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Abstract

Lettuce is one of the most cultivated vegetables (eaten raw) in Mali with a percentage of 69.4 amongst leafy 
vegetables and 30.4 of all vegetables. Vegetables consumed raw, particularly lettuce, are sources of foodborne 
pathogens. This study was conducted to assess bacterial contamination of unwashed lettuce and the efficiency 
of disinfecting it with tap water and varying concentrations of some chemical disinfectants: bleach (0.00285, 
0.00570 and 0.00855 ppm), potassium permanganate (170, 340 and 510 ppm), vinegar (0.00285, 0.00570 
and 0.00855 ppm) and common salt (500, 1000 and 1500 ppm) based on the three consecutive washing 
protocol recommended for vegetables in Mali. Lettuce samples were randomly selected from farms irrigated 
with untreated river water within communities five and six in Bamako. Lettuce leaves were exposed to low 
concentration of the chemical disinfectants at 15 min, intermediate at 10 min and high at 5 min. A bleach 
(0.00285 ppm)/vinegar (0.00285 ppm) combination disinfection was also tested at 15 min. Tap water, bleach, 
potassium permanganate, vinegar and common salt reduced faecal coliform populations by 1.3–2.9, 1.5–3.0 
and 1.9–3.5 log CFU/100 g, at 5, 10 and 15 min, respectively. Disinfection treatment using bleach (0.00285 
ppm) was found to be more effective than other disinfectants at all contact times. All the disinfectants reduced 
Escherichia coli populations by 2.0–2.8 log CFU/100 g on lettuce and completely eliminated Salmonella 
spp. at all treatment contact times. Disinfection treatment using bleach/vinegar combination at 15 min also 
reduced faecal coliform populations on lettuce by 2.8 log CFU/100 g and completely eliminated E. coli and 
Salmonella spp. All chemical disinfectants including tap water at 15 min reduced faecal coliform populations 
below the undesirable ICMSF (2011) level (1000 CFU/100 g wet weight). These could contribute to reduce 
the health risk associated with the consumption of lettuce in Mali.

Introduction
The consumption of raw salad is common 
in Francophone countries in West Africa 
including Mali (Bellwood-Howard et al., 
2015; Coulibaly-Kalpy et al., 2017; Karg and 
Drechsel, 2018; Somda et al., 2019; Tounkara 
et al., 2019). Fast food in Bamako and its peri-
urban areas have lettuce as one of its common 
ingredients (Karg and Drechsel, 2018). Most 
fresh lettuce used in Bamako is cultivated 
along drains and near open wells, where 
untreated irrigation water is commonly used 
(Traoré et al., 2013; Dia, 2017; Traoré et al., 
2018, Traoré, 2020). In Bamako, these sources 
of irrigation water have been observed to have 
high faecal coliform contamination levels 
above the World Health Organization (WHO) 
recommended standards for unrestricted 

irrigation (Traoré, 2020). Apart from untreated 
water, manure and contaminated soils are also 
sources of faecal coliform contamination 
(Traoré, 2020) and are difficult to control.
Fortunately, consumers in Bamako widely 
practice washing of vegetables usually eaten 
raw before consumption (Traoré, 2020). 
Washing vegetables with clean running 
water is, however, not a common practice 
in Mali because only 41% of Malians have 
access to treated water (WHO, 2017a). Thus, 
vegetables are normally washed in a basin of 
standing water that has been contaminated 
through previous use, which could increase 
contamination levels instead of decreasing 
them (Kumwenda, 2019).
The disinfection methods for vegetables 
in Bamako vary widely and are applied 

West African Journal of Applied Ecology, vol. 28(2), 2020: 64 - 74



ineffectively by vegetables consumers due to 
poor knowledge and inadequate information 
(Traoré, 2020). Records elsewhere, however, 
show that the efficacy of these methods could 
be improved by using the correct disinfectants 
at appropriate concentrations and contact 
times (Traoré et al., 2013; Van Haute et al., 
2017; Woldetsadik et al., 2017; Subramanya 
et al., 2018). Vegetable consumers in 
Mali are, however, not aware of these 
appropriate methods of disinfection. Some 
of the disinfectants sold in Mali have been 
repackaged from their original containers, with 
no labels, while others have foreign labels, 
are expired or are counterfeit. In addition, 
these disinfectants are also mostly exposed 
to ultraviolet radiation in the open market, 
which affects the quality and efficacy. The 
Mali Health Service (MHS) has prescribed 
the following protocol for disinfecting 
vegetables which are eaten raw: washing with 
tap water, followed by immersion in either 
bleach (NaClO) or potassium permanganate 
(KMnO4) solutions at 0.00285 ppm and 170 
ppm for 15 min respectively, and a final rinse 
in tap water (MHS, 2005). Majority of Malians 
are, however, not aware of this protocol, and 
this disinfection method has also been reported 
as ineffective for complete disinfection of 
lettuce (Traoré et al., 2013). The efficiency 
of common vegetable disinfectants in Mali 
(bleach, potassium permanganate, vinegar 
(acetic acid CH3COOH), common salt (NaCl) 
and tap water), in reducing faecal coliforms 
such as Escherichia coli and Salmonella spp. 
on irrigated lettuce from Bamako were thus 
evaluated in this study.

