of production and therefore resulted in sicknesses 

and outbreaks after their consumption (Beuchat, 2002; 

Hou et al., 2013; Lewis Ivey et al., 2012; Park et al., 

2012). In this context, knowledge of the microbial quality 

of leafy vegetables is necessary. Thus, the purpose of this 

study was to evaluate the presence of microbes such as 

aerobic mesophilic bacteria, total coliforms, faecal  

coliforms, Clostridium perfringens, faecal streptococci, 

and Salmonella spp. in some green leafy vegetables in 

Porto-Novo, Republic of Benin. 

Materials and methods 

Sampling 

   The study was conducted in the city of Porto-Novo, the 

capital of the Republic of Benin in West Africa. Porto-

Novo is located at 6°29’50’’ North and 2°36’18’’ East. 

The area of Porto-Novo is 110 km², about 1.08% of the 

national territory area.   

   Totally, 36 green leafy vegetable samples, including 

amaranth (Amarantus cruentus), nightshade (Solanum 

macrocarpon), and lettuce (Lactuva sativa) were ran-

domly collected during March 2018. The mature leaves 

were taken from the stems, put in sterile packs, transport-

ed to the laboratory, washed, drained, and analyzed. For 

microbiological parameters, 12 samples of each vegeta-

ble were taken from three districts of Porto-Novo 

(Ouando, Akron and Akonaboè) at production level with 

4 samples per district. Floristic keys were used at the 

National Herbarium of University of Abomey-Calavi in 

Benin for determining of each variety. 

Preparation of samples 

   At laboratory level, 10 g of sample were taken and 

introduced into the stomacher bag. Ninety ml of Tryptone 

Salt (TS BK014HA; Biokar Diagnostics, France) were 

added and homogenized with stomacher for 2 min. The 

obtained solution was left for 15 min to ensure the  

revivification of germs stressed by homogenization.  

Aerobic mesophilic bacteria 

   For enumeration of aerobic mesophilic bacteria, 1 ml 

homogenized sample was diluted aseptically and serially 

(10
-1

-10
-5

), and then, introduced into the petri dishes. 

Fifteen to 20 ml of Plat Count Agar (PCA Lab  149;  Lab 

M Limited, 1 Quest Park, UK) were added (ISO 4833-1, 

2013). The whole solution was homogenized  

by circular movements and incubated at 30 °C for 72±3 

h. 

Total coliforms   

   In order to count the total coliforms, 1 ml of each  

appropriate dilution (10
-1

-10
-2

) was inoculated into the 

petri dishes based on ISO 4832 (2006). Fifteen to 20 ml 

of Crystal Violet Neutral Red Bile Lactose agar (VRBL,  

BK 152 HA; Biokar Diagnostics F60000 Beauvais, 

France) were added. After solidification, a second layer 

of VRBL agar was added and incubated at 30 °C for 24 

h.  

Faecal coliforms 

   For the faecal coliforms enumeration, 1 ml of each 

appropriate dilution (10
-1

-10
-2

) was added into the petri 

dishes. After solidification, a second layer of VRBL agar 

was added and incubated at 44 °C for 24 h. 

 Faecal streptococci 

   One ml of each appropriate dilution (10
-1

-10
-2

) was 

inoculated into the petri dishes. Fifteen to 20 ml of Bile 

Esculin Azide agar (BEA; Scharlau 01-265 Scharlau 

Chemie, Barcelona, Spain) was added. The whole  

solution was homogenized by circular movements. After 

solidification, a second layer of 5 ml of the same BEA 

agar was added. The dishes were then incubated at 37 °C 

for 48 h. 

Clostridium perfringens 

   The enumeration of C. perfringens was carried out in 

accordance with ISO 15213 (2003). One ml of each  

appropriate dilution (10
-1

-10
-2
) was added into the test 

tubes. Fifteen to 20 ml of Tryptone Sulfite Neomycin 

agar (TSN, Scharlau, 01-195; Scharlau Chemie,  

Barcelona, Spain) was added. The whole solution was 

homogenized by the vortex shaker. After solidification, a 

second 5 ml layer of TSN agar was added to create the 

anaerobiosis, and the tubes were incubated at 37 °C for 

24 h. 

