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ABSTRACT

The production and preparation of vegetables for 
consumption involve procedures that pose health 
risks to consumers. In this context the water plays an 
important role in the quality of minimally processed 
vegetables. We assessed the hygienic-sanitary quality 
of leafy vegetables and obtained data of interest 
to health surveillance agencies and public health. 
They were tested for the presence of total and faecal 
coliforms, and also parasitic protozoa and helminths. 
The vegetable samples were purchased in supermarkets 
of the Midwest of the State of Santa Catarina, Brazil. 
We performed bacteriological analyses of wash water 
samples using chromogenic substrates to obtain the 
most probable number of the coliform group at 35 °C 
and Escherichia coli.  We used Hoffman’s spontaneous 
sedimentation technique for the parasitological analysis 
in order to check the occurrence of heavy and light 
helminths eggs and protozoan cysts. The analyses 
indicated the presence of coliforms, nematodes and free-
living protozoa, except for the last wash. We concluded 
that the washing process using running water and no 
active chlorine was not efficient in reducing the load of 
microorganisms in the vegetables. Therefore, intensive 
educational programmes should be implemented by 
health authorities to encourage hygienic-sanitary 
practices and risk reduction of food-borne diseases.
Keywords:  Public Health. Vegetables. Parasitic nematodes. 
Faeces.

INTRODUCTION

Currently, the consumption of vegetables is one 
of the nutritional recommendations of the World Health 
Organization targeted at preventing and controlling chronic 
non-communicable diseases, such as obesity, cancer, 
diabetes mellitus, and cardiovascular diseases (Nascimento 
& Alencar 2014).  However, besides contributing to 
the prevention of diseases, vegetables are important for 
maintenance and development of human beings, provided 
that they feature suitable hygienic-sanitary conditions for 
consumption.

This fact is crucial, because the production and 
consumption of vegetables involves several steps that 
encompass potential risk factors for food safety (Neres et 
al., 2011). The transmission of diseases through food and 
water results predominantly from the hygienic-sanitary 
conditions in which individuals live. These conditions exert 
great influence on the transmission of parasites through the 
faecal-oral contamination cycle and their control has gained 
considerable attention throughout the world (Duedu et al., 
2014). The main form of enteroparasites contamination in 
vegetables is associated with the use of water contaminated 
by human faecal material during the irrigation of vegetable 
gardens. Other forms of contamination are those arising 
from soils contaminated with organic fertilizers made from 
animal faeces (Rangel et al., 2005; Seo & Matthews, 2012) 
and the contact between vegetables and animals, such as 
birds, mice, or insects such as flies, in addition to inadequate 
handling and transport of the vegetables (Robertson & 
Gjerd, 2001). The places where vegetables are sold also 
contribute significantly to the spread of pathogens related 
to food-borne diseases (Nascimento &Alencar, 2014). 
Therefore the quality of minimally processed vegetables 
depends on various factors. The water quality suitable for 
human use can also change in households becoming a risk 
factor for human healthy (Espinosa-García et al., 2014).

Raw vegetables are widely consumed by the 
populations; however, due to lack of minimum sanitary 
conditions, they may contain protozoan cysts and/or 
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helminths eggs and larvae, which constitute an important 
route for the transmission of enteroparasites (Robertson & 
Gjerde, 2001). Studies have shown that there is a prevalence 
of vegetables contaminated with enteroparasites and the 
coliform group (Abougrain et al., 2010; Santos et al., 2012; 
Silva & Gontijo 2012).

Bacteriological contamination of vegetables 
indicates the necessity of prophylactic measures designed 
to reduce the risk of food-borne diseases caused by the 
consumption of these products (Nascimento et al., 2003). 
The presence of coliforms is often associated with foods 
grown close to the ground or human handling during 
harvesting and processing. Escherichia coli is commonly 
present in the gastrointestinal tract of warm-blooded 
animals and is used as an indicator of faecal contamination 
(Oliver et al., 2012). Consumers, in turn, cannot assess 
visually all safety aspects when they purchase food. 
Bacteriological contamination levels are invisible and can 
only be determined by laboratory testing (Henrique et al., 
2014).