Materials and Methods

Lettuce sampling procedure
The research was carried out in three lettuce 
farms with an average size of 0.25 hectare 
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irrigated with untreated river water, in each 
of communities five and six within Bamako. 
Fifteen heads of lettuce, were collected 
at random per farm. The samples were 
then placed in sterile polythene bags and 
transported on ice to the laboratory where 
they were analysed immediately for bacterial 
contamination before and after disinfection 
or stored at 4ºC and used within 24 h after 
harvest. Lettuce leaves were removed from 
each head and combined to obtain a composite 
sample for each farm (Hayes, 1995).

Preparation of disinfectant solutions
Five commonly used vegetable disinfectants 
in Mali: “eau de javel” (bleach) manufactured 
by Alvejante (Ivory Coast), potassium 
permanganate (Cooper France), vinegar 
(Vinaigres Fuchs Sas, France), common salt 
(NaCl) and tap water were used in this study. 
Three concentrations of the four chemical 
disinfectants (lower, intermediate and higher 
concentration) were prepared as follows using 
sterile distilled water: bleach at 0.00285, 
0.00570 and 0.00855 parts per million (ppm); 
potassium permanganate at 170, 340 and 
510 ppm; vinegar at 0.00285, 0.00570 and 
0.00855 ppm and common salt at 500, 1000 
and 1500 ppm. The three concentrations of 
bleach, potassium permanganate and vinegar 
were chosen based on the two recommended 
vegetable disinfectants in Mali (MHS, 2005), 
while those of the common salt were based on 
estimates from the results of previous study by 
Traoré (2020). Two litres of each disinfection 
solution including tap water were poured in a 
clean (washed with household soap) plastic 
container.

Disinfection procedure
The disinfection method tested in this study 
was based on three consecutive washing 
protocol recommended for vegetables in 



Mali (MHS, 2005). Hundred grams of each 
composite lettuce leaves from each farm 
were washed in two litres tap water for one 
minute, followed by immediate immersions 
in respective disinfection solutions at specific 
contact time depending on the concentration 
and finally rinsed in two litres tap water for 
one minute. The high, intermediate and low 
concentration of disinfection solutions were 
exposed for 5, 10 and 15 min, respectively.  
Disinfection with tap water was equally 
tested at 5, 10 and 15 min. Faecal coliform 
populations colony-forming unit/100 g 
(CFU/100 g) in each lettuce sample as well 
as qualitative assessment for Salmonella 
spp. were determined before (unwashed) and 
immediately after disinfection. All disinfection 
procedures were done in LaboREM-Biotech, 
Faculty of Sciences and Techniques, University 
of Sciences, Techniques and Technologies of 
Bamako at approximately 25 ± 3°C.
Faecal coliform populations were determined 
by the method of NFV 08 060 (2009). This 
consisted of weighing 100 g of lettuce (crushed) 
in 1000 ml of sterile buffered saline solution 
and shaken vigorously for two minutes. A serial 
dilution was performed in tubes containing the 
buffered solution and two copies of the broth 
inoculated from each dilution on Petri dish 
containing Eosin Methylene Blue media and 
incubated at 44.5°C for 24–48 h. The number 
of colonies were counted in each Petri dish and 
the number of bacteria evaluated as CFU/100 
g of sample.
Escherichia coli populations was determined 
by the method of ISO 16649-2 (2019) and 
Salmonella spp. by the method of ISO 6579-
1 (2017). The method of isolation of pure 
cultures described in Bergey's manual of 
systematic bacteriology (Holt, 1986) for the 
isolation of pure cultures from a mixture of 

