Taxonomic and biochemical analysis of enterobacteria strains isolated from some vegetables in Niamey, Niger


Abstract:
Enterobacteriaceae are one of the most important bacterial families in human pathology. This family includes numerous species, most of which are normal hosts in the digestive tract of humans and animals. The aim of this study was to characterize the taxonomy and diversity of enterobacteria contaminating vegetables in Niamey. A total of 124 vegetable samples and 29 irrigation water samples were collected and analyzed. Enterobacteria were enumerated in accordance with ISO 21528-1 and biochemical characteristics of enterobacteria were determined using the method of Le Minor and Richard. The results showed a high abundance of enterobacteria in vegetables, around 5.58 Log10 CFU/g (onion). Enterobacteriaceae were more abundant in market samples than in field samples. Secondly, several species of enterobacteria were isolated, with sixty (60) strains identified, divided between eighteen (18) species belonging to the enterobacteria family, including twenty (20) strains of Salmonella, ten (10) strains of Escherichia coli and seven (7) strains of Serratia. Lettuce samples were more contaminated with Salmonella spp. (15.22%) and tomato with Enterobacter cloacae (4.35%). A certain biochemical similarity was observed between the different enterobacteria species identified. Whatever the type of vegetable considered, the enterobacteria loads obtained exceed the microbiological criteria for vegetables.  As a result, the sanitary quality of these vegetables is low. It is therefore essential to make producers and retailers aware of the need to strictly adhere to good hygiene practices in order to produce healthy vegetables. To characterize the risk associated with consumption of this vegetable, it would be important to determine the profile and antibiotic resistance genes of these Enterobacteriaceae species.
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1. Introduction 
The term Enterobacteriaceae comes from two Greek words: Enteron "intestine" and bakteron "little stick", meaning intestinal bacilli [1]. Enterobacteriaceae belong to the kingdom Bacteria, the phylum Proteobacteria, the class Gamma-proteobacteria, the order Enterobacteriales and the family Enterobacteriaceae [2]. This is a biochemically and genetically related group, with great heterogeneity in terms of ecology, hosts and pathogenic potential for humans, animals, insects and plants [3]. Phenotypically, they are straight Gram-negative bacilli; motile by peritrichous flagella, or immobile; non-spore-forming; facultative aerobes, producing acid from glucose; no sodium requirement, nor stimulation; catalase positive; oxidase negative; usually reduce nitrate to nitrite (not N2); 16S rRNA from gamma-proteobacteria [4]. The Enterobacteriaceae family comprises over 30 genera and 120 listed bacterial species [5]. The species most commonly isolated in clinical bacteriology belong to 12 genera: Citrobacter, Enterobacter, Escherichia, Hafnia, Klebsiella, Morganella, Proteus, Providencia, Salmonella, Serratia, Shigella, Yersinia [2]. They are ubiquitous, found everywhere in soil, water, certain foodstuffs, the oral cavity, the upper airways and the genitals, but most of the species that make up this family are normal hosts (known as commensals) or pathogens of the digestive tract of humans and animals, which is why they are called enterobacteria [6]. Depending on the variability of their behavior and aggressiveness, two groups of pathogenic enterobacteria can be distinguished: strict pathogens and opportunistic pathogens [7]. Opportunistic pathogens are intestinal pathogens that can, to varying degrees, become aggressive to humans. The frequency of their pathological manifestations is on the increase, often due to the existence in these species of antibiotic resistance plasmids enabling their selection [8]. The presence of strict pathogens in the organism is abnormal, whatever their number, and often leads to infection. They cause intestinal disorders characterized by diarrhea followed by dehydration, by adhering to the intestinal mucosa and then crossing the enterocyte barrier [7]. These organisms can contaminate crops, soils, surface water and groundwater. Wastewater is an important vehicle for these biological agents. The use of wastewater represents a potential threat to both the environment and consumer health [9]. In developing countries, for example, wastewater is generally used without prior treatment, or with only partial treatment, leading to contamination of vegetables [10, 11, 12]. Consumption of these vegetables is a potential risk factor for infection by pathogenic enterobacteria such as Salmonella and Escherichia coli, responsible for infectious diarrhoea in humans [13]. Illnesses associated with the consumption of these contaminated vegetables are common in many regions of developing countries, but are underestimated due to the lack of reliable survey and surveillance data. As a result, a high proportion of epidemic cases go undetected, or are only rarely mentioned in scientific reports [14]. The aim of the present study is to assess the diversity of enterobacteria contaminating vegetables produced and sold in the urban community of Niamey.
2. Material and method 
2.1.  Sampling mode 

