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ABSTRACT

Introduction: Contamination of raw consumed foods such as lettuce salads is predictable
by telluric origin and improper handling in commercial establishments constituting a
possible risk to Public Health. The use of acetic fermented as antibacterial could be a
skillful mechanism to improve the quality and safety of this food. Objective: To evaluate
the microbiological quality of lettuce (Lactuca sativa) salads marketed in the city of
Duque de Caxias, RJ and the effectiveness of acetic acid lecithin as a decontaminant
Method: Lettuce salad samples were collected at four restaurants and analyzed before
and after decontamination with acetic fermented in volatile acidity (4, 5 and 6 in g.
100 mL") and concentrations of 10% and 50% the count of mesophilic aerobic bacteria,
total and thermotolerant coliforms and the presence of Salmonella spp. Results: The
analyses revealed poor quality of the samples in three restaurants (A, B, C) where,
although the presence of Salmonella spp. was not observed, there were high counts of
mesophilic aerobic bacteria and total and thermotolerant coliforms. In accordance with
legal regulations, in two establishments, the samples would be disapprove by the excess
of thermotolerant coliforms. With the use of acetic fermentation in the decontamination,
bacterial counts were reduced, allowing all the samples to present satisfactory conditions
for human consumption. There was no significant difference (p < 0.05) between the
treatments with different concentrations and acidity of acetic fermented in relation
to the untreated samples. Conclusions: Acetic fermented can be a safe and practical
alternative to improve the hygienic-sanitary quality of lettuce in raw salads, ensuring
food safety and reducing risks to human health.

KEYWORDS: Lactuca sativa; Acetic Acid; Microbiological Analysis; Decontamination; Food
Safety

RESUMO

Introdugdo: A contaminacdo de alimentos consumidos crus, como salada de alface, é
previsivel pela origem tellrica e pela manipulacdo indevida nos estabelecimentos
comerciais constituindo um possivel risco a satde publica. A utilizacdo de fermentado
acético como antibacteriano poderia ser um mecanismo habil para melhorar a qualidade
e a seguranca desse alimento. Objetivo: Avaliar a qualidade microbioldgica das saladas de
alface (Lactucasativa) comercializadas na cidade de Duque de Caxias, RJ, e a efetividade
do fermentado acético de macd como descontaminante. Método: Foram coletadas
amostras de saladas de alface em quatro restaurantes, que foram analisadas antes e
apos a descontaminacdo com fermentados acéticos em acidezes volateis (4, 5 e 6 em
g. 100 mL") e concentracdes de 10% e 50% quanto a contagem de bactérias aerdbicas
mesofilas, coliformes totais e termotolerantes e quanto a presenca de Salmonella spp.
Resultados: As analises revelaram ma qualidade das amostras em trés restaurantes (A, B,
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C) nos quais, embora nédo tenha sido constatada a presenca de Salmonella spp., verificou-se contagens elevadas de bactérias aerobias
mesofilas e de coliformes totais e termotolerantes. De acordo com as normas legais, em dois estabelecimentos as amostras seriam
reprovadas pelo excesso de coliformes termotolerantes. Com o uso do fermentado acético na descontaminacdo, houve reducao das
contagens bacterianas, permitindo que todas as amostras apresentassem condicoes satisfatorias para consumo humano. Nao houve
diferenca significativa (p < 0,05) entre os tratamentos com diferentes concentracdes e acidezes de fermentado acético em relacao
as amostras ndo tratadas. Conclusées: O fermentado acético pode ser uma alternativa segura e pratica para melhorar a qualidade

higiénico-sanitaria da alface em saladas cruas, garantir a seguranca alimentar e reduzir os riscos a saide humana.

PALAVRAS-CHAVE: Lactuca sativa; Acido Acético; Analise Microbioldgica; Descontaminacédo; Seguranca Alimentar

INTRODUCTION

Consumption of green leaves like lettuce (Lactuca sativa) has
been increasing because of their nutritional benefits and con-
venience, since they are considered ready-to-eat (RTE) food"2.