Traoré et al: Efficiency of washing treatments in reducing microbial levels on lettuce in Bamako              66

species were strictly followed. Escherichia coli 
and Salmonella spp. cultures from different 
samples were used in this study. Positive 
cultures of Tryptone Bile X-glucoronide 
(blue colonies) were selected for estimating 
populations of E. coli in lettuce samples. In 
the case of identification of Salmonella spp., 
the mother suspension was incubated for 24 h 
at 37ºC, and then one millilitre of the solution 
was put into 10 ml of the sterile Rappaport-
Vassiliadis Salmonella Enrichment Broth 
prepared and incubated for 24 h. Subsequent 
to the second incubation, 100 μl of the 
solution was seeded on Hektoen agar medium 
(HEKT-D) and incubated for another 24 h. 
The positive colonies on HEKT-D (white 
colonies with black centers) were seeded on 
Triple Sugar Iron agar medium. From each 
positive culture of E. coli or Salmonella, the 
isolates were purified by selecting a colony 
and leaving streaks on the selective medium 
at least three times and incubating the dish at 
44ºC for E. coli and 37ºC for Salmonella for 
24–48 h. The purity of E. coli and Salmonella 
spp. colonies was confirmed after incubation 
of their respective dishes by Gram staining. 
After confirmation of the Gram reaction, a 
few colonies were mixed in five millilitres 
of a sterile buffered saline solution, and the 
suspension distributed in the tanks of the 
Analytical Profile Index (API 20E) gallery 
and incubated for 24 h for biochemical 
confirmation. The results were interpreted 
using the catalogue and confirmed by the 
identification software.
Following the results obtained from this 
experiment, bleach (0.00285 ppm)/vinegar 
(0.00285 ppm) combination disinfection was 
also tested at 15 min using the same protocol 
above. The entire experiment was repeated 
three times with fresh composite lettuce 



samples (from the same study area in Bamako) 
for the second and third repetitions. The mean 
faecal coliform populations on lettuce before 
disinfection for the three experiments was 4.5 
log CFU/100 g and its corresponding E. coli 
populations were 2.8 CFU/100 g. Salmonella 
spp. was present in lettuce samples in all 
experiments before disinfection.

Data handling and analysis
The reduction of faecal coliforms populations 
(CFU/100 g) on each lettuce sample after 
disinfection relative to unwashed lettuce 
was calculated. Faecal coliform and E. coli 
populations data were log-transformed and 
subjected to ANOVA. Where statistical 
difference was found, means were separated 
using Turkey’s HSD test (P < 0.05). All 
analyses were conducted in GenStat 11th 
Edition.
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Results 

Efficiency of common disinfection methods on 
faecal coliform level on lettuce irrigated with 
untreated river water from farms in Bamako
Two-way ANOVA for mean faecal coliform 
populations showed no interaction between 
contact time and disinfectant (F (8, 44), P = 
0.988), however, individual effects were 
significant (contact time, F (2, 44), P ˂ 0.001; 
disinfectant F (4, 44), P ˂ 0.001).
At all contact times, the mean log reduction of 
faecal coliform populations on lettuce did not 
vary amongst bleach, potassium permanganate, 
vinegar and common salt regardless of the 
concentration and ranged between 2.4–3.5 log 
CFU/100 g (Table 1). Mean faecal coliform 
populations reduction in tap water at 15 min 
(1.9 log CFU/100 g) was not significantly 
different from all disinfectants at all contact 

TABLE 1
Faecal coliform populations and log reduction on lettuce cultivated using untreated water from river in Bamako 

and washed with some vegetable disinfectants at different contact 

Contact 
time (min) Vegetable disinfectant (ppm)

Mean 
faecal coliforms 
(CFU/100 g)

Mean log reduction 
of faecal coliforms 
(CFU/100 g)

Unwashed 4.5 -

5

Tap water 3.2c 1.3c

NaClO (0.00855) 2.0abc 2.5abcd

KMnO4 (510) 1.6abc 2.9ab

Vinegar (0.00855) 2.1abc 2.4abc

NaCl (1500) 2.1abc 2.4abc

10

Tap water 2.9bc 1.6bc

NaClO (0.00570) 1.7abc 2.8abc

KMnO4 (340) 1.5ab 3.0ab

Vinegar (0.00570) 1.8abc 2.7abc

NaCl (1000) 1.7abc 2.8abc

15

Tap water 2.6abc 1.9abc

NaClO (0.00285) 1.0a 3.5a

KMnO4 (170) 1.2a 3.3a

Vinegar (0.00285) 1.3ab 3.2a

NaCl (500) 1.1a 3.4a

NaClO (0.00143)/Vinegar (0.00143) 1.7abc 2.8abc

Means within column followed with different letter are significantly different (Turkey’s HSD test P < 0.05)



times. Mean faecal coliform populations 
reduction in bleach (0.00285 ppm), salt (500 
ppm), potassium permanganate (170 ppm) 
and vinegar (0.00285 ppm) at 15 min was 
significantly higher than tap water disinfection 
at 5 and 10 min. The log reductions of faecal 
coliform population in tap water at 5, 10 and 15 
min ranged from 1.3–1.9 log CFU/100 g and 
did not differ significantly (P ˂ 0.05). Bleach/
vinegar combination (0.00143 ppm/0.00143 
ppm) applied for 15 min reduced faecal 
coliform populations by 2.8 log CFU/100 g.