Vegetable samples were taken from fields and sales markets. Samples were taken under sterile conditions, using single-use sterile gloves to avoid external contamination. Samples were taken from rootless lettuces, whole tomatoes showing no visible damage or cracks, whole carrots and whole onions. A lettuce sample corresponded to three (3) heads of lettuce, and a tomato sample corresponded to three (3) fruits without cracks, weighing around 150g, taken at random from different corners of the field or from the same vendor's lot. Carrot and onion samples were taken at the point of sale only (market). A carrot sample consists of at least three carrots weighing a minimum of 150g, taken at random from the same vendor. A batch of approximately 150g was used as the onion sample. An information sheet was attached to each sample. Water samples were taken only at production sites. Sterile 100 mL bottles were used for sampling. A sample of irrigation water corresponds to 100 mL of water taken from the irrigation water source by extending the bottle directly into the source. Each bottle is labelled after sampling. A total of 124 vegetable samples and 29 water samples were taken. Each sample taken was well packaged in a polyethylene bag, then carefully labeled. The samples were then transferred to the microbiology laboratory of the Faculty of Science and Technology (FAST), after being packaged and placed in a cooler containing carboglass to keep the temperature down to around 4°C.
2.2.  Bacteriological analysis 
Stock solution preparation and decimal dilutions: A stock suspension was prepared from 25 grams of the shredded material from each vegetable sample, introduced into 225 mL of buffered peptone water, previously prepared and sterilized in accordance with ISO 6887-1:1999. Several decimal dilutions were made from this stock suspension. 
Enterobacteriaceae enumeration: enumeration was carried out on Mac conkey agar in accordance with ISO 21528-2:2017 [17], with incubation at 37° for 24 hours. After incubation, colonies characteristic of enterobacteria were counted. A few colonies were then selected and transferred to the nutrient agar to obtain a pure culture.  
Identification: Enterobacteriaceae from the various samples were randomly selected and streaked onto nutrient agar. Biochemical characteristics were determined using the method of Le Minor and Richard (1993) [18] and ISO 21528-1:2017 [19].
· [bookmark: _Toc158673852][bookmark: _Toc158153554]Testing for urease and indole: a hemolysis tube containing 1 mL of Fergusson urea-indole medium is inoculated with a pure colony obtained on nutrient agar. The mixture is incubated at 37°C for 24 hours. After incubation, the medium turns from orange to pink, indicating urease production by the bacteria. After adding a few drops of Kovacs reagent to the first tube, the appearance of a red ring t indicates indole production. 
· [bookmark: _Toc158673853][bookmark: _Toc158153555]Search for citrate as the sole carbon source: Simmons citrate medium is poured into test tubes after sterilization. This medium is streaked longitudinally from colonies obtained on nutrient agar. Incubation took place at 37°C for 24 hours. The bacterium's use of sodium citrate as its sole carbon source is reflected by the appearance of colonies on the slope, or by the medium turning from green to blue.
· [bookmark: _Toc158673854][bookmark: _Toc158153556]Sugar utilization, gas production and hydrogen sulfide (H2 S): Kligler-Hajna medium is poured into test tubes in pellets and slants. The seeded urea-indole medium was streaked on the slope and pitted centrally in the pellet. Incubation took place at 37°C for 24 hours. The yellow color of the pellet reflects the fermentation of glucose (Glu+), while the yellow color of the slope reflects the oxidation of lactose (Lac+) by the bacteria. The appearance of black coloration in the tubes indicates the presence of H2 S, while the appearance of bubbles indicates the presence of gas. When the pellet and slope remain unchanged, this means that the strain tested is unable to utilize gluco se (Glu-) and lactose (Lac-). 
· Phenotypic confirmation using API 20E: The API 20E gallery (Bio Mérieux, France) is a standardized system comprising 20 microtubes containing dehydrated substrates (AFNOR, 1996). The microtubes are inoculated with bacterial suspensions. Reactions produced during the incubation period result in spontaneous color changes, or are revealed by the addition of reagents. These reactions were read using the reading table, and identification was obtained using the identification software (API WEB). 
2.3.  Statistical analysis 

Data were subjected to frequency, mean and standard deviation calculations using IBM SPSS Statistics 23 software. Non-parametric Kruskal-Walis and Wilcoxon tests were then performed to test not only variability between different samples from one sampling site to another, but also variability between different vegetable types. In addition, a Hierarchical Ascending Classification (HAC) based on Euclidean distance using Ward's method and a Discriminant Factor Analysis (DFA) were performed to determine whether the species identified are similar or dissimilar. Differences are considered significant for values of P-value<0.05.