Behrens et al.® observed that these types of food, although
convenient because they save time, also raise suspicions about
integrity and safety among consumers.

Because of its origin and handling processes, lettuce salad is
recognized as one of the dishes with the highest rate of contam-
ination by various microorganisms. The fermented acetic acid
commercially known as vinegar can be used as an ingredient to
add flavor to salads, but it is also known as a safe substance
(Generally Recognized As Safe - GRAS) and can be used to decon-
taminate vegetables.

Vegetables consumed raw are responsible for outbreaks of food-
borne illnesses caused by bacteria like: Clostridium botulinum,
Bacillus cereus and Listeria monocytogenes, usually found in the
soil, Salmonella, Shigella, Escherichia coli and Campylobacter
spp., found in the Gl tract of animals, including humans. In gen-
eral, contamination of raw fruit and vegetables occurs through
contact with feces, sewage or untreated irrigation water*.

Raw lettuce, due to its high contamination rate, can have sev-
eral effects on human health, resulting in mild and self-limiting to
severe diarrhea with severe dehydration, weight loss and anemia®.

Several studies have shown that numerous outbreaks of food-
borne diseases are related to the consumption of lettuce con-
taminated primarily by enterohemorrhagic E. coli®”®°, Salmo-
nella spp.'®'" and Yersinia spp.'>".

For the preparation of these vegetables, they must be washed
with drinking water so that their microbial load can be reduced
by 90%. However, this may not be enough to eliminate contami-
nation, and the application of a sanitary plan is essential™.

In Brazil, chlorine is the most commonly used product for decon-
tamination of vegetables, particularly sodium hypochlorite, due
to its low cost. The legal use recommendation is 200-250 ppm
with minimum contact for 15 min™.

In recent years, there has been an increase in the consumption of
minimally processed fruits and vegetables. However, chlorinated
chemicals used as sanitizers can form carcinogenic compounds
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with adverse impacts on human health, and new sanitizers and
technologies need to be introduced to ensure the safety of these
types of food'®.

Acetic acid has been studied for its efficiency in removing patho-
gens from fresh fruits and vegetables. A study on the disinfection
of lettuce inoculated with E. coli 0157:H7(107 CFUg™") evidenced
that a commercially available rice vinegar with 5% acetic acid
(pH 3.0) for 5 min reduced the population of this pathogen by
three logarithmic cycles".

Commercial use of organic acid solutions can minimize environ-
mental and public health risks'®. There are also advantages in
the use of these products because they are cheap, biodegradable
and easy to handle'. The use of GRAS organic acids is recognized
as safe although their efficacy depends on the type of food in
question and varies from one organic acid to another.

There are several studies on the efficacy of these agents in
fruits and vegetables, but most have been conducted under
conditions of artificial contamination using various microorgan-
isms. Additionally, the technical application conditions are not
always comparable'7:20.21,22,23,24,25

This research was conducted to evaluate the quality of lettuce
salads (Lactuca sativa) marketed in self-service restaurants and
the efficacy of decontamination through fermented acetic acid
with different acidities and concentrations for mesophilic aer-
obic bacterial count, coliforms (total and thermotolerant) and
Salmonella spp.

METHOD

Sample collection

The samples were composed of ready-to-eat, dressing-free let-
tuce salads (Lactuca sativa), displayed in self-service count-
ers of four randomly selected restaurants identified as A, B, C
and D, located in the city of Duque de Caxias, state of Rio de
Janeiro, Brazil. The samples were aseptically collected in alumi-
nized cardboard packages in the amount of approximately 350 g,
identified and transported to the microbiological food control
laboratory of the Grande Rio University (Unigranrio), where the
analyses were performed. The apple-based acetic acids used in
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this experiment were purchased in commercial establishments
according to their acidity informed on the label.