Efficiency of common disinfection methods on 
E. coli populations on lettuce irrigated with 
river water from farms in Bamako
Two-way ANOVA for mean E. coli populations 
showed that main effects (contact time (F (2, 

44), P ˂ 0.001); and disinfectant (F (4, 44), P = 
1.000) as well as their interaction (contact 
time × disinfectant (F (8, 44), P = 1.000) were 

not significantly different. Escherichia coli 
populations after disinfection ranged between 
2.0–2.1 log CFU/100 g (Table 2). Bleach/
vinegar combination completely eliminated E. 
coli populations on lettuce samples at 15 min.

Efficiency of common disinfection methods on 
Salmonella spp. on lettuce irrigated with river 
water from farms in Bamako
There was complete disinfection of Salmonella 
spp. on lettuce samples with disinfectants at 
all contact times.

Discussion

All disinfectants tested in this study reduced 
faecal coliform populations on lettuce, but 
could not completely eliminate them. This 
finding is in agreement with those of several 
other researchers where the use of similar 
disinfectants even at higher concentrations 
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TABLE 2
E. coli populations and reduction on lettuce cultivated using untreated water from river in Bamako and washed 

with some vegetable disinfectants at different contact 

Contact 
time (min) Vegetable disinfectant (ppm)

Mean E. coli 
populations 
(CFU/100 g) 

Mean reduction of 
E. coli populations 
(CFU/100 g)

Unwashed 2.8 -

5

Tap water 0.8 2.0
NaClO (0.00855) 0.7 2.1
KMnO4 (510) 0.7 2.1
Vinegar (0.00855) 0.7 2.1
NaCl (1500) 0.7 2.1

10

Tap water 0.7 2.1
NaClO (0.00570) 0.7 2.1
 KMnO4 (340) 0.7 2.1
Vinegar (0.00570) 0.8 2.0
NaCl (1000) 0.8 2.0

15

Tap water 0.7 2.1
NaClO (0.00285) 0.7 2.1
KMnO4 (170) 0.7 2.1
Vinegar (0.00285) 0.7 2.1
NaCl (500) 0.7 2.1
NaClO (0.00143)/Vinegar (0.00143) 0.0 2.8

No significant difference (P > 0.05) was found amongst disinfectants at all contact times
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could not completely eliminate faecal 
coliform on lettuce and other vegetables (Pan 
and  Nakano, 2014; Petri et al., 2015; Van 
Haute et al., 2017; Woldetsadik et al., 2017; 
Bencardino et al., 2018; Bhilwadikar et al., 
2019; Pourzamani et al., 2019). The high 
log reductions in faecal coliform populations 
obtained with some of the disinfectants, 
particularly, bleach and potassium 
permanganate (2.5–3.5 log CFU/100 g) 
could be due to the three consecutive 
washing system used in the present study. 
Disinfection with tap water at 15 min was as 
effective as the other sanitisers at all contact 
times. Clean water is well known to flash 
out some microorganisms from vegetables 
(Pan and Nakano, 2014; Dao et al., 2018; 
Subramanya et al., 2018; Bhilwadikar et al., 
2019). For instance, Subramanya et al. (2018) 
demonstrated a significant reduction of the 
faecal coliform populations on vegetables 
after three consecutive washing in sterile 
distilled water (1.6 × 107–5.8 × 103 CFU/ml). 
Almost 100-fold reduction was even achieved 
following the first wash. Additionally, tap 
water contains chlorine with concentrations of 
0.2–1.0 mg/l (WHO, 2003) which could also 
disinfect microorganisms. 
Nevertheless, complete elimination of 
microorganisms on raw vegetables is desired. 
This, therefore, could require increasing the 
concentration or contact time. However, 
increasing the concentration or contact time 
in other studies affected the quality, shelf-life 
and chemical content of vegetables (Botondi 
et al., 2015; Park and Kim, 2015; Rodoni et 
al., 2015; Bridges et al., 2018; Brodowska 
et al., 2018; Lee et al., 2018; Bhilwadikar et 
al., 2019; Gehringer and Kaletunç, 2020). In 
the present study, potassium permanganate 
at the lowest concentration (recommended 

