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Abstract: Salmonella spp. is not part of the fish microbiota, being introduced through contaminated
water or improper handling. In slaughterhouses, five parts per million (ppm) of free chlorine is
recommended in the washing step to eliminate this pathogen. However, Salmonella spp. is still
detected in fish processing plants due to persistent contamination as a result of chlorine–organic
matter interactions that reduce chlorine effectiveness. Therefore, this study aimed to test whether
organic matter contained in culture media and fish washes interferes with the efficacy of chlorine
at 2 and 5 ppm, and what is the time of action required to inactivate ATCC and wild strains of S.
typhimurium. For this, the elimination or survival of these strains was investigated when exposed to
chlorinated solution for different durations (0, 5, 30, 60, 90 and 120 min) in culture medium, 0.85%
saline solution and fish wash (in natura and sterilized). The results showed that the use of 5 ppm of
free chlorine is efficient, even when the chlorine remains in contact with the organic matter (washed
from the fish), as it reduced the bacterial population by ~5 log log10 CFU/mL of Salmonella spp.,
showing that this reduction was due to interactions, as long as the chlorine action time was 30 min.

Keywords: Salmonella typhimurium; fish; sodium hypochlorite; exposure time; organic matter; bacterial
reduction

1. Introduction

Aquaculture is one of the food production sectors that has grown the most in recent
years [1]. This sector was responsible for the production of around 86.5 million tons in
2018 [2]. A total of 221 countries have some commercial activity involving fish and fishery
products, representing 78% of international trade [3]. Brazil ranks eighth in the world;
however, it is among the top producers of freshwater fish, with a growing trend due
to Brazil being the country with the largest amount of freshwater available [4]. Given
the availability of water resources and the favorable climate in some countries for fish
production, this product becomes a promising alternative source of protein for a large
portion of the world’s population [5–7].

Fish and fish products represent an important source of consumption for the pop-
ulation, in addition to being nutritionally rich, with a high content of polyunsaturated
fats and proteins of high biological value and easy digestibility [8]. However, due to their
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intrinsic characteristics, such as high water activity, pH and nutrient availability, fish have
a higher spoilage rate compared to other animal products, which is often a limiting factor
in consumer purchases [9]. Therefore, controlling the initial microbial load, ensuring the
quality of the raw material and maintaining adequate processing and storage conditions
are crucial factors in guaranteeing a product with a longer shelf life and consequently a
lower risk of contamination for the consumer [10].

In this context, several pathogens may be present in fish, including Salmonella [11].
An important point to note is that Salmonella spp. is not a biological contaminant that is
part of the natural microbiota of fish [12]. However, contamination by Salmonella spp. in
fishery products can stem from environmental contamination where the fish are grown or
harvested [13], or due to failures in handling during harvesting or processing [14,15].

Among the different serotypes of Salmonella, the Typhimurium serotype is present
in various animal-origin matrices, being the most prevalent and having a cosmopolitan
distribution [16]. This serotype is considered the main cause of human salmonellosis cases
in North America and Oceania, regardless of the animal source [16,17]. Additionally, it is
the second most common Salmonella serotype in Europe [18]. An epidemiological study
of Salmonella typhimurium in Brazil, covering clinical samples and foods (poultry, chicken,
pork and beef), was conducted in the regions of São Paulo, Santa Catarina, Paraná, Mato
Grosso do Sul, Rio Grande do Sul, Goiás and Bahia [15,19–21]. However, studies on fish are
reported only in the states of Mato Grosso and Maranhão [15,20,21]. In the study by [15],
the Typhimurium serotype was detected in samples collected at a fish slaughterhouse during
the transportation, washing with chlorinated water, evisceration, skinning and filleting
stages. Therefore, control measures must be developed, integrated into the process and
monitored in the processing environment, primarily to control foodborne pathogens.

As a form of microbiological control, some regulations establish minimum require-
ments for quality and identity standards for fish [22,23]. In the animal product industry,
chlorine and its derivatives are widely used agents to eliminate pathogenic microorgan-
isms [24]. According to the Ministry of Agriculture, Livestock and Supply of Brazil [25],
the maximum recommended level is up to five parts per million (ppm) of free residual
chlorine. Washing carcasses with sodium hypochlorite is the main step in controlling the
presence of pathogens in fish. Hypochlorous acid, a substance present in chlorine, is an
effective oxidant with a neutral charge capable of easily penetrating the external membrane
of bacteria, which has a negative charge, disrupting metabolic processes and breaking the
cell wall [26–29].

Even with permission to use up to 5 ppm of free residual chlorine in fish slaughter-
houses, some studies conducted in the state of Mato Grosso (the second-largest producer of
native fish in Brazil [30]) have shown that using chlorine at this concentration may not be
effective in controlling Salmonella spp. in fish. This hypothesis is based on the results found
by Santos et al. (2018) [31], who detected the presence of Salmonella in culture water and
fish. Furthermore, the presence of Salmonella was confirmed at all stages of the processing
environment [15] and in fish exposed for commercialization [32].

Studies focused on controlling the presence and growth of pathogenic Enterobacteriaceae
species and serotypes using chlorine and its derivatives in animal products are documented.
Research involving eggs and panga fish (Pangasius hypophthalmus) using chlorine in the
form of chlorine dioxide and hypochlorous acid to combat Salmonella enteritidis (ATCC) and
wild Escherichia coli in Republic of Korea and Vietnam has been reported [27,33]. However,
in our review, we observed no studies utilizing sodium hypochlorite against Salmonella spp.
in fish.