3. Results  

3.1.  Abundance of enterobacteria in vegetables

Figure 1 shows the average enterobacteria loads of the different types of vegetables analyzed, according to sampling site. The results show that whatever the sampling site and type of vegetable considered, enterobacteria loads are higher than the microbiological criteria (3.48 Log10 UFC/g) defined by AFNOR for raw edible vegetables. Onion samples were more contaminated, at around 5.69 Log10 CFU/g (MD), while tomato samples were less contaminated (2.48 Log10 CFU/g (champ3)). However, lettuce samples taken from markets were less contaminated, from 4.08 Log10 CFU/g (MH) to 5.22 Log10 CFU/g  (MD), than field samples (from 5.05 Log10  (Champ3)  to 5.47 Log10  CFU/g (Champ1). Differences were statistically significant between enterobacteria loads, sampling sites and vegetable type (P-value = 0.004 and 0.000).




 
 
 
Figure 1. Average enterobacteria loads in vegetable samples by sampling site, MP: petit Market, MD : Dolé market, MDR: Dar es salam market, MW: Wadata maket, MH: Harobanda market

Figure 2 shows the abundance of Enterobacteriaceae in vegetable samples from markets and fields. There was no significant difference between the abundance of enterobacteria in market and field samples (P-values = 0.935 according to the Wilcoxon U test).
[image: ] [image: ]P-value = 0.935


Figure 2. Abundance of Enterobacteriaceae in market and field samples by U test
3.2.  Prevalence and diversity of enterobacteria isolated from vegetables

[bookmark: _Hlk163202940][bookmark: _Hlk163225206]Several species of Enterobacteriaceae belonging to several genera were isolated (figures 3 and 4) from vegetables sampled at field and sales markets. The Enterobacteriaceae species isolated were almost identical whatever the sampling site considered (market garden site or field). A total of sixty (60) strains of enterobacteria were identified, divided into eighteen (18) species belonging to ten (10) genera. The genera concerned were Citrobacter, Enterobacter, Escherichia, Klebsiella, Pantoea, Proteus, Providencia, Raoultella, Salmonella and Serratia (figure 3). The species isolated were Citrobacter Freundii, Enterobacter cloacae, Enterobacter sakazakii, Escherichia coli, Escherichia vulneris, Klebsiella pneumoiae ssp azaenae, Pantoea spp, Proteus mirabilis, Proteus vulgaris group, Providencia rettgeri, Providencia stuartii, Raoultella terrigena, Salmonella spp. and two (2) serovars of Salmonella enterica (arizonae and pullorum), Serratia liqueferaciens, Serratia marcescens, Serratia odorifera 1, Serratia rubidaea (figure 4). Among these species, five (5) were found in the majority, namely Salmonella spp (25.00%), Escherichia coli 1 and 2 (15.00%), Pantoea spp 1 and 2 (8.34%), Enterobacter Cloacae, and Salmonella enterica (arizonae and pullorum) (6.67% for each species).
[bookmark: _Toc164617601]
Figure 3: Distribution of enterobacteria genera isolated from vegetable samples

[bookmark: _Toc165296591][bookmark: _Toc162908011][bookmark: _Toc162900121]Figure 4: Distribution of enterobacteria species isolated from vegetable samples 

3.3.  Prevalence and diversity of enterobacteria identified by market 

Table I shows the prevalence of Enterobacteriaceae identified by sales markets.  In all, thirty-three (33) strains were identified in market samples, divided into nine (9) species: Enterobacter cloacae, Escherichia coli, Escherichia vulneris, Klebsiella pneumoiae ssp azaenae, Pantoea spp, Proteus mirabilis, Proteus vulgaris group, Providencia rettgeri, Providencia stuartii, Salmonella spp and two Salmonella enterica serovars (arizonae and pullorum), Serratia liqueferaciens, Serratia marcescens, Serratia odorifera 1, Serratia rubidaea. MH recorded the highest prevalence (27.27%, i.e. nine (09) species). The species identified in this market are Salmonella arizonae, Salmonella pullorum, Salmonella spp, Enterobacter cloacae, Escherichia coli1 and 2, Pantoea spp, Serratia liqueferaciens and Serratia rubidaea. Seven (7) species (21.21%) were found in the MW, namely Salmonella arizonae, Salmonella spp, Escherichia coli 1, Klebsiella Pneumoniae ssp ozaenae and Proteus mirabilis. The distribution of Enterobacteriaceae species was not significant between markets (P-value = 0.552).