concentration) caused purpled discoloration 
on the middle portion of the lettuce leaves. 
This discoloration was also observed on entire 
young leaves in the highest concentration. 
These reasons, coupled with its scarcity in Mali 
could explain why only 3–11% of vegetable 
consumers used this disinfectant compared to 
bleach (73–87%) which is readily available 
(Traoré, 2020). On the contrary, none of the 
tested concentrations of bleach or remaining 
disinfectants affected the physical quality of 
lettuce in the study. Traoré et al. (2013) using 
2.6 mg/l of bleach for 15 min at almost a 
1000-fold increase of the lowest concentration 
in this study, obtained complete disinfection 
of lettuce which did not affect its quality and 
the chlorine residues on the produce was less 
than the maximum acceptable value (5 mg/l) 
in drinking water (WHO, 2017b). Therefore, 
it would be worthwhile investigating the 
efficacy of this high concentration on a larger 
scale by consumers using the disinfection 
procedure employed in this study.
Vinegar and sodium chloride also had at least 2 
log reductions in faecal coliforms populations, 
which is in agreement with findings of Amoah 
et al. (2007) and Woldetsadik et al. (2017). 
Between these aforementioned disinfectants, 
sodium chloride (salt) is less expensive, 
safer and readily available, so further studies 
should consider varying the highest tested 
concentration and contact time to determine if 
complete disinfection can be obtained.
The combination of bleach and vinegar at low 
concentrations (0.00143 ppm/0.00143 ppm) 
applied for 15 min reduced faecal coliform 
populations and completely eliminated E. 
coli and Salmonella spp. on lettuce. These 
results suggest that it is possible to have 
complete disinfection with a slightly higher 
concentration of this disinfectant mixture. 



However, several authors (Chauhan et al., 
2008; O’Malley et al., 2019; Morim and 
Guldner, 2020) have highlighted the dangers in 
combining bleach and vinegar as disinfectant 
even as a surface cleanser. Combining 
bleach and vinegar produces chlorine gas, 
an asphyxiant, which upon inhalation at low 
concentrations (1–3 ppm), causes difficulties 
in breathing, irritation of oral mucosa and 
eyes, while exposures at higher concentrations 
(≥ 430 ppm) can cause death within 30 min 
(Chauhan et al., 2008; Morim and Guldner, 
2020).
It can be inferred from this study that 
disinfection of lettuce before consumption 
could be a crucial point for health risk 
reduction in Mali. The suggestion of Murray 
et al. (2017) for multiple intervention 
approach from production of vegetable prior 
to consumption could be the most effective in 
preventing vegetable contamination compared 
to sole disinfectants. In Mali, the main sources 
of microbial contamination on vegetables are 
from the farms, with irrigation water, soil 
and manure contributing the largest (Samaké 
et al., 2011; Traoré et al., 2013; Dia, 2017; 
Traoré, 2020). Controlling these sources of 
contamination is difficult in the short to medium 
term for municipal authorities and vegetable 
producers due to high cost. Treating irrigation 
water with disinfectants (particularly bleach) 
in addition to disinfection of lettuce prior to 
consumption could be critical in reducing the 
potential risks associated with its consumption 
and should therefore be prioritised.

Conclusions

All chemical disinfectants including tap water 
at 15 min reduced faecal coliform populations 
below the undesirable ICMSF (2011) level 
(1000 CFU/100 g wet weight). The low, 

intermediary and high concentrations of all 
chemical disinfectants (bleach, potassium 
permanganate, vinegar, common salt and 
bleach/vinegar) applied for 5, 10 and 15 
min respectively, reduced faecal coliform 
populations on lettuce by 2.4–2.9, 2.7–3.0 
and 2.8–3.5 log CFU/100 g. Reductions in 
faecal coliform populations on lettuce with 
tap water were 1.3, 1.6 and 1.9 log CFU/100 g 
at 5, 10 at 15 min respectively. Reductions in 
faecal coliform populations on lettuce with tap 
water at 15 min were similar to the chemical 
disinfectants. All chemical disinfectants and 
tap water, reduced E. coli populations on 
lettuce and completely eliminated Salmonella 
spp. on lettuce regardless of the concentration 
and contact time. Bleach/vinegar combination 
at 15 min reduced faecal coliform populations 
on lettuce by 2.8 log CFU/100 g and completely 
eliminated E. coli and Salmonella spp.

Recommendations

MHS should investigate the efficacy of their 
two recommended vegetable disinfectant, 
particularly bleach at higher concentration and 
on a larger scale. The disinfection methods 
tested in this study should be evaluated by 
food vendors and restaurateurs to determine 
its efficacy on lettuce and other raw eaten 
vegetables on a large scale. Sensory analysis 
following the disinfection methods should 
also be done.