Bleach or sodium hypochlorite-based aqueous 
solutions that feature active chlorine content between 2.0 
and 2.5% and that can only contain sodium hydroxide as 
a stabilizer—is considered the most widely used sanitizing 
agent for food hygiene in Brazilian homes (Santos  et al., 
2012).  However, the variation in the concentration of 
this agent during the processing of vegetables may harm 
consumers’ health due to the presence of these chlorinated 
derivatives (Nascimento et al., 2003). Therefore, continuous 
guidance provided by health surveillance agencies can 
assist in reducing errors caused by misuse.

Safe food with zero risk does not exist, but the 
reduction of risks should be a constant goal during 
production (Forsythe, 2002). In this sense, consumers can 
only contribute to this reduction when they are fully aware 
about the risks and the measures that must be taken so that 
food intake does not represent health risk.

Therefore, with the goal of providing data of 
interest to health surveillance agencies and public health 
the present study assessed hygienic-sanitary quality 
through the analysis of bacterial and parasitological 
contamination of the following vegetable species: 
Lactuca sativa L., cichoraceae (lettuce); Nasturtium 
officinale (watercress); Eruca sativa (rocket); and 
Cichorium endivia (chicory).

METHODS

Samples
Four varieties of vegetables were purchased 

randomly from August to November 2014 in different 
supermarket chains of the Midwest of the State of Santa 
Catarina, Brazil. The samples consisted of crisphead lettuce 
heads (Lactuca sativa L., cichoraceae), rocket bunches 
(Eruca sativa), watercress bunches (Nasturtium officinale), 
and chicory heads (Cichorium endivia). Twenty-four 
vegetable samples were analysed in duplicate.

Heads or bunches were established as analytical 
units, regardless of their weight or size, with a minimum 
amount of 15 leaves per head or bunch. The criterion 
adopted was that every sample should exhibit good quality 
and organoleptic characteristics (healthy, fresh, and non-
wilted leaves, without bruising or deterioration).

Preparation of samples
Samples were prepared through the following 

procedure: each vegetable was wrapped in a plastic bag;  
400 mL of residential potable water containing 0.2-
5.0 mg/L Cl2 (Santa Catarina Company of Waters and 
Sanitation 2014) were added; then, they were agitated 
manually for 30 seconds and filtrated using filter paper 
(Mellita® No. 102); 300 mL were placed in sedimentation 
flasks (Flask 1), in order to conduct the parasitological 
analysis, and 100 mL (first wash water) were transferred 
to perform the bacteriological analyses in order to identify 
the microorganisms present in the vegetables before the 
washing process. Subsequently, we washed each head or 
bunch of vegetables by hand, leaf by leaf, with running 
water, mimicking the procedures carried out in the 
consumers’ homes.

In order to detect the presence of other 
microorganisms in the leaves of each head or bunch of 
vegetables, we washed them manually again with 800 
mL of water in a basin. The leaves of each vegetable were 
washed again one by one rubbing with a No. 16 flat brush 
five times on each side of the leaves. The 800 mL of water 
were distributed in two flasks in equal volumes, and 4 
mL of sodium hypochlorite solution (200 ppm of active 
chlorine) were added to one of the flasks and the two flasks 
were left to stand for 30 minutes. Subsequently, 100 mL 
from flask 2 (without active chlorine) were considered 
second wash water, and 100 mL from flask 3 (with 200 ppm 
of active chlorine) were considered third wash water. The 
wash water samples were subjected to bacteriological and 
parasitological analysis.

Bacteriological and parasitological analysis
Bacteriological analyses assessed bacteria of the 

coliform group, including assessment of E. coli performed 
with the wash water samples. We placed 100 mL of the 
first, second and third wash water samples into sterile 
flasks, and treated the third sample with active chlorine. 
Bacteriological analyses were carried using chromogenic 
substrates  (Colilert®, IDEXX Laboratories Inc.) validated 
by AOAC International (Association of Official Analytical 
Chemists) method 991.15 (AOAC, 2007), whose culture 
medium contains the compound 4-ethylumbelliferyl-β-D-
glucuronide (MUG). The indicator of contamination was the 
most probable number (MPN) of total coliforms (35 °C/100 
mL) and the presence of E. coli for 24 hours/100 mL.