[bookmark: _Toc164617602]Table I. Distribution of Enterobacteriaceae species isolated from market vegetable samples
	Type 
	Enterobacteriaceae species identified
 
	Distribution by market n(%)
	Total

	
	
	MP
	MDR
	MD
	MW
	MH
	

	Enterobacter
	Enterobacter cloacae
	1(3,03)a
	-
	-
	-
	1(3,03)a
	2(6,06)

	Escherichia 
	Escherichia coli1
	1(3,03)a
	1(3,03)a
	-
	1(3,03)a
	1(3,03)a
	4(11,11)

	Escherichia 
	Escherichia coli2
	-
	-
	-
	-
	1(3,03)a
	1(3,03)

	Escherichia 
	Escherichia vulneris
	-
	1(3,03)a
	1(3,03)a
	-
	-
	2(6,06)

	Klebsiella
	Klebsiella pneumoniae ssp ozaenae
	-
	-
	-
	1(3,03)a
	-
	1(3,03)

	Pantoea 
	Pantoea spp 1
	2(6,06)a
	-
	-
	
	1(3,03)a
	3(9,09)

	Pantoea
	Pantoea spp 2
	-
	1(3,03)a
	-
	-
	-
	1(3,03)

	Proteus
	Proteus mirabilis
	-
	-
	-
	1(3,03)a
	-
	1(3,03)

	Proteus
	Proteus vulgaris group
	1(3,03)a
	-
	-
	-
	-
	1(3,03)

	Providencia 
	Providencia rettgeri
	-
	-
	1(3,03)a
	-
	-
	1(3,03)

	Salmonella 
	Salmonella pullorum 
	
	
	
	
	1(3,03)a
	1(3,06)

	Salmonella 
	Salmonella arizonae
	-
	1(3,03)a
	-
	1(3,03)a
	1(3,03)a
	3(9,09)

	Salmonella 
	Salmonella spp.
	1(3,03)a
	1(3,03)a
	3(9,09)a
	3(9,09)a
	1(3,03)a
	9(27,27)

	Serratia 
	Serratia liquefaciens
	-
	-
	-
	-
	1(3,03)a
	1(3,03)

	Serratia 
	Serratia marcescens
	-
	1(3,03)a
	-
	-
	-
	1(3,03)

	Serratia 
	Serratia rubidaea
	-
	-
	-
	-
	1(3,03)a
	1(3,03)

	Total
	
	6(18,18)
	6(18,18)
	5(15,15)
	7(21,21)
	9(27,27)
	(33)100,00


Values with the same letter in the same column are not significantly different (P>0.05). MP: Small market; MDR: Dar es salam market; MD: Dolé market MW: Wadata market; MH: Harobanda market

3.4. [bookmark: _Toc165296592][bookmark: _Toc162908012][bookmark: _Toc162900122][bookmark: _Hlk163203048] Prevalence and diversity of enterobacteria identified on the fields

[bookmark: _Hlk163203078]The distribution of Enterobacteriaceae species identified by production site is shown in Table II. A total of twenty-seven (27) strains of enterobacteria were identified in the fields, belonging to eight (8) genera (i.e. fourteen (14) different species). Eleven (11) species were found in field3: Escherichia coli 1 and 2 (14.81%), Escherichia vulneris (7.41%), Enterobacter cloacae, Enterobacter sakazakii, Providencia stuartii, Salmonella spp, and Serratia liquéfactions (3.70% each). Field2 had fewer species (7) than the other sites. The species found were Salmonella spp. (7.41%), Enterobacter cloacae, Klebsiella pneumoniae ssp ozaenae, Proteus mirabilis, Serratia marcescens, Serratia odorifera 1 (3.70% each).  Among these species, only Salmonella spp. were identified at all sites (a total of six (6) species or 22.22%, including three (3) species identified in field3). 
  

[bookmark: _Toc164617603]Table II. Prevalence’s of Enterobacteriaceae species isolated from vegetable samples collected at market garden sites.
	Type 
	Enterobacteriaceae species identified 
	Distribution by fields
n(%)
	Total

	
	
	Field1
	Field2
	Field3
	

	Citrobacter 
	Citrobacter freundii
	(2)7,41
	-
	-
	2(7,41)

	Enterobacter
	Enterobacter cloacae
	-
	1(3,70)a
	1(3,70)a
	2(7,41)

	Enterobacter
	Enterobacter sakazakii
	-
	-
	1(3,70)a
	1(3,70)

