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ABSTRACT

Introduction: Raw hardwood vegetables are possible sources of microbiological
contamination and need to be sanitized before consumption. The different sanitizers vary
in their ability to reduce microorganisms, and chlorine, in its different forms, is widely
used in food for this purpose. Objective: To evaluate the efficacy of three different types
of commercial domestic sanitizers in the reduction of microbial load on in natura crisp
lettuce from conventional cultivation. Method: Five lots of three different chlorine-based
sanitizers used for lettuce sanitization were studied. Concentration of free chlorine and
the existence of thermotolerant coliforms and Salmonellaspp were investigated in the
lettuce samples after sanitization. Results: Only one of the evaluated sanitizers obtained
free chlorine concentration between 100 and 200 ppm. All lettuce samples showed an
absence of Salmonella sp./25 g and 60% of them had no reduction of coliform at 45°C to
acceptable levels for the product to be suitable for consumption. Conclusions: The tested
products were not effective in reducing the microbial load of lettuce to safe levels, which
may be putting the health of the consumer at risk. However, more studies are needed to
elucidate issues related to the food hygiene process.
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RESUMO

Introducdo: Hortalicas folhosas cruas sao possiveis fontes de contaminagao microbiologica
e precisam ser higienizadas antes do consumo. Os diferentes saneantes variam quanto a
sua capacidade de reducao de microrganismos, e o cloro, em suas diferentes formas,
é amplamente utilizado em alimentos para este fim. Objetivo: Avaliar a eficacia de
trés diferentes tipos de saneantes comerciais de uso doméstico na reducdo de carga
microbiana em alface crespa in natura de cultivo convencional. Método: Foram estudados
cinco lotes de trés diferentes saneantes comerciais a base de cloro utilizados para
sanitizacao de alface; avaliada a sua concentracao de cloro livre e pesquisados coliformes
termotolerantes e Salmonella spp. nas amostras de alface apos a sanitizacdo. Resultados:
Apenas um dos saneantes avaliados obteve concentracao de cloro livre entre 100 e
200 ppm. Todas as amostras de alface apresentaram auséncia de Salmonella sp./25 g e
60% delas nao tiveram reducao de coliformes a 45°C a niveis aceitaveis para que o produto
estivesse proprio para o consumo. Conclusdes: Os produtos testados ndo foram eficazes
para reduzir a carga microbiana da alface a niveis seguros, o que pode estar colocando
em risco a saude do consumidor. Contudo, mais estudos sdao necessarios para elucidar
questoes relativas ao processo de higienizacao de alimentos.
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INTRODUCTION

As street food consumption increases, the concern of the popu-
lation with its quality also increases, especially when it comes
to vegetables. Raw leafy vegetables are possible sources of
microbiological contamination mainly caused by Salmonella sp.
and Escherichia coli, but also by viruses, protozoans and hel-
minths, which may lead to Foodborne Diseases (FBD). Approxi-
mately 182 individuals died in Brazil from 2000 to 2017 because
of FBD outbreaks'.

The regular consumption of leafy vegetables is important and
recommended by government health agencies because these
vegetables are rich in dietary fiber, vitamins and minerals and
reduce the risk of chronic noncommunicable diseases like dia-
betes, cardiovascular diseases, hypertension and some types
of cancer?3.

Poor sanitary conditions in rural and urban production areas
increase the contamination of vegetables and turn them into
pathogen transmission vehicles. This microbiological contam-
ination can occur in several ways: through the use of water
contaminated by fecal matter to irrigate the vegetable garden,
untreated manure for fertilization, inadequate transport and
lack of hygiene of handlers throughout the production chain.
Therefore, vegetable contamination can occur at pre-harvest,
harvest and post-harvest and requires great care from growers*>.
In order to ensure hygienic and sanitary quality, it is important
that these vegetables undergo an adequate cleaning process,
which should be efficient to decrease the microbial load to safe
levels for consumption according to the legislation®’.

According to Collegiate Board Resolution (RDC) n. 216 of Sep-
tember 15, 20047, sanitizers are, by definition, “substances or
preparations intended for sanitization, disinfection or home
disinfestation, in collective and/or public environments, in
places of common use and in water treatment”. It is there-
fore important that a product with an antimicrobial agent can
reduce pathogenic microorganisms from the environment,
food and the hands of the handlers, without causing harm to
human health due to, for example, the ingestion of toxic sub-
stances. In other words, after direct contact with the food,
the product must not pose risks of toxicity or affect the food’s
sensory characteristics®.

Sanitizing agents vary in their ability to reduce microorganisms
depending on the physical and chemical characteristics of the
vegetable in question, the temperature and concentration of the
sanitizing solution, the amount of time they stay in contact with

the food and the type of target microorganism®. In this context,
it is fundamental to use antimicrobial agents generally recog-
nized as safe (GRAS)" with proven efficacy against microorgan-
isms like E. coli when following the label instructions about con-
tact time and dilution.