Sample handling

From each sample, 14 subsamples of 25 g were obtained, of
which seven were used to perform viable mesophilic aerobic
bacterial and coliform (total and thermotolerant) count analy-
ses, whereas the other seven were used to search for Salmonella
spp. Of the 14 subsamples, two were analyzed separately for
initial microbiota evaluation without treatment with fermented
acetic acid; both were defined as control. The 12 subsamples
were then subjected to decontamination with fermented acetic
acid under immersion for 15 min at different proportions of vol-
atile acidity (in g. 100mL ") and diluted in sterile distilled water
in the following solutions: acidity 4 to 10% and 50%, acidity 5 to
10% and 50%; and acidity 6 to 10% and 50%.

Microbiological analysis

The analyses were performed in triplicate to estimate the most
probable number (MPN) of coliforms (total and thermotolerant),
the presence/absence of Salmonella spp. and the total count of
mesophilic aerobic bacteria. These analyses were performed as
established by Normative Instruction n. 62 of August 26, 2003%,
and the results were compared to Resolution of the Collegiate
Board (RDC) n. 12 of January 2, 2001, the regulatory standard of
the Brazilian National Agency of Health Surveillance (Anvisa)?.

Counting techniques were performed from the three consecu-
tive serial decimal dilutions, in which the first dilution was made
from the 25 g subsample and then added to 225 mL of 0.1% pep-
tone saline solution. The next decimal dilutions were made from
1 mL of the first dilution in 9 mL of 0.1% peptone saline solution,
followed by homogenization.

Coliform count - presumptive test

From each decimal dilution, a 1 mL aliquot was transferred to
three sets of three Lauril Sulfate Tryptose (LST) broth tubes with
inverted Durham tubes, which were incubated at 36 + 1° C for
48 h. Turbidity, combined with the presence of gas in one or
more Duhram tubes, characterized positivity.

Total coliform count - confirmatory test

Aliquots of each tube considered positive in the presumptive test
were transferred by a bacteriological loop to tubes with Brilliant
Green Bile Lactose broth (BGBL), with inverted Duhram tubes
incubated at 36 + 1°C for 48 h. Results were expressed as log
MPN/mL after comparison in a table.

Total thermotolerant coliform count - confirmatory test

Similarly, from each LST tube considered positive in the presump-
tive test aliquots were transferred by bacteriological loop to tubes
with Escherichia coli (EC) broth and tubes with BGBL broth, with
inverted Duhram tubes incubated at 45° C for 24 h. By comparison
with the table, the results were expressed as log MPN/mL.
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Total mesophilic aerobic bacterial count

The pour plate technique was applied by using 1.0 ml inoculum
of each of the serial decimal dilutions in duplicate Petri dishes
with standard pre-fused counting agar. After homogenization
and solidification, the plates were inverted and incubated for
48 h at 36 + 1°C. Counts were performed in a colony counter for
plates after the selection of plates with counts between 25 and
250 colony forming units (CFU). The results were expressed as
log CFU/g of the sample.

Search for Salmonella spp.

First, we performed the pre-enrichment step, in which each
25 g aliquot of the lettuce salad subsample was added to
225 mL of buffered peptone water and incubated at 36 + 1° C
for 20 h. Then 0.1 ml aliquots were transferred to tubes con-
taining Rappaport Vassiliadis broth. In parallel, 1 mL aliquots
were also transferred to tubes containing cystine selenite broth
and incubated in a water bath at 42° C for 24 h, in what was
called the enrichment step. Next, growth aliquots were sub-
jected to surface scattering in solid selective media to obtain
isolated colonies using plates with Ramback Agar, Bismuth Sul-
fite, Xylose Lysine Deoxycholate (XLD) and Salmonella-Shigella.
The plates were incubated at 36° C + 1° C for 24 h. Three to
five suspected colonies per plate were selected and inoculated
on standard agar, incubated at 36 + 1° C for 24 h for subsequent
biochemical testing to verify typical behavior of Salmonella
spp., absence of urease, typical biochemical reactions on TSI
agar, lysine decarboxylation or not, biochemical and motility
reactions on SIM agar and paper tape oxidase test. All tests
were incubated at 36 + 1° C for 24 h.

Statistical analysis was performed using Pearson’s correlation
coefficient, Tukey’s t-test and PAST software. For all analyses we
considered the significance level of 5%.