	Escherichia 
	Escherichia coli1
	1(3,70)a
	-
	4 (11,11)a
	4(14,81)

	Escherichia 
	Escherichia coli2
	-
	-
	1(3,70)a
	1(3,70)

	Escherichia 
	Escherichia vulneris
	-
	-
	1(3,70)
	1(3,70)

	Klebsiella
	Klebsiella pneumoniae ssp ozaenae
	-
	1(3,70)a
	-
	1(3,70)

	Pantoea
	Pantoea spp 1
	1(3,70)a
	-
	-
	1(3,70)

	Proteus
	Proteus mirabilis
	-
	1(3,70)a
	-
	1(3,70)

	Providencia
	Providencia stuartii
	-
	-
	1(3,70)a
	1(3,70)

	Salmonella
	Salmonella arizonae
	1(3,70)a
	-
	-
	1(3,70)

	Salmonella 
	Salmonella spp
	3(11,11)a
	(2)7,41
	1(3,70)a
	6(22,22)

	Serratia 
	Serratia liquefaciens
	1(3,70)a
	-
	1(3,70)a
	2(7,41)

	Serratia 
	Serratia marcescens
	-
	1(3,70)a
	-
	1(3,70)

	Serratia 
	Serratia odorifera 1
	-
	1(3,70)a
	-
	1(3,70)

	Total 
	
	(9)33,33
	(7)25,93
	(11)40,74
	(27)100,00


Values with the same letter in the same column are not significantly different (P>0.05). 

3.5. [bookmark: _Toc165296593] Prevalence and diversity of enterobacteria identified according to vegetable typology 

The prevalence of enterobacteria species identified according to vegetable type is shown in Table III. A high prevalence of Enterobacteriaceae was observed in lettuce samples (53.06% of strains identified). The species most frequently found in lettuce samples were Salmonella spp (15.22%), Escherichia coli1, Klebsiella pneumoniae ssp ozaenae, Salmonella choleraesuis ssp arizonae (4.35% or two (2) times identified each). However, onions were the vegetable with the fewest enterobacteria species (5 species, or 12.24%). The species identified were Escherichia coli 1, Proteus mirabilis, Providencia rettgeri, Salmonella spp and Serratia marcescens (2.17% each). On the other hand, Klebsiella pneumoniae ssp ozaenae, Pantoea spp 2, Proteus vulgaris group, Salmonella pullorum, Serratia Odorifera 1 and Serratia Rubidaea were isolated only from lettuce samples, Providencia stuartii and Serratia liquefaciens only from tomato samples, and Providencia rettgeri from onions only. It is also important to note that only Salmonella spp. were identified in all vegetables. Only one statistically significant difference was recorded between carrot and tomato frequencies (P-value<0.05).


[bookmark: _Toc164617604]Table III. Prevalence’s of enterobacteria species isolated from market garden sites and markets, by type of vegetable.
	Type 
	Enterobacteriaceae species identified 
	Distribution by type of vegetable n(%)
	Total

	
	
	Lettuce
	Tomato
	Carrot
	Onion
	

	[bookmark: _Hlk163224841]Enterobacter 
	Enterobacter cloacae
	1(2,17)a
	2(4,35)a
	-
	-
	3(6,52)

	Escherichia 
	Escherichia coli1
	2(4,35)a
	2(4,35)a
	-
	1(2,17)a
	5(10,20)

	Escherichia 
	Escherichia coli2
	1(2,17)a
	1(2,17)a
	-
	-
	2(4,35)

	Escherichia 
	Escherichia vulneris
	1(2,17)a
	1(2,17)a
	1(2,17)a
	-
	3(6,52)

	Klebsiella 
	Klebsiella pneumoniae ssp ozaenae
	2(4,35)a
	-
	-
	-
	2(4,35)

	Pantoea 
	Pantoea spp 1
	1(2,17)a
	1(2,17)a
	1(2,17)a
	-
	3(6,52)

	Pantoea 
	Pantoea spp 2
	1(2,17)a
	-
	-
	-
	1(2,17)

	Proteus 
	Proteus mirabilis
	1(2,17)a
	-
	-
	1(2,17)a
	2(4,35)

	Proteus 
	Proteus vulgaris group
	1(2,17)a
	-
	-
	-
	1(2,17)

	Providencia 
	Providencia rettgeri
	-
	-
	-
	1(2,17)a
	1(2,17)

	Providencia 
	Providencia stuartii
	-
	1(2,17)a
	-
	-
	1(2,17)

	Salmonella 
	Salmonella pullorum 
	1(2,35)a
	
	
	
	1(2,17)