Chlorine, in its different forms, like hypochlorite and sodium
dichloroisocyanurate, is widely used for food because it has a
broad spectrum of action and reacts and destroys the micro-
bial cell membrane proteins. Sodium hypochlorite is the most
commonly used sanitizing agent because it acts fast, is easy
to use, completely dissociates in water and is cheap. Sodium
dichloroisocyanurate (NaDCC) is an organic chlorinated com-
pound marketed as an effervescent tablet or powder; it is safe
and important for food because it does not release heavy metals,
trihalomethanes or carcinogenic byproducts®.

Given this context, the present study aimed to evaluate the effi-
cacy of three different types of commercial sanitizers for reducing
microbial load in fresh crisp lettuce of conventional cultivation.

METHODS

Material

We evaluated five batches of three commercial domestic chlo-
rine-based sanitizers registered in the Brazilian Health Surveil-
lance Agency (Anvisa). We used five random samples of fresh
crisp lettuce to test the efficacy of the sanitizers as a control
parameter of the initial microbial load. We acquired these sam-
ples between September and October 2018 in stores in the city
of Rio de Janeiro, state of Rio de Janeiro (RJ), Brazil. They were
packed in sterile bags, refrigerated and immediately processed
at the Food Microbiology Laboratory of the Basic and Experimen-
tal Nutrition Department of the Nutrition Institute of the Rio de
Janeiro State University.

Sanitizing the samples

The lettuce samples were selected one by one. We discarded
the damaged ones and washed them in running drinking water
to remove surface impurities. Then, we separated them into
three different beakers. We treated each sample (following the
manufacturer’s instruction - Table 1) with commercial sanitiz-
ers, that were named A, B and C. A and B were composed pri-
marily of sodium hypochlorite and C was composed of sodium

Table 1. Information on the labels of commercial sanitizing products purchased at different stores in Rio de Janeiro, RJ.

Product Active ingredient Dilution Immersion time (minutes) Washing
A Sodium hypochlorite 15 mL/L 10 Yes
B Sodium hypochlorite 1 mL/L 15 No
C Sodium dichloroisocyanurate 100 mg/2L 15 No

A, B and C: Sanitizers of trademarks A, B and C.
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dichloroisocyanurate. As a control sample, we also performed
microbiological analyses on the samples of unwashed lettuce to
determine the baseline microbial load.

Chlorine concentration check

Chlorine concentration was determined in all batches of the
sanitizers with free chlorine indicator strips (Ecolab) to evalu-
ate the adequacy of the products after the dilution indicated
on label".

Microbiological analysis

We performed the microbiological analysis of the unwashed
(control) and sanitized lettuce samples. We looked for Salmo-
nella sp./25 g and coliforms at 45° C/g as recommended by RDC
n. 12 of January 2, 20012, following the protocol described by
the American Public Health Association (APHA)".

Salmonella spp. detection

Salmonella spp. detection was performed by the classical cul-
ture method of presence/absence. This qualitative method con-
sisted of three steps: pre-enrichment in 1% peptone water (Bac-
terial Pepton - Oxoid, LTD., Basingstoke, Hampshire, England),
selective enrichment in Rapapport Vassiliadis broth (Oxoid) and
differential selective plating on XLD Agar (Oxoid) for detection
of typical colonies.

We pre-enriched twenty-five grams of the sample in 225 mL of
1% peptone water (Oxoid) and incubated it at 35 + 2° C/24 h.
We inoculated the aliquots of the pre-enriched incubated cul-
ture into Rapapport Vassiliadis broth (Oxoid) and incubated it at
42-43° C/18 to 24 h. A cutoff of this broth was streaked on XLD
Agar (Oxoid) and incubated at 35° C +2° C/18 at 24 h.

Coliform determination at 45° C

We performed coliform determination at 45° C by the Most
Probable Number (MPN) technique. We performed the assay
in three sets of three test tubes each (3 x 3) containing cul-
ture medium in inverted Durhan tubes. We weighed 10 g of
analytical unit from each sample and homogenized it in 90 mL
of 0.1% peptone water (Oxoid) and obtained 10 dilution. We
then obtained subsequent serial decimal dilutions until the
dilution of 103 The Confirmatory Coliform Test at 45° C con-
sisted of inoculating a 1 mL aliquot of the dilutions of 10", 102
and 103 in E. coli broth (EC broth - Oxoid) and incubating it at
44.5 + 0.2° C/24 for 48 hours. We considered the tubes positive
when they presented turbidity and gas production.