Acknowledgments

The authors thank Borlaug Higher Education 
for Agricultural Research and Development 
(BHEARD) for their scholarship and 
International Foundation for Science (IFS) 
and Organisation of Islamic Cooperation’s 
Standing Committee on Scientific and 

Traoré et al: Efficiency of washing treatments in reducing microbial levels on lettuce in Bamako              70



Technological Cooperation (COMSTECH) 
additional funds for this study.

References

Amoah, P., Drechsel, P., Abaidoo, R. C. and 
Klutse, A. (2007). Effectiveness of common 
and improved sanitary washing methods 
in selected cities of West Africa for the 
reduction of coliform bacteria and helminth 
eggs on vegetables. Tropical Medicine and 
International Health, 12(2): 40–50. https://
doi.org/10.1111/j.1365-3156.2007.01940.x

Amoah, P., Pay Drechsel, P., Abaidoo, R. 
C. and Abraham, E. M. (2009, November 
10–12). Improving food hygiene in Africa 
where vegetables are irrigated with polluted 
water. West Africa regional sanitation and 
hygiene symposium, Accra, Ghana.

Bellwood-Howard, I., Häring, V., Karg, H., 
Roessler, R., Schlesinger, J. and Shakya, 
M. (2015). Characteristics of urban and peri-
urban agriculture in West Africa: Results of 
an exploratory survey conducted in Tamale 
(Ghana) and Ouagadougou (Burkina Faso) 
(Working Paper 163). International Water 
Management Institute, Colombo, Sri Lanka.

Bencardino, D., Vitali, L. A. and Petrelli, 
D. (2018). Microbiological evaluation of 
ready-to-eat iceberg lettuce during shelf-
life and effectiveness of household washing 
methods. Italian Journal of Food Safety, 
7(1): 6913–6917. https://doi.org/10.4081/
ijfs.2018.6913

Bhilwadikar, T., Pounraj, S., Manivannan, 
S., Rastogi, N. K. and Negi, P. S. (2019). 
Decontamination of microorganisms and 
pesticides from fresh fruits and vegetables: 
A comprehensive review from common 
household processes to modern techniques. 
Comprehensive Reviews in Food Science 

and Food Safety, 18(4): 1003–1038. https://
doi.org/10.1111/1541-4337.12453

Botondi, R., De Sanctis, F., Moscatelli, 
N., Vettraino, A. M., Catelli, C. and 
Mencarelli, F. (2015). Ozone fumigation 
for safety and quality of wine grapes in 
postharvest dehydration. Food Chemistry, 
188: 641–647. https://doi.org/10.1016/j.
foodchem.2015.05.029

Bridges, D. F., Rane, B. and Wu, V. C. (2018). 
The effectiveness of closed-circulation 
gaseous chlorine dioxide or ozone treatment 
against bacterial pathogens on produce. 
Food Control, 91: 261–267. https://doi.
org/10.1016/j.foodcont.2018.04.004

Brodowska, A. J., Nowak, A. and Smigielski, 
K. (2018). Ozone in the food industry: 
Principles of ozone treatment, mechanisms 
of action, and applications: an overview. 
Critical Reviews in Food Science and 
Nutrition, 58(13): 2176–201. https://doi.org/
10.1080/10408398.2017.1308313

Chauhan, S., Chauhan, S., D'Cruz, R., 
Faruqi, S., Singh K. K., Varma, S., Singh, 
M. and Karthik, V. (2008). Chemical 
warfare agents. Environmental Toxicology 
and Pharmacology, 26(2): 113–122. https://
doi.org/10.1016/j.etap.2008.03.003

Coulibaly-Kalpy, J., Agbo, E. A., Dadie, T., 
A. and Dosso, M. (2017). Microbiological 
quality of raw vegetables and ready to eat 
products sold in Abidjan (Côte d’Ivoire) 
markets. African Journal of Microbiology 
Research, 11(5): 204–210. https://doi.
org/10.5897/AJMR2016.8427 

 Dao, J., Stenchly, K., Traoré, O., Amoah, 
P. and Buerkert, A. (2018). Effects of 
water quality and post-harvest handling 
on microbiological contamination of 
lettuce at urban and peri-urban locations 
of Ouagadougou, Burkina Faso. Foods, 

71                       West African Journal of Applied Ecology, vol. 28(2), 2020



Traoré et al: Efficiency of washing treatments in reducing microbial levels on lettuce in Bamako              72

7(12): 206–218. https://doi.org/10.3390/
foods7120206 

 Dia, S. (2017). Contrôle de la qualité 
bactériologique et toxicologique de la laitue 
vendue en commune I du District de Bamako, 
Mali [Unpublished Master’s thesis]. 
Université des Sciences, des Techniques et 
des Technologies de Bamako. 