Therefore, the objective of the present study was to evaluate the population reduction
rate of S. typhimurium and the antimicrobial action of NaClO at concentrations of up to
5 ppm of free chlorine, both in the presence and absence of organic matter from native fish
and culture medium.
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2. Materials and Methods
2.1. Strains of S. typhimurium

In this study, S. typhimurium (ATCC 10749) was kindly provided by the National Ref-
erence Laboratory for the Diagnosis of Enteric Bacteria, Instituto Oswaldo Cruz, Fundação
Oswaldo Cruz (FIOCRUZ). A wild strain of S. typhimurium (P06), isolated from fish cap-
tured in the state of Mato Grosso [15] of Tambaqui (Colossama macropomum) was also used.
The Typhimurium serotype was chosen because it is considered one of the main serotypes
causing infections in humans globally [34]. The strains were preserved in brain heart
infusion broth (BHI; KASVI®, Madrid, Spain) containing 20% (v/m) glycerol (Labsynth®,
São Paulo, Brazil) and were stored at −86 ◦C. During the analysis period, the strains were
reactivated in 20 mL of brain heart infusion broth (BHI; KASVI®, Madrid, Spain) and
incubated at 37 ◦C for 24 h.

2.1.1. Preparation of Chlorinated Water and Monitoring of Total and Free Chlorine

For the inactivation tests using NaClO, a commercial solution at an initial concentration
of 12% (Chloro, MT®, Cuiabá, Brazil) was used. Concentrations of 2 and 5 ppm were
achieved by diluting the concentrated solution in ultrapure water (we add 70 µL of the
concentrated solution to 300 mL of water for the first dilution, and we add 30 µL of the
concentrated solution to 300 mL of water for the second dilution), in an environment at
a temperature of approximately 27 ◦C. To ensure that the concentrations of total chlorine
(CT) and free chlorine (CL) were as desired, the concentrations were measured using a
multiparameter chlorine meter Kit Micro 7+/Micro20. (ASKO®, Lidköping, Sweden). The
entire procedure was performed according to the manufacturer’s recommendations, and
the results were expressed in parts per million.

2.1.2. Experimental Design

The survival of S. typhimurium strain ATCC 10749 and strain P06, isolated from fish,
was evaluated based on chlorine concentration in parts per million (ppm), specifically, 2
and 5 ppm at different exposure times (0, 5, 30, 60, 90 and 120 min). We also evaluated
three modes of exposure: the strain contained in brain heart broth, strain contained in
saline solution and strain contained in saline solution plus in natura fish washing and
autoclaved fish washing (as shown in Figure 1A,B). For each treatment, a negative control
was conducted, involving serial dilutions of the strain and subsequent dilutions and
plating at concentrations ranging from 104 to 108 CFU/mL. The count obtained during
plating was an average population of 108 CFU/mL. The purity of these strains was verified
through inoculation on selective media such as Brilliant Green Agar and Xylose Lysine
Deoxycholate Agar.

2.1.3. Susceptibility of S. typhimurium to 5 ppm and 2 ppm of Free Chlorine

To assess the susceptibility of the S. typhimurium strains (ATCC 10749 and P06), 1 mL
of the suspension of these strains in culture medium (Figure 1A) or in saline solution
(Figure 1B) was added to tubes containing 9 mL of chlorinated water at 2 and 5 parts per
million (ppm). This mixture of chlorinated water and microorganism was maintained
at room temperature (~27 ◦C) for various durations: 0 (T0), 5 (T5), 30 (T30), 60 (T60), 90
(T90) and 120 (T120) min. After each treatment, the antimicrobial activity of NaClO was
neutralized by adding 0.1% (v/v) sodium thiosulfate (Labsynth®, São Paulo, Brazil) to the
tube. To investigate the action of chlorine on the strains, dilution of the solution (chlorinated
water plus microorganism) and decimal fractions from 101 to 104 were prepared, including
100 µL of the solution in 900 µL of saline solution (chlorinated water plus microorganism).
Then, 0.1 mL of each dilution was spread onto nutrient agar plates (KASVI, Madrid, Brazil)
and incubated at 37 ◦C for 24 h, after which the colonies were counted.
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Figure 1. Exposure of S. typhimurium strains (ATCC and wild P06) to 2 and 5 ppm of free chlorine 
at 0, 5, 30, 60, 90 and 120 min in different treatments: (A) exposure of strains in culture medium 
(BHI); (B) exposure of resuspended strains in saline. 
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face washing of the fish at a 1:4 (v/w) ratio, using 400 mL of saline solution and including 
a sterile polystyrene bag with a fish weighing approximately 1600 g [35], as adapted. The 
amount of washing was standardized to concentrations of 5 and 10% in the final solution 
containing bacteria and culture medium and/or saline solution. The amount of chlorine 
that did not interact with the organic matter was measured using the Micro 7 kit (Akso, 
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formed in triplicate and expressed in ppm. To define the percentage of washing to be used 
in the experiment, a linear regression was conducted to identify the decline in the action 
of 5 ppm of chlorine in contact with different percentages of washing (1 to 10%). After this 
step, it was decided to use 5% washing during the evaluation of chlorine exposure time, 
mimicking fish production and the microbial load naturally present in this process. This 
percentage of organic matter has been used in previous studies [26]. 

Figure 1. Exposure of S. typhimurium strains (ATCC and wild P06) to 2 and 5 ppm of free chlorine at
0, 5, 30, 60, 90 and 120 min in different treatments: (A) exposure of strains in culture medium (BHI);
(B) exposure of resuspended strains in saline.

2.1.4. Effect of Organic Matter on the Presence of Free Chlorine