Data analysis

We expressed the data obtained from microbiological analyses
in MPN/g for coliforms at 45° C and in presence/absence of Sal-
monella sp. in 25 g of the product. We described the results in
percentages and compared them with the standards established
by the legislation'.
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RESULTS AND DISCUSSION

Table 2 shows the results of the free chlorine concentration
tests of the sanitizers. All batches of each sanitizer presented
the same results regarding free chlorine concentration. In addi-
tion, only sanitizer A presented free chlorine concentration
between 100 and 200 ppm, and therefore within the recom-
mended levels® ™.

The results of the microbiological analyses have shown that 40%
of the control lettuce samples had low initial microbial load
and, after sanitization, remained with values in accordance with
current legal standards'. However, coliforms at 45° C did not
decrease to acceptable levels in 60% of the samples. Therefore,
they did not reach satisfactory sanitary conditions and were not
suitable for consumption (Table 3).

Detection analyses of Salmonella sp./25 g have shown that none
of the lettuce samples had typical colonies of Salmonella sp./25
g and, therefore, were in accordance with current legal stan-
dards (Table 3).

There is no standard for thermotolerant coliforms for fresh veg-
etables that have not been sanitized.

Santos et al.” found different results from those of the present
study. When they evaluated the efficacy of bleach to sanitize 28
lettuce samples, the microbial load of thermotolerant coliforms
decreased after three different immersion times (15, 30 and
45 minutes) and the food was suitable for consumption. These
authors also reported that they used a solution of bleach with
a concentration of 200 ppm of active chlorine as recommended
by Anvisa'®; however, this concentration was not reached by the
sanitizers analyzed in the present study.

A batch of sanitizer A and a batch of sanitizer B decreased the
coliforms at 45° C to unsafe levels. Rodrigues et al.' found similar
results when they evaluated two distinct methods of sanitizing
tomatoes, pears, grapes, apples, guava and lettuce. One of the
methods they tested consisted of using a 1% sodium hypochlorite
solution with a concentration of 100-250 ppm for 15 minutes. In
addition to other samples, those of lettuce also did not decreased
to acceptable levels according to the legislation. Specifically, in
the second test with sanitizer B, the number of coliforms found
in lettuce after the sanitation procedure increased. This was also
found in one of the analyses done by Rodrigues et al.".

A study by Ferreira et al."” about the efficacy of lettuce sanitiza-
tion with 2% sodium hypochlorite for 15 minutes and subsequent

Table 2. Free chlorine concentration test of domestic commercial
sanitizers purchased at different stores in Rio de Janeiro, RJ.

Free Chlorine Reference Standard®'*

Product

Concentration (ppm) (ppm)
A > 100 and <200
B <50 100 to 200
« <50

A, B, and C: All the batches of sanitizers A, B, and C.
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Table 3. Coliform determination at 45° C and Salmonella spp. detection in samples (control and sanitized) of fresh crisp lettuce purchased at different
stores in Rio de Janeiro, RJ.

Souza IP et al. Efficacy of comercial sanitizers on crisp lettuce

Sanitized samples Maximum limit

Tests* Microorganisms Control Sample defined by RDC
Sanitizing A Sanitizing B Sanitizing C n. 12/2001

Coliforms at 45° C (MPN/g) > 1,100 240 > 1,100 > 1,100 10?

k Salmonella sp./25 g Absent Absent Absent Absent Absent
Coliforms at 45° C (MPN/g) 14 <3 23 3.6 10%

2 Salmonella sp./25 g Absent Absent Absent Absent Absent
Coliforms at 45° C (MPN/g) 43 <3 <3 <3 102

3 Salmonella sp./25 g Absent Absent Absent Absent Absent
Coliforms at 45° C (MPN/g) > 1,100 > 1,100 > 1,100 > 1,100 102

¢ Salmonella sp./25 g Absent Absent Absent Absent Absent
Coliforms at 45° C (MPN/g) > 1,100 > 1,100 460 > 1,100 10?

> Salmonella sp./25 g Absent Absent Absent Absent Absent

A, B and C: Sanitizers of the trademarks A, B and C.
*Tests of the several batches of each sanitizer.

washing in running water has shown that the thermotolerant
coliforms load decreased compared to the samples that did not
undergo any sanitization process. This result differed from the
present study most likely because the products we used did not
reach the recommended free chlorine concentration. Moreover,
in the study by Ferreira et al."?, the initial load of thermotoler-
ant coliforms was already low and one of the samples of fresh
lettuce was within the maximum limit for ready-to-eat raw veg-
etables. This corroborates the results found in our study, once
that it was in the samples with low initial microbial load that it
decreased after the sanitization procedures.

The inefficacy of sanitizers to reduce the microbial load to
safe levels for consumption in raw vegetables that under-
went sanitization procedures has been discussed and largely
attributed to the inability of active ingredients to decrease
microbial cells'.
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