Gehringer, R. A. and Kaletunç, G. (2020). 
Chlorinated water sanitation of leafy green 
vegetables for fresh produce processors. 
Ohioline. https://ohioline.osu.edu/factsheet/
aex-262

Hayes, P. R. (1995). Food microbiology and 
hygiene. Springer, Berlin, Germany. 

Holt, J. G. (1986). Bergey's manual of 
systematic bacteriology. The Williams and 
Wilkins Company.

ICMSF (International Commission on 
Microbiological Specifications for Foods), 
(2011). Microorganisms in foods 8: use 
of data for assessing process control and 
product acceptance. Springer.

International Organization for 
Standardization (ISO 16649–2) (2019). 
Microbiology of food and animal feeding 
stuffs−horizontal method for the enumeration 
of beta-glucuronidase-positive Escherichia 
coli−Part 2: Colony-count technique at 44 
°C using 5-bromo-4-Chloro-3-indolyl beta-
D-glucuronide. International Organization 
for Standardization.

International Organization for 
Standardization (ISO 6579-1) (2017). 
Microbiology of the food chain: Horizontal 
method for the detection, enumeration 
and serotyping of Salmonella — Part 1: 
Detection of Salmonella spp. International 
Organization for Standardization. 

Lee, H., Beuchat, L. R., Ryu, J. H. and 
Kim, H. (2018). Inactivation of Salmonella 

typhimurium on red chili peppers by 
treatment with gaseous chlorine dioxide 
followed by drying. Food Microbiology, 
76: 78–82. https://doi.org/10.1016/j.
fm.2018.04.016

Karg, H. and Drechsel, P. (2018). Atlas of 
West African urban food systems: Examples 
from Ghana and Burkina Faso. International 
Water Management Institute, Colombo, Sri 
Lanka. 

Kumwenda, S. (2019). Challenges to hygiene 
improvement in developing countries. In the 
relevance of hygiene to health in developing 
countries. Eds. N. Potgieter and A. N. Traore. 
Pp. 5–23. IntechOpen, Venda, South Africa.

MHS (Mali Health Service), (2005). 
Disinfection of vegetables. Hygienic branch, 
Bamako, Mali.

Morim, A. and Guldner, G. T. (2020). 
Chlorine gas toxicity. Treasure Island 
(FL): StatPearls, Florida, United States of 
America. 

Murray, K., Wu, F., Shi, J., Xue, S. J. and 
Warriner, K. (2017). Challenges in the 
microbiological food safety of fresh produce: 
Limitations of post-harvest washing and the 
need for alternative interventions. Food 
Quality and Safety, 1(4): 289–301. https://
doi.org/10.1093/fqsafe/fyx027

Norme Française (NFV 08 060) (2009). 
Microbiology of food and animal feeding 
stuffs: Enumeration of thermotolerant 
coliforms by colony count technique at 44°C. 
Association Francaise de Normalisation, Pp. 
1-10.

O'Malley, G. F., Bassett, R. and Boroughf, 
W. J. (2019). Chlorine toxicity. Medscape. 
https://emedicine.medscape.com/article/-
overview

Pan, X. and Nakano, H. (2014). Effects of 
chlorine-based antimicrobial treatments on 



the microbiological qualities of selected leafy 
vegetables and wash water. Food Science 
and Technology Research, 20(4): 765–774. 
https://doi.org/10.3136/fstr.20.765.

Park, M. H. and Kim, J. G. (2015). Low-
dose UV-C irradiation reduces the microbial 
population and preserves antioxidant 
levels in peeled garlic (Allium sativum 
L.) during storage. Postharvest Biology 
and Technology, 100: 109–12. https://doi.
org/10.1016/j.postharvbio.2014.09.013

Petri, E., Rodríguez, M. and García, S. 
(2015). Evaluation of combined disinfection 
methods for reducing Escherichia coli 
O157:H7 populations on fresh-cut 
vegetables. International Journal of 
Environmental Research and Public Health, 
12(8): 8678–8690. https://doi.org/10.3390/
ijerph120808678

Pourzamani, H., Kadkhodaei, N., Fadaei, 
S., Taheri, E., Bagheri, R., Manesh, R. 
M., Yusefi, H., Hatamzadeh, M., Majidi, 
S. and Nahidan, M. (2019). Alternative 
disinfection methods use to control of 
microbial quality and shelf-life of raw 
eaten vegetables (case study). International 
Journal of Health Studies, 4(3): 33–38. 
https://doi.org/10.22100/ijhs.v4i3.598 

Rodoni, L. M., Zaro, M. J., Hasperué, 
J. H., Concellon, A. and Vicente, A. 
R. (2015). UV-C treatments extend the 
shelf life of fresh-cut peppers by delaying 
pectin solubilization and inducing local 
accumulation of phenolics. LWT- Food 
Science and Technology, 63(1): 408–14. 
https://doi.org/10.1016/j.lwt.2015.03.042

Samaké, F., Babana, A. H., Yaro, F., Cissé, 
D., Traoré, I., Kanté, F., Koné, S., Diallo, 
S., Touré, O., Sako, M. and Iknane, 
A. G. (2011). Risques sanitaires liés à la 
consommation des produits cultivés dans 

la zone urbaine et périurbaine de Bamako. 
Mali Santé Publique, 1(001): 27–31.

Somda, M., Samake, S., Kabore, D., 
Nikiema, M., Mogmenga, I., Dabire, Y., 
Ouattara, A., Keita, I., Mihin, H., Akakpo, 
A. and Traore, A. (2019). Assessment 
of heavy metals and microbial pollution 
of lettuce (Lactuca sativa) cultivated 
in two sites (Paspanga and Tanghin) of 
Ouagadougou, Burkina Faso. Journal of 
Environmental Protection, 10: 454–471. 
https://doi.org/10.4236/jep.2019.103026

Subramanya, S. H., Pai, V., Bairy, I., Nayak, 
N., Gokhale, S. and Sathian, B. (2018). 
Potassium permanganate cleansing is an 
effective sanitary method for the reduction 
of bacterial bioload on raw Coriandrum 
sativum. BioMed Central Research Notes, 
11(1): 124. https://doi.org/10.1186/s13104-
018-3233-9 

Tounkara, M., Diarra, S., Maiga, O., 
Sangare, H., Diawara, S. I., Diawara, F., 
Sangho, H., Iknane, A. A. and Doumbia, S. 
(2019). Food Security in Mali. Desk Review. 
The United States Agency for International 
Development (USAID), Research Technical 
Assistance Center: Washington, DC. 
https://www.rtachesn.org/wp-content/
uploads/2019/12/Food-Security-Desk-
Review_ENGLISH_Final_508-1.pdf 

Traoré, S. (2020). Microbial and chemical 
contamination of irrigated lettuce (Lactuca 
sativa L.) in some urban and peri-urban areas 
in Mali. [Unpublished doctoral dissertation]. 
University of Ghana.

Traoré, S., Samaké, F. and Babana, A. H. 
(2018, July 22–27). Evaluation de la charge 
microbiologique et physicochimique des 
légumes issus des sites de grande production 
maraichère du Mali [Paper presentation]. 
Malian Symposium for Applied Science, 

73                       West African Journal of Applied Ecology, vol. 28(2), 2020



Bamako, Mali.
Traoré, S., Samaké, F., Babana, A. H., 

Traoré, D., Sanogo, Y. and Maiga, K. 
(2013). Evaluation of the effectiveness of 
bleach on microbial populations of lettuce. 
Scientific Journal of Microbiology, 2(9): 
166–173. https://doi.org/ 10.14196/sjm.
v2i9.950

Van Haute, S., Tryland, I., Escudero, C., 
Vanneste, M., I. and Sampers, I. (2017). 
Chlorine dioxide as water disinfectant 
during fresh-cut iceberg lettuce washing: 
Disinfectant demand, disinfection efficiency, 
and chlorite formation. LWT-Food Science 
and Technology, 75: 301–304. https://doi.
org/10.1016/j.lwt.2016.09.002

WHO (World Health Organization), 
(2003). Chlorine in drinking-water 
background document for development of 
WHO Guidelines for drinking-water quality. 
https://www.who.int/water_sanitation_
health/dwq/chlorine.pdf

WHO (World Health Organization), 

(2017a). Progress on drinking water, 
sanitation and hygiene. Update and 
SDG Baselines (Progress report). 
https://apps.who.int/iris/bitstream/hand
le/10665/258617/9789241512893-eng.
pdf?sequence=1

WHO (World Health Organization), 
(2017b). Principles and practices of 
drinking-water chlorination: A guide to 
strengthening chlorination practices in 
small- to medium-sized water supplies. 
https://apps.who.int/iris/bitstream/hand
le/10665/255145/9789290225362-eng.
pdf?sequence=5&isAllowed=y

Woldetsadik, D., Drechsel, P., Keraita, B., 
Itanna, F., Erko, B. and Gebrekidan; H. 
(2017). Microbiological quality of lettuce 
(Lactuca sativa) irrigated with wastewater 
in Addis Ababa, Ethiopia and effect of green 
salads washing methods. International 
Journal of Food Contamination, 4(3). 
https://doi.org/10.1186/s40550-017-0048-8

Traoré et al: Efficiency of washing treatments in reducing microbial levels on lettuce in Bamako              74