RESULTS AND DISCUSSION

Mesophilic aerobic bacterial counts in the control lettuce salad
samples of the restaurants ranged from four to six log CFU/g
(Table 1). Current legislation does not provide for limits on the
total count of mesophilic aerobic bacteria in fresh vegetables,
but, according to Morton?’, food with total aerobic microorgan-
ism counts above 6 log CFU/g begins to show signs of deteriora-
tion. One of the samples presented this high count characteriz-
ing possible deterioration.

Fermented acetic acid was found to be efficient at all concentra-
tions and acidities (p <0.05) to reduce mesophilic aerobic bac-
teria (Table 1). We could observe greater efficiency in the treat-
ment with fermented acetic acid at 50%, with results of reduction
of three to almost five decimal cycles in the samples submitted
to this treatment and varying from two to more than four deci-
mal cycles in the samples treated with 10% of fermented acetic
acid. In this regard, the results are similar to those obtained
by Entani et al.*, who obtained reduction of three logarithmic
cycles with the use of 2.5% fermented acetic acid. In Brazil,
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similarly, Oliveira’' achieved a reduction in the mesophilic aero-
bic bacteria count of up to two logarithmic cycles in the decon-
tamination of lettuce with 2% and 20% vinegar for 15 min.

In acidities 5 and 6 (in g. 100 mL'), we obtained reduction
results of almost five decimal cycles, while in the other samples
the reductions obtained results where some reached up to four
decimal cycles. However, statistically, there was no significant
difference between treatments with fermented acetic acid in
terms of acidity and concentrations, but there was a significant
difference (p <0.05) regarding the treatment with fermented
acetic acid of the control samples, which denotes that the use
of fermented acetic acid can be effective to reduce bacteria
regardless of its concentration and acidity.

In Brazil, similarly, using 4% vinegar in kale decontamination,
Silva® obtained significant reduction to acceptable levels in the
count of mesophilic aerobic bacteria and total and thermotoler-
ant coliforms.

In line with that, Zerio-Egli et al.®* found that 1.6% and 2.5%
acetic acid solutions used for 30 sec, 2 and 5 min, respectively,
acted on the decontamination of green leaves with reductions
between 1.5 and 4.0 log CFU/g of aerobic bacteria, mold and
yeast and coliforms. They concluded that the reductions were
not dose or time dependent. In the present study, we found that
fermented acetic acid in the concentrations we used caused the
bacterial reduction.

According to the International Commission on Microbiological
Specifications for Foods (ICMSF)?, total lettuce coliform counts
are used as parameters of the present microbial load. Although
they are not used as a legal basis, they work as a warning about

Saraiva BM et al. Decontamination of vegetables

the conditions of hygiene during handling and the risks to con-
sumer health.

Total coliform count results in the control samples ranged from
0.47 to 2.66 log MPN/g (Table 2). The use of fermented acetic
acid reduced MPN values of total coliforms in all treatments,
mainly in samples from restaurants A and C, with some results
even superior to two decimal cycles. In samples from restaurants
B and D, low total coliform counts were found. As for the effect of
the concentration, the reduction became more evident in treat-
ments with 50% concentration of fermented acetic acid. Regard-
ing acidity, the treatment with acidity 5 was the most efficient in
both concentrations (10% and 50%), even reaching values above
two decimal cycles. Oliveira? also found a reduction in the total
coliform count from two to three logarithmic cycles in lettuce
decontamination with 2% and 20% vinegar for 15 min. There was
no significant difference between treatments with fermented
acetic acid in terms of acidity and concentrations, but there was
a significant difference (p <0.05) regarding the treatment with
fermented acetic acid in relation to the control samples.

For fecal coliforms, Anvisa’s federal legislation' set a maximum
limit of 2 x 102 MPN/g or 2.30 log MPN/g. According to Table 3,
lettuce salad samples from restaurants A and B were considered
unfit for consumption according to the legislation. Higher bac-
terial reduction efficiency was observed in these samples after
the treatment with fermented acetic acid, since they presented
a larger amount of coliforms, therefore, there was greater effi-
ciency, with the reduction of two to almost three decimal cycles.