Detection of Salmonella spp. 

   For detection of Salmonella spp., 25 g of each sample 

was taken, put into the stomacher bag, and then 225 ml of 

buffered peptone water (EPT, M614, HiMedia Laborato-

ries Pvt, Ltd, India) was added (ISO 6579, 2017). The 

obtained solution was incubated for 24 h at 37 °C. Two 

ml of the pre-enrichment solution were collected and 

added separately into two test tubes containing  18  ml  of
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tetrathionate (Oxoid, Basingstoke, England) and 18 ml of 

cystine selenite (LABM, LAB 55A, International Diag-

nostics Group plc, England). The tubes were homoge-

nized with a vortex mixer and incubated for 24 h at 37 

°C. The cultures in tetrathionate and selenite cystine con-

taining tubes were then seeded separately in sterile dishes 

containing the Hektoen agar medium (BK 067HA, 

Biokar Diagnostics F60000 Beauvais, France). The seed-

ed media were incubated at 37 °C for 24 h. Characteristic 

colonies were identified using the API 20E system 

(bioMérieux, France). After 24 h of incubation at 37 °C, 

the strips were read according to manufacturer procedure. 

Statistical analysis  

   Statistical analysis was done by ANOVA using SPSS 

software (v. 16.0). The criterion for significance was set 

at p˂0.05. 

Results 

   In total, aerobic mesophilic bacteria counts ranged from 

4.42×10
5
 to 1.08×10

6 
Colony Forming Unit (CFU)/g in 

vegetables. The highest and lowest total coliform loads 

were found in lettuces (3.21×10
3 
CFU/g) and nightshades 

(1.78×10
2 

CFU/g), respectively, having significant  

difference (p<0.05). The comparison of faecal coliforms 

in the vegetables showed that amaranths and lettuces 

harbored significantly (p˂0.05) higher faecal coliforms 

than nightshades.  

   Faecal streptococci load ranged from 1.01×10
3
 to 

3.18×10
3
 CFU/g

 
and was significantly (p˂0.05) higher  

in amaranths than in lettuces and nightshades.  

C. perfringens ranged from 0.633×10
1
 to 1.18×10

1
 

CFU/g
 

with the contamination significantly (p˂0.05) 

lower in amaranths and nightshades than in lettuces.  

Salmonella spp. was absent in all vegetables.   

   There was some significant (p˂0.05) difference in  

microbial contamination of vegetables collected from 

three sampling area, including Ouando, Akron, and 

Akonaboè (Tables 1-3).  

Discussion 

   In the present survey, we found considerable microbial 

contamination in all green leafy vegetable samples from 

Benin. Aerobic mesophilic bacteria are indicator showing 

that the samples have encountered favorable conditions 

for the multiplication of microbes (Aycicek et al., 2006). 

The results of aerobic mesophilic bacteria in our vegeta-

ble samples from Benin are compared to those reported 

by Kłapeć et al. (2016) in Poland (1.87×10
5 

CFU/g), 

Maffei  et al.  (2013)  in  Brazil  (10
6
 to 10

7 
CFU/g),  and 

Tango et al. (2014) in Korea (1.91×10
4
 to 0.23×10

6
 

CFU/g).  

   Total coliforms are used as indicators for the assess-

ment of the hygienic conditions present in the production 

environments found in soil, vegetables, and in the bowels 

of warm-blooded animals (Nousiainen et al., 2016). Park 

et al. (2006) demonstrated that the detection of faecal 

coliforms is more appropriate rather than total coliforms 

for faecal pollution monitoring. Atindegla et al. (2016) 

reported faecal coliforms contamination (10
8
±1.23×10

6
 to 

10
10

±1.62×10
5
 CFU/g) in carrot, eggplant, and tomato 

from Southern Benin which was very higher than those 

found in our results. These authors mentioned that such 

high faecal coliforms contamination in the vegetable 

samples was due to using poultry manure in gardening 

sites.  