	Salmonella 
	Salmonella arizonae
	2(4,35)a
	1(2,17)a
	1(2,17)a
	-
	4(8,69)

	Salmonella 
	Salmonella spp
	7(15,22)a
	2(4,35)a
	2(4,35)a
	1(2,17)a
	13(28,26)

	Serratia 
	Serratia liquefaciens
	-
	1(2,17)a
	-
	-
	1(2,17)

	Serratia 
	Serratia marcescens
	1(2,17)a
	-
	-
	1(2,17)a
	2(4,35)

	Serratia 
	Serratia odorifera 1
	1(2,17)a
	-
	-
	-
	1(2,17)

	Serratia 
	Serratia rubidaea
	1(2,17)a
	-
	-
	-
	1(2,17)

	Total 
	 
	24(52,17)
	12(26,06)
	5(10,87)
	5(10,87)
	46(100,00)


Values with the same letter in the same column are not significantly different (P>0.05). 

3.6.  Prevalence and diversity of enterobacteria isolated from irrigation water
0.  
Table IV shows the different species of Enterobacteriaceae identified in irrigation water. Fourteen (14) strains were identified, corresponding to seven (7) species and belonging to six (6) genera. These were Escherichia coli 1 (28.50%), Salmonella spp and Serratia liquefaciens (21.4% each), Citrobacter freundii (14.3%) and Enterobacter cloacae, Enterobacter sakazakii and Pantoea spp. (7.1% each). Field 3 recorded more species (7 species, i.e. 50% of species identified in irrigation water). Only one species of enterobacteria was identified in field 2, Salmonella spp. (7.10%). Similarly, Citrobacter freundii was only identified at site 1 (two (2) times, i.e. 14.30%). On the other hand, Salmonella spp. was identified at all market garden sites. 

[bookmark: _Toc164617605]Table IV. Diversity of Enterobacteriaceae strains isolated from irrigation water in relation to market garden sites
	Enterobacteriaceae species identified 
	Distribution by market garden site
n(%)
	Total

	
	Field1
	field2
	Champ3
	

	Citrobacter freundii
	2(14,30)a
	-
	-
	2(14,30)

	Enterobacter cloacae
	-
	-
	1(7,10)a
	1(7,10)

	Enterobacter sakazakii
	-
	-
	1(7,10)a
	1(7,10)

	Escherichia coli1
	1(7,10)a
	-
	(3) 21,40
	4(28,50)

	Pantoea spp 1
	1(7,10)a
	-
	-
	1(7,10)

	Salmonella spp
	1(7,10)a
	1(7,10)a
	1(7,10)a
	3(21,40)

	Serratia liquefaciens
	2(14,30)a
	-
	1(7,10)a
	3(21,40)

	Total 
	6(42,90)
	1(7,10)
	7(50,00)
	14(100,00)


Values with the same letter in the same column are not significantly different (P>0.05). 

3.7.  Biochemical similarity of identified Enterobacteriaceae species 

Hierarchical Ascending Classification (HAC) of the biochemical characteristics of the Enterobacteriaceae strains identified, based on Euclidean distance using Ward's method, identified four (4) groups (figure 5). Group 1 represents 28.33% of all strains identified (17/60). Group 2 is the largest, representing 48.33% (29/60) of strains, and group 3, 16.66% (10/60). Finally, group 4 is the smallest, comprising four (4) (6.67%). 
[image: jpgDENDO2]Figure 5. Dendrogram 1 generated by hierarchical ascending classification of the biochemical characteristics of enterobacteria strains identified in vegetables and irrigation water. Pansp: Pantoe spp 1, Raote: Raoultella terrigena, Salch: Salmonella enterica ssp arizonae, Salsp: Salmonella spp, Citfr: Citrobacter freundii, Entcl: Enterobacter cloacae, Entsa: Enterobacter sakazakii, Escco: Escherichia coli, Pansp: Pantoe spp, Raote: Raoultella terrigena, Serli: Serratia liquefaciens, Klepn: Klebsiella pneumoniae ssp ozaenae, Promi: Proteus mirabilis, Prore: Proteus vulagaris group, Salsp16: Salmonella pullorum, Serma: Serratia marcescens, Serod: Serratia odorifera, Serru: Serratia rubidae, Prost: Providencia rettgeri, Escvu: Escherichia vulneris, Provu: Providencia stuartii


Figure 6 shows the distribution of species within each HAC group. Group 2 (G2) is the largest, comprising Enterobacter cloacae, Enterobacter sakazakii, Escherichia coli 1, Escherichia coli 2, Escherichia vulneris, Klebsiella pneumoniae ssp, Pantoe spp 1, Raoultella terrigena, Salmonella spp, Serratia liquefaciens, Serratia marcescens, and Serratia odorifera 1 in varying proportions (Figure 7). Group 4 (G4), on the other hand, is the smallest, comprising four (4) species. Some species can be found in more than one group. The difference is statistically insignificant between and within groups according to the non-parametric Kruskal-Walis test (P-value = 0.427).
 
0,427

Figure 6. Distribution of identified species within the different groups 
Discriminative Factorial Analysis (DFA) of the biochemical characteristics of these species shows that group 1 differs from the other groups, on the one hand, in their ability to use Citrate (CIT) as the sole carbon source and the production of H2S and, on the other, in their strong ability to metabolize Sorbitol (SOR), Rhamnose (RHA), Arabinose (ARA), Mannose (MAN) and Glucose (GLU) (figure 7). The genus Salmonella represents 88.24% of group 1 (figure 7), hence the finding of certain Salmonella spp. specific characteristics (such as CIT and H2 S positive). The 2ème group is characterized by the presence of a β-galactosidase (ONPG+), the presence of an Ornithine Decarboxylase (ODH+) and the strong fermentation of glucose, mannose, sucrose and arabinose. However, group 3 is distinguished from the others by the presence of Gelatinase (GEL+). Finally, the fourth group is distinguished from the others by the presence of a Urease (URE+) and a Tryptophan Deaminase (TDA+), the ability to ferment glucose and sucrose, and the use of citrate as the carbon source. Proteus and Providencia, which are obviously characterized by the presence of urease and TDA, have also been identified in these groups.

  
Figure 7. Biochemical characteristics of different enterobacteria species according to HAC groups

Figure 8 shows the projection of the four (4) enterobacteria groups in the factorial axis system. 
The figure shows that axis 1 (function 1) discriminates the four (4) groups better than axis 2. Groups 2 and 4 are well distinguished, one on the positive side of axis 1 (group 3 (G3)) and the other on the negative side (group 4 (G4)). However, some bacteria in groups 1 and 3 have an intermediate metabolism between the two (2) groups (G1 and G3).
The Correspondence Factor Analysis (CFA) carried out between the four (4) groups of bacteria and the different species shows that it is possible to group the different bacterial species into three (3) groups (figure 9). The bacterial populations in groups 2 and 4 have very distinct metabolisms, as shown in figure 9. Group 2 comprises bacterial species such as Enterobacter sakazakii, Enterobacter cloaca and Escherichia coli 1, while group 4 comprises Pantoae spp1, Providencia rettgeri, Proteus vulgaricus group and Proteus mirabilis. Groups 1 and 3 are made up of bacteria with similar metabolisms. AFC has grouped these two (2) groups on the negative side of axis 2 (dimension 2). They are made up of bacteria from the Salmonella, Pantoae, Citrobacter, Klebsiella and Raoultella genera. However, Escherichia Vulneris has an intermediate metabolism between G2 and G3, and Escherichia coli2 between G2 and G4.  
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[bookmark: _Toc171809033]Figure 9. Factor plane projection of species distribution according to HAC groups

4. Discussion

[bookmark: _Hlk163224065]Enterobacteriaceae are a large group of Gram-negative bacilli widely distributed in nature and in the digestive tracts of humans and animals. These bacteria are characterized by their rapid multiplication, and can contaminate crops, soil, surface water and groundwater. They also contain pathogenic strains, dangerous to consumers. They are indicators of faecal contamination, providing a more complete picture of potentially pathogenic germs [13, 20] and, as such, are indicators of food safety (absence of danger) [21]. The results of the enumeration showed high loads of Enterobacteriaceae in the vegetables and irrigation water samples. Whatever the sampling site and the type of vegetable considered, the loads were well above the microbiological criteria that raw vegetables must meet. A similar observation was reported from Abidjan in Côte d'Ivoire [13]. The presence of bacteria of enteric origin in lettuces suggests a lack of good hygiene practices and faecal contamination, which could be harmful when these vegetables are eaten raw [22, 23, 24]. The study revealed the presence of sixty (60) strains of enterobacteria divided into eighteen (18) species and belonging to ten (10) genera. The species isolated were Citrobacter Freundii, Enterobacter cloacae, Enterobacter sakazakii, Escherichia coli, Escherichia vulneris, Klebsiella pneumoniae ssp azaenae, Pantoea spp, Proteus mirabilis, Proteus vulgaris group, Providencia rettgeri, Providencia stuartii, Salmonella spp. and two serovars of Salmonella enterica (arizonae and pullorum), Serratia liqueferaciens, Serratia marcescens, Serratia odorifera 1, Serratia rubidaea. Our results corroborate those of Koffi-Nervry et al [25], who highlighted the presence of several species of enterobacteria in lettuces, with Salmonella, Serratia marcescens and E. coli the most common. Various species of Enterobacteriaceae were also isolated from irrigation water. This diversity is represented by fourteen (14) species, belonging to six (6) genera of enterobacteria. It generally consists of Salmonella spp, Escherichia coli1, Citrobacter freundii, Enterobacter cloacae, Enterobacter sakazakii, Serratia liquefaciens. The presence of enterobacteria has also been reported in irrigation water samples in Maroua, Cameroon [26]. Many of these enteric bacteria are implicated in a growing number of food poisoning outbreaks [26, 27, 28]. They are indicators of food safety (absence of danger) [21]. Enterobacteriaceae contain pathogenic strains that are dangerous for consumers. The species of Enterobacteriaceae identified were almost identical on both market and market sites. These results confirm earlier observations that most of the Enterobacteriaceae found on lettuce sold in the market come from the field [13, 29]. Around 75% of lettuce samples from Abidjan markets do not meet the microbiological criteria for vegetables [13]. This high presence of Enterobacteriaceae in vegetables and irrigation water in Niamey may be linked to practices at risk of causing microbiological contamination observed on markets and market garden sites at the time of the survey. The risky practices identified at the markets included the failure to wash hands with soap after using the toilet, the unhygienic state of the sales stands (unhealthy), the position of the sales sites (on the edge of the public highway, sometimes close to open gutters, or even close to toilets) and the unhealthy, open-air sales environment [30].  On market gardening sites, the risky practices listed were the use of wastewater for watering, washing vegetables with contaminated water, the use of untreated manure, open defecation near fields, lack of personal hygiene, depositing vegetables on the ground and post-harvest packaging conditions [31]. These results corroborate those of Toe et al [32], who reported that the presence of enterobacteria in vegetables could be explained by the bio-contamination risk practices they observed in the markets and fields of Abidjan, notably the use of animal manure. These include the use of animal manure, the droppings and excrement of wild, domestic and farm animals in the vicinity of fields, and the conditions under which vegetables are sold in markets [32]. Recently, authors have also reported that the presence of Enterobacteriaceae in lettuce samples can be induced by watering with untreated wastewater and the use of manure for soil enrichment [22]. Finally, our results corroborate a number of previous observations which suggest that the unhygienic conditions under which lettuce is grown may explain the presence of enterobacteria [13, 25, 33, 34, 35, 36, 37, 38].
Identification of bacterial genus and species is based primarily on the study of biochemical characteristics (Titradine, 2019). The great enzymatic diversity of Enterobacteriaceae gives them numerous biochemical characteristics. Some biochemical characteristics may be common to all enterobacteria, while others may only be present in certain enterobacteria species. A study of the biochemical characteristics of Enterobacteriaceae species isolated from vegetable samples showed a certain biochemical similarity between species. This similarity is partly linked to the presence of certain specific enzymes and partly to their ability to metabolize certain sugars. Hierarchical ascending analysis (HAA) divided the enterobacteria species identified into four (4) groups. Discriminant factor analysis (DFA) characterized the four groups on the basis of thirteen (13) biochemical characters (ONPG, ODH, CIT, H2 S, URE, TDA, GEL, GLU, SAC, RHA, MAN, SOR, ARA). 

Conclusion 
The microbiological quality of vegetables produced and sold in Niamey is not suitable for human consumption. Enterobacteriaceae loads obtained at all sampling sites exceed the microbiological criteria that vegetables must meet.  In fact, eighteen (18) bacterial species belonging to ten (10) genera of the Enterobacteriaceae family were isolated and identified. These were Citrobacter Freundii, Enterobacter cloacae, Enterobacter sakazakii, Escherichia coli, Escherichia vulneris, Klebsiella pneumoiae ssp azaenae, Pantoea spp, Proteus mirabilis, Proteus vulgaris group, Providencia rettgeri, Providencia stuartii, Salmonella spp. and two (2) serovars of Salmonella enterica (arizonae and pullorum), Serratia liqueferaciens, Serratia marcescens, Serratia odorifera 1, Serratia rubidaea. Salmonella and Escherichia coli are the most common species found. The presence of pathogenic species in vegetables and irrigation water indicates the potential risk of consuming these vegetables untreated.
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