This technique is accurate, because it identifies the 
presence of E. coli specifically, without false-positive results 
for Klebsiella pneumoniae, thus eliminating the subjective 
interpretation of traditional methods by detecting a single 
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coliform or E. coli per sample. To that end, a Colilert® 
single-unit dose was diluted for every 100 mL of the first, 
second, and third wash water samples, homogenised and 
transferred into a Quant-Tray®/2000 that provides the 
maximum MPN count of 2,419/100 mL without dilution. 
The panels were sealed and incubated for 24 hours at 35°C. 
The reading was performed counting the yellow cavities 
relating to the number of total coliforms, and the yellow and 
fluorescent under UV light (365 nm) relating to the number 
of E. coli to obtain the MPN according to the reading in the 
table provided by the manufacturer.

In order to perform the parasitological analysis—
which aimed at observing the occurrence of heavy and 
light helminths eggs and protozoan cysts—we used the 
remaining 300 mL of water from the three flasks. We 
used Hoffman’s spontaneous sedimentation technique 
(Neves,  2005),  according to which the flasks containing 
the samples were left to stand for 24 hours. After 24 hours, 
we transferred aseptically 10 mL of each sample settled in 
the flasks to be centrifuged at 2500 rpm for three minutes. 
The supernatant was discarded and an aliquot of sediment 
(50 µL) was transferred to a glass slide, adding a drop of 
Lugol’s solution and covering with cover slip for subsequent 
microscopic analysis. Each sediment sample was analysed 
in duplicate using an optical microscope (Nikon®) at 100 
to 400x magnification in all fields of the slides. The average 
number of organisms was obtained by the area visible under 
the maximum magnification power (per high power field, 
HPF). We took photographs (Motorola®) and sent them via 
email to be assessed by the CDC - DPD x - Centers for 
Disease Control and Prevention (USA) (CDC, 2014).

Statistical analysis
The average values obtained with the results for 

the MPN of total coliforms and E. coli were assessed 
statistically through analysis of variance (ANOVA) (type 
of vegetable x washing medium) followed by Tukey’s 
method of multiple comparisons. We used a significance 
level of 0.05 in all tests (Sigmastat 3.5).

RESULTS AND DISCUSSION

Bacteriological analyses
Considering the average values obtained (MPN/100 

mL) for total coliforms, no statistically significant difference 
was observed in the results between the wash waters of 
the different types of vegetables (p = 0.119). Statistically 
significant difference was observed between washing phases 
(p ≤ 0.001) (Table 1); however, there was no significant 
interaction between type of vegetable and medium (p = 
0.148). The presence of coliform group bacteria includes 
microorganisms associated with inadequate hygienic-
sanitary conditions, since the presence of these agents is 
indicative of possible faecal contamination (Cheeptham & 
Lal, 2010). Therefore, this contamination can be associated 
with pathogens that cause direct health risk to consumers 
(Franco, 2005).

With respect to faecal coliforms including E. coli, 
we observed statistically significant interaction between 
types of vegetables and washing phases (p ≤ 0.001). Jay 
(2000) conducted a study using two-year data relating to 
the presence of coliforms and faecal coliforms and found 
that some ready-to-eat vegetables, including lettuce, 
contained from 103 to almost 104 UFC/100g in each group, 
10% of the coliforms were faecal type and the four genera 
of the coliform group were present. On the other hand, 
based on several research records, Brandl and Amundson 
(2008) found that lettuce had already been among the green 
leafy vegetables (not including coriander or parsley) most 
often associated with epidemic outbreaks in the United 
States, and E. coli O157: H7 had been the most common 
etiological agent.

In the present study, we found that the vegetables 
with smaller leaves, such as rocket, watercress, and 
chicory, exhibited a greater amount of total and faecal 
coliforms in the first two wash waters compared with 
lettuce. This way, it can be affirmed that vegetables with 
less complex morphologies, such as chicory and lettuce, 
have less adhesion of faecal coliforms—including E. coli—
than vegetables like rocket and watercress. All vegetable 
samples exhibited lower total coliforms count after the 
manual washing procedure, with the following ascending 
order: chicory < lettuce < rocket < watercress. As observed 
in waters with 200 ppm of active chlorine (third wash), this 
contamination was eliminated; however, it was not possible 
to determine whether the depletion of bacteria occurred 
after 30-minute action of chlorine or within the 24 hours, 
i.e., the period determined by the methodology used.