As for fecal coliforms, there was no significant difference
between treatments with fermented acetic acid in terms of acid-
ity and concentrations, but there was a significant difference

Table 1. Results (in arithmetic mean) of the use of fermented acetic acid at different concentrations and acidities in the decontamination of lettuce
salad samples for the analysis of mesophilic aerobic bacteria count (in log CFU/g).

Fermented acetic acid

Restaurant Control Acidity 4 Acidity 5 Acidity 6

10% 50% 10% 50% 10% 50%
A 5.07 3.11 2.04 3.07 2.1 3.43 2.51
B 6.08 3.57 2.04 2.79 1.54 3.57 1.70
C 4.69 1.17 1.00 1.00 1.00 1.00 1.00
D 5.49 2.14 1.60 2.53 1.30 1.00 1.65

Table 2. Results of the use of fermented acetic acid at different concentrations and acidities in the disinfection of lettuce salad samples for the analysis

of total coliforms count (in log MPN/g).

Fermented acetic acid

Restaurant Control Acidity 4 Acidity 5 Acidity 6

10% 50% 10% 50% 10% 50%
A 2.66 0.84 0.47 0.47 0.47 0.56 0.47
B 0.85 0.55 0.47 0.47 0.47 0.56 0.47
c 2.38 0.60 0.47 0.47 0.47 0.95 0.60
D 0.85 0.47 0.47 0.47 0.47 0.47 0.47
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Table 3. Results of the use of fermented acetic acid at different concentrations and acidities in the disinfection of lettuce salad samples for the analysis

of fecal coliforms (in log MPN/g).

Fermented acetic acid

Restaurant Control Acidity 4 Acidity 5 Acidity 6

10% 50% 10% 50% 10% 50%
A 2.66 0.48 0.48 0.48 0.48 0.48 0.48
B 3.04 1.18 0.48 0.48 0.48 0.48 0.48
C 0.95 0.48 0.48 0.48 0.48 0.48 0.48
D 0.48 0.48 0.48 0.48 0.48 0.48 0.48

(p <0.05) regarding the treatment with fermented acetic acid in
relation to the control samples.

Using different types of fermented acetic acid, Entani et al.*
found strong bacteriostatic action in 34 bacterial strains and also
found bactericidal activity in enteropathogenic and enterohe-
morrhagic E. coli, considering that the latter is very resistant
to acidity. The reduction observed in the amount of fecal coli-
forms in the present research also indicated the efficiency of
fermented acetic acid.

Similarly, Amoah et al.?® found that the use of vinegar as let-
tuce sanitizer at concentrations of approximately 33% and 17%,
respectively for 1 min and for over 10 min, removed values
greater than four logarithmic cycles of fecal coliforms. In the
present research, the results obtained for the reduction of fecal
coliforms were similar in the 10% and 50% concentrations of fer-
mented acetic acid.

Chang and Fang'’, when treating inoculated lettuce (107 CFUg")
with commercial vinegar with 5% acetic acid (pH 3.0) for 5 min,
found a reduction of three logarithmic cycles in the popula-
tion of enterohemorrhagic E. coli. Similarly, Poimenidou et al.?
demonstrated that, compared to other natural chemical and
antimicrobial agents, vinegar had the highest lethal activ-
ity against enterohemorrhagic E. coli, with a reduction of
1.8-2.3 log CFU/g and 2.8 log CFU/g in the total bacterial count.
Akbas and Olmez' achieved a reduction of enterohemorrhagic
E. coli between 1.3 and 1.7 log CFU/g in chopped lettuce using
acetic acid between 0.5% and 1.0% for 2 and 5 min. Similarly,
in the present study, a reduction greater than two logarithmic
cycles was obtained in samples from two restaurants.

No Salmonella spp. was detected in any of the lettuce samples
from the four restaurants. These results classify the analyzed
samples as in accordance with the Anvisa RDC? that requires the
absence of Salmonella spp. in 25 g of product for fresh vegeta-
bles, so as to protect public health.
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