   Besides, manure is an important source of Salmonella 

spp. contamination in the vegetable samples. Similar with 

the present work, Kłapeć et al. (2016) found no  

Salmonella spp. in vegetables from Eastern Poland.  

Controversially, prevalence rate of Salmonella spp. in 

vegetables examined in Mexico was as high as 98% 

(Quiroz-Santiago et al., 2009). Salmonella spp. is  

facultative anaerobic, Gram-negative bacteria of the 

Enterobacteriaceae family with about 2500 known sero-

types. Salmonella spp. can survive from several weeks to 

even two years in manure (Franz et al., 2005; Jiang et al., 

2002). There are various sources of microbial contamina-

tion of leafy vegetables. At Porto-Novo in Benin, the 

water and the manure could be the main sources of  

contamination. According to Hougbenou algnuoH et al. 

(2019), the manure used by market gardeners in Porto-

Novo is from chicken (83.28%), rabbit (18.84%), pig 

(9.12%) and compost (38.30%). The source of water used 

in market gardening is swamp (79.89%), well (11.37%), 

borehole (6.41%), and fish breeding (2.33%). Thus, it is 

important to prevent contamination of vegetables with 

animal manure source in farm, or during processing and 

packaging of the fresh products. 

   C. perfringens count (0.633×10
1
 to 1.18×10

1
 CFU/g) in 

our vegetables was higher than those indicated in Zambia 

(Nguz et al., 2005) and in Eastern Poland (Kłapeć et al., 

2016) where the C. perfringens contamination was rare in 

vegetable samples. C. perfringens is an inhabitant of 

environmental components, food, human, and animal 

bowels. So, detection of C. perfringens in vegetable sam-

ples of the current survey showed that there was possible 

risk of the disease in the local consumers in Benin.  

   Many pathogenic microorganisms can continue to live 

in the soil or on the surface of crops long enough to be 

transmitted to humans. The ability of microorganisms to 

persist for extend period depends of many factors, includ-

ing structure and nature of soil, hygrometry, temperature,

  

 [
 D

O
I:

 1
0.

18
50

2/
jf

qh
c.

6.
4.

19
95

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
25

-1
0-

17
 ]

 

                               3 / 6

http://dx.doi.org/10.18502/jfqhc.6.4.1995
https://jfqhc.ssu.ac.ir/article-1-634-en.html


Hougbenou Houngla et al.: Microbial Contamination of Leafy Vegetables in Benin 

 

171 
Journal website: http://www.jfqhc.com 

 

 

light, plant nature, and competition with natural plants 

and animals (ffLL and refFfF, 2013). Considering high 

contamination found in our study, some measures should 

be taken to prevent the risk of illnesses due to the poor 

microbial quality of green leafy vegetable at Porto-Novo, 

Benin. In this regards, it has been shown that establish-

ment of  Hazard  Analysis  and  Critical   Control   Points 

(HACCP) on the vegetable farms could be too effective 

for reduction of microbial risks of fresh‐cut produces 

(Mei Soon et al., 2012). On the other hand, it is obvious 

that contaminated water is a critical source of microbial 

contamination of vegetables. So, disinfecting of irrigation 

water used for primary production of vegetables in farms 

should be highlighted (Uyttendaele et al., 2015).     

 

 
 

 
Table 1: Microbial load (colony forming unit/g) in amaranth in different districts Porto-Novo, Republic of Benin 

 Ouando   Akron   Akonaboè   

Aerobic mesophilic bacteria 1.78×10
6
  2.05×10

5
±2.52×10

4
 1.53×10

5
±2.22×10

4
 

Total coliforms 1.43×10
2
  1.35×10

2
±1.9×10

1
 4.15×10

3
±2.08×10

2
 

Faecal coliforms 2.75×10
1
  6.00±3.37 2.18×10

3
±2.98×10

2
 

Faecal streptococci 6.98×10
2
  2.03×10

3
±1.71×10

2
 6.83×10

3
±3.86×10

2
 

Clostridium perfringens 0.075×10
1
 0.575×10

1
 1.25×10

1
  

Salmonella  ND ND ND 

ND: Not Detected  

 
 

 
 

 

 
Table 2: Microbial load (colony forming unit/g) in lettuces in different districts Porto-Novo, Republic of Benin 

 Ouando Akron Akonaboè 

Aerobic mesophilic bacteria 4.23×10
5
 4.00×10

5
 5.03×10

5
±4.35×10

4
 

Total coliforms 3.20×10
3
 2.50×10

3
 3.93×10

3
±6.65×10

2
 

Faecal coliforms 1.60×10
2
 1.40×10

2
 3.10×10

2
±2.16×10

1
 

Faecal streptococci 2.23×10
3
 1.08×10

3
 1.65×10

2
±1.29×10

1
 

Clostridium perfringens 1.8×10
1
 0.95×10

1
 0.775×10

1
 

Salmonella  ND ND ND 

ND: Not Detected  

 

 

 
 

Table 3: Microbial load (colony forming unit/g) in nightshades in different districts Porto-Novo, Republic of Benin 

 Ouando Akron Akonaboè 

Aerobic mesophilic bacteria 2.55×10
6
 2.63×10

5
  4.20×10

5
  

Total coliforms 8.83×10
1
 1.55×10

2
  2.90×10

2
 

Faecal coliforms 2.85×10
1
 1.4×10

1
  1.98×10

1
  

Faecal streptococci 5.08×10
2
 2.38×10

3
  1.53×10

2
 

Clostridium perfringens 0.925×10
1
 0.55×10

1
 0.625×10

1
 

Salmonella  ND ND ND 

ND: Not Detected  

 
 

 
 

Conclusion 

   High microbial contaminations were found in the three 

leafy vegetables in urban gardening at Porto-Novo,  

Benin. Therefore, it is necessary to improve the microbial 

quality  of  leafy  vegetables  farmed  at  Porto-Novo   for  

 

 

 

 

reduction of health risk in the consumers. In this regard, 

extensive researches about microbial quality of leafy 

vegetables, appropriate agricultural practices, and also  

education/training of urban gardeners are  recommended.   

 [
 D

O
I:

 1
0.

18
50

2/
jf

qh
c.

6.
4.

19
95

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
25

-1
0-

17
 ]

 

                               4 / 6

http://dx.doi.org/10.18502/jfqhc.6.4.1995
https://jfqhc.ssu.ac.ir/article-1-634-en.html


Journal of Food Quality and Hazards Control 6 (2019) 168-173 

 

Journal website: http://www.jfqhc.com 

 

 

172 

Author contributions 

   E.J.H.H. and A.G. designed the study; E.J.H.H. and 

C.D.T.H. conducted the experimental work and analyzed 

the data; E.J.H.H., A.G., and C.D.T.H. wrote the  

manuscript. All authors read and approved the revised 

manuscript.  

Conflicts of interest 

   All the authors indicated that there is no conflict of 

interest in this research. 

Acknowledgements 

   The authors acknowledge the Laboratory of Microbiol-

ogy of the Direction de l’Alimentation et de la Nutrition 

Appliquée (Bénin) for the funding and other supports 

throughout the experimental period. The authors also 

thank all the individuals who were indirectly associated 

with this research. 

References 

Andres L., Lebailly P. (2011). Peri-urban agriculture: the case of 

market gardening in Niamey, Niger. African Review of  

Economics and Finance. 3: 69-85. 

Atindegla S.C., Huat J., Agbossou E.K., Saint-Macary H., Glèlè 

Kakai R. (2016). Vegetable contamination by the fecal  

bacteria of poultry manure: case study of gardening sites in 

Southern Benin. International Journal of Food Science. [DOI: 

10.1155/2016/4767453] 

Aycicek H., Oguz U., Karci K. (2006). Determination of total  

aerobic and indicator bacteria on some raw eaten vegetables 

from wholesalers in Ankara, Turkey. International Journal of 

Hygiene and Environmental Health. 209: 197-201. [DOI: 

10.1016/j.ijheh.2005.07.006] 

Beuchat L.R. (2002). Ecological factors influencing survival and 

growth of human pathogens on raw fruits and vegetables.  

Microbes and Infection. 4: 413-423. [DOI: 10.1016/S1286-

4579(02)01555-1] 

Franz E., van Diepeningen A.D., de Vos O.J., van Bruggen A.H.C. 

(2005). Effects of cattle feeding regimen and soil management 

type on the fate of Escherichia coli O157:H7 and Salmonella 

enterica serovar Typhimurium in manure, manure-amended 

soil, and lettuce. Applied and Environmental Microbiology. 

71: 6165-6174. [DOI: 10.1128/AEM.71.10.6165-6174.2005] 

Hou Z., Fink R.C., Radtke C., Sadowsky M.J., Diez-Gonzalez F. 

(2013). Incidence of naturally internalized bacteria in lettuce 

leaves. International Journal of Food Microbiology. 162: 260-

265. [DOI: 10.1016/j.ijfoodmicro.2013.01.027] 

Hougbenou Houngla E.J., Tossougbo Hinson C.D., Gbankoto A., 

Anani B.L.C. (2019). Characteristics of urban market  

gardening in Porto-Novo, Republic of Benin, West Africa.  

International Journal of Agricultural Science. 4: 66-76.   

International Organization for Standardization (ISO). (2003).  

Microbiology of food and animal feeding stuffs-Horizontal 

method for the enumeration of sulfite-reducing bacteria  

growing under anaerobic conditions. ISO 15213.  

International Organization for Standardization (ISO). (2006).  

Microbiology of food and animal feeding stuffs-Horizontal 

method for the enumeration of coliforms-Colony-count  

technique. ISO 4832.  

International Organization for Standardization (ISO). (2013).  

Microbiology of the food chain-Horizontal method for the 

enumeration of microorganisms-Part 1: colony count at 30  

degrees C by the pour plate technique. ISO 4833-1.  

International Organization for Standardization (ISO). (2017).  

Microbiology of the food chain-Horizontal method for the  

detection, enumeration and serotyping of Salmonella-Part 1: 

detection of Salmonella spp. ISO 6579.  

Jiang X., Morgan J., Doyle M.P. (2002). Fate of Escherichia  

coli O157:H7 in manure-amended soil. Applied and  

Environmental Microbiology. 68: 2605-2609. [DOI: 

10.1128/AEM.68.5.2605-2609.2002] 

Kłapeć T., Wojcik-Fatla A., Cholewa A., Cholewa G., Dutkiewicz 

J. (2016). Microbiological characterization of vegetables  

and their rhizosphere soil in Eastern Poland. Annals of  

Agricultural and Environmental Medicine. 423: 559-565. 

[DOI: 10.5604/12321966.1226846] 

Leff W.J., Fierer N. (2013). Bacterial communities associated with 

the surfaces of fresh fruits and vegetables. PLoS ONE. 8: 

e59310. [DOI:10.1371/journal.pone.0059310] 

Lewis Ivey M.L., LeJeune J.T., Miller S.A. (2012). Vegetable  

producers’ perceptions of food safety hazards in the  

Midwestern USA. Food Control. 26: 453-465. [DOI: 

10.1016/j.foodcont.2012.01.065] 

Maffei D.F., de Arruda Silveira N.F., da Penha Longo Mortatti 

Catanozi M. (2013). Microbiological quality of organic and 

conventional vegetables sold in Brazil. Food Control. 29: 226-

230. [DOI: 10.1016/j.foodcont.2012.06.013] 

Mei Soon J., Manning L., Paul Davies W., Baines R. (2012).  

Fresh produce-associated outbreaks: a call for HACCP  

on farms? British Food Journal. 114: 553-597. [DOI: 

10.1108/00070701211219568] 

Nesamvuni C., Steyn N.P., Potgieter M.J. (2001). Nutritional value 

of wild, leafy plants consumed by the Vhavenda research  

letter. South African Journal of Science. 97: 51-54. [DOI: 

10520/EJC97277] 

Nguz K., Shindano J., Samapundo S., Huyghebaert A. (2005).  

Microbiological evaluation of fresh-cut organic vegetables 

produced in Zambia. Food Control. 16: 623-628. [DOI: 

10.1016/j.foodcont.2004.07.001] 

Nousiainen L.L., Joutsen S., Lunden J., Hänninen M.L., 

Fredriksson-Ahomaa M. (2016). Bacterial quality and safety 

of packaged fresh leafy vegetables at the retail level in  

Finland. International Journal of Food Microbiology. 232: 73-

79. [DOI: 10.1016/j.ijfoodmicro.2016.05.020] 

Olson J.H., Erie J.C., Bakri S.J. (2011). Nutritional supplementation 

and age-related macular degeneration. Seminars in Ophthal-

mology. 26 : 131-136. [DOI:10.3109/08820538.2011.577131] 

Park J.E., Ahn T.S., Lee H.J., Lee Y.O. (2006). Comparison of total 

and faecal coliforms as faecal indicator in eutrophicated  

surface water. Water Science and Technology. 3: 185-190. 

[DOI: 10.2166/wst.2006.467] 

Park S., Szonyi B., Gautam R., Nightingale K., Anciso J., Ivanek R. 

(2012). Risk factors for microbial contamination in fruits  

and vegetables at the preharvest level: a systematic review.  

Journal of Food Protection. 75: 2055-2081. [DOI: 

10.4315/0362-028X.JFP-12-160] 

Quiroz-Santiago C., Rodas-Sua´rez O.R., Va´zquez Q., Ferna´ndez 

C.R.Q., Fernandez F.J., Quin˜ones-Ramı´rez E.I., Va´zquez-

Salinas C. (2009). Prevalence of Salmonella in vegetables 

from Mexico. Journal of Food Protection. 72: 1279-1282. 

[DOI: 10.4315/0362-028X-72.6.1279] 

Steyn N.P., Olivier J., Wirter P., Burger S., Nesamvuni C. (2001). A 

survey of wild, green, leafy vegetables and their potential in 

combating micronutrient deficiencies in rural populations. 

South African Journal of Science. 97: 276-278. 

Tango C.N., Choi N.J., Chung M.S., Oh D.H. (2014). Bacteriologi-

cal quality of vegetables from organic and conventional  

production in different areas of Korea. Journal of Food  

Protection. 77: 1411-1417. [DOI: 10.4315/0362-028X.JFP-13- 

514] 

Uyttendaele M., Jaykus L.A., Amoah P., Chiodini  A.,  Cunliffe  D.,

  

 [
 D

O
I:

 1
0.

18
50

2/
jf

qh
c.

6.
4.

19
95

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
25

-1
0-

17
 ]

 

                               5 / 6

http://dx.doi.org/10.1155/2016/4767453
http://dx.doi.org/10.1371/journal.pone.0059310
http://dx.doi.org/10.18502/jfqhc.6.4.1995
https://jfqhc.ssu.ac.ir/article-1-634-en.html


Hougbenou Houngla et al.: Microbial Contamination of Leafy Vegetables in Benin 

 

173 
Journal website: http://www.jfqhc.com 

 

 

 Jacxsens L., Holvoet K., Korsten L., Lau M., McVlure P., 

Medema G., Sampers I., et al. (2015). Microbial hazards in  

irrigation water: standards, norms, and testing  to  manage  use 

of water in fresh produce primary production. Comprehensive 

Reviews in Food Science Food Safety. 14: 336-356. [DOI: 

10.1111/1541-4337.12133] 

 

 [
 D

O
I:

 1
0.

18
50

2/
jf

qh
c.

6.
4.

19
95

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
25

-1
0-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.18502/jfqhc.6.4.1995
https://jfqhc.ssu.ac.ir/article-1-634-en.html
http://www.tcpdf.org