The assessment of hygienic-sanitary quality of 
vegetables, including salad vegetables served in some 
restaurants in the State of Santa Catarina, Brazil, indicated 
the presence of total and faecal coliforms, even though 
these vegetables had already been sanitised and were ready 
for consumption (Zanoni & Gelinski, 2013). Despite the 
lack of federal standards for levels of total coliforms in 
vegetables, contamination occurs and represents deficient 
hygienic-sanitary conditions (Takayanagui et al., 2001).

According to Beuchat et al. (2001), washing of 
lettuce leaves reduces mechanically up to 90% of the 
microbial load. In the present study, the vegetables were 

Table 1. Average values of total coliforms count (MPN*/100 
mL).

Water
samples

Vegetables

Rocket Chicory Watercress Lettuce

1st wash 1.48x10³
A

1.48x. 10³
A

1.48 x10³
A

1.25x 10³
A

2nd wash 1.10 x. 10³
B

0.21x10³
B

1.40x10³
B

0.54 x10³
B

3rdwash 0
C

0
C

0
C

0
C

Note. * = most probable number; different capital letters in the same 
column indicate statistically significant differences between the different 
washing  steps. Significance level a=0.05.
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submitted to manual washing in running water, but only the 
chicory wash water samples exhibited 90% of microbial 
population reduction (total coliforms). The lettuce wash 
water samples exhibited reduction of 56% and watercress 
and rocket wash water samples exhibited reduction of 
approximately 30%.

The average values obtained for faecal coliforms 
with presence of E. coli (Table 2) exhibited statistically 
significant interaction between types of vegetables and 
wash waters (p ≤ 0.001). There was also significant 
decrease in the MPN/100 mL of faecal coliforms with the 
presence of E. coli between the first, second, and third wash 
waters. This is best seen in Figure 1 that shows the Log 
reduction of coliforms after 1st and 2nd water washes and 
total elimination after washing with chlorinated water (3rd 
wash). Contamination was not detected in waters with 200 
ppm of active chlorine (third wash); however, it was not 
possible to determine whether the depletion of bacteria 
occurred after 30-minute action of chlorine or within the 34 
hours, i.e., the period determined by the methodology used.  

Figure 1.  Log reduction of faecal coliforms in leaf vegetables 
during different washing steps (active chlorine =0,5 ppm).

According to Guimarães et al. (2003) vegetables 
contaminated with faecal coliforms indicate the 
fundamental need of performing irrigation carefully. In 

addition, the contamination also suggests that there has 
been contact with human and/or animal faeces at some 
point—i.e., during harvesting, production, transport, 
storage, and handling.

Parasitological analysis
The results obtained revealed that all wash water 

samples from flasks 1 and 2 exhibited free-living nematodes 
and protozoa (Figure 2). However, the average number of 
nematodes from  flask 2 (4/HPF) was 50% lower compared 
with flask 1 (2/HPF). Based on esophageal morphology 
of nematodes, they were included in Rhabditida and 
Desmodorida Order. Thus, free-living organisms. We also 
identify as free-living the main protozoa specimens that 
were found: Ciliata Class. These results were confirmed by 
the team of CDC - DPD x - Centers for Disease Control 
and Prevention (CD 2014).  On the other hand, no parasitic 
form was found in the wash water sample from flask 3. 

Figure 2. Free-living nematodes and protozoa: (A) 
free-living protozoa; (B) free-living protozoa; (C) free-
living nematode larva. Stained with Lugol’s solution and 
displayed at 400x magnification.

Several authors have observed parasitological 
contamination of medical importance in vegetables 
consumed by the population (Soares & Cantos, 2005; 
Belinelo, 2009; Duedu et al., 2014). In contrast, the present 
study did not find parasitic forms of medical importance 
in the water used to wash the heads and bunches of the 
four vegetable varieties assessed. However, the presence of 
free-living nematodes and protozoa was not in accordance 
with the standards established by the National Health 
Surveillance Agency- ANVISA (Brazil, 1978) in Resolution 
CNNPA No. 12 of 1978 of the Brazil, which determines 
that, according to microscopic characteristics, vegetables 
should lack dirt, parasites, and larvae.

Although the free-living parasites found in the 
parasitological analysis of the vegetables assessed in 
the present study did not have medical importance, 
their presence indicate that parasitic forms find suitable 
conditions in the structure of vegetables to stay in their 
leaves, even after conventional washing. The interference 
of the structure of vegetables in the adhesion of parasitic 
forms had been previously suggested in a study conducted 
by Soares and Cantos (2006). These authors had considered 
watercress as the most propitious vegetable for the adhesion 
of protozoan cysts and helminths eggs due to its multiple 
and separate leaves with large contact area.

Prophylactic measures are necessary in order to avoid 
this type of contamination. Thus, the Health Surveillance 

Table 2. Values of faecal coliform count (MPN*/100 mLµµ) 
during washing  steps -  positive for Escherichia coli

Water
samples

Vegetables

Rocket Chicory Watercress Lettuce

1st wash 2.51x10²
Ab

0.73x10²
Abc

5.71x10² 
Aa

0.26x10²
Ac

2nd wash 0.15x10²
Ba

0.01x10²
Aa

0.48x10² 
Ba

0.08x10²
Aa

3rd wash 0
Ba

0
Aa

0
Ba

0
Aa

Note. *NMP = most probable number;  different capital letters in the same 
column indicate statistically significant differences between washing 
steps; different lowercase  letters in the same line indicate statistically 
significant differences between different leafy veetables in each washe. 
Significance level α=0.05.
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Centre of the State of São Paulo-CVS establishes that 
pre-washing should be performed to sanitize fruits and 
vegetables using running water and in an appropriate 
place. On the other hand, for complete sanitation, fruits and 
vegetables should be immersed in chlorinated solution (2.0 
to 2.5% sodium hypochlorite and/or organic chlorine, both 
at a concentration of 100 to 250 ppm) for 15 to 30 minutes 
and rinsed in clean water (São Paulo, 1999).

The absence of any kind of parasitic form in the 
samples of water from flask 3 may have resulted from the 
action of 200 ppm of active chlorine for 24 hours. This 
result is corroborated by a study conducted by Baruffaldi et 
al. (1984). Who early demonstrated that exposure of lettuce 
leaves to sodium hypochlorite disinfectant solution, at the 
concentration of 40 ppm free chlorine for 10 minutes, had 
been efficient from the parasitological point of view.

Sanitation measures should be effectively 
implemented, because several studies reinforce the existence 
of parasites in vegetables widely sold and consumed in 
different regions of the country. The results of a study 
conducted with vegetables purchased in supermarkets of 
Cuiabá, State of Mato Grosso, found that 67% of the lettuce 
was contaminated by helminths and protozoa (Alves et al., 
2013).

In fact, fresh vegetables can be contaminated from 
production, when they are irrigated, harvested, transported, 
stored, and sold (Quadros et al., 2008). Horticulturists can 
establish hygienic production practices using alternative 
methods for the control of parasites in vegetables. These 
measures include: use of gloves during harvesting; 
pre-washing of vegetables after harvesting; packaging 
and transport in closed trucks; continuing and guided 
educational activities; and parasitological tests performed 
in the individuals involved in every stage, from producers 
to consumers (Belinelo et al., 2009).

The present study assessed the occurrence of 
microbiological contamination in vegetables washed 
in running water without treatment and with treatment 
(sodium hypochlorite). The vegetables assessed are leafy 
and widely consumed in Brazil, since they are associated 
with a healthy and balanced diet. However, they are also 
recognized as vehicles of pathogens throughout the world 
(Berger et al., 2010).

CONCLUSIONS

In Brazil, the indication of using sodium hypochlorite 
in the homes or restaurants does not ensure that this 
measure is followed. Therefore, educational practices 
based on sanitation measures that provide guidance on safe 
production and consumption can be effective and important 
in reducing diseases caused by contaminated vegetables.

Manual washing of the vegetables in running water 
reduced the initial microbial load of total coliform, faecal, 
and E. coli bacteria present in the leaves. However, this 
washing procedure is not efficient to properly sanitize 
vegetables to prevent contamination with bacteria and 

parasites. Therefore, it is not able to reduce the load 
of microorganisms to minimum and safe levels for 
consumption. In this way, we suggest that health surveillance 
agencies implement measures in order to provide guidance 
on good sanitation practices (from production to marketing) 
aimed at sanitation quality of minimally processed 
vegetables, which are widely consumed and appreciated by 
the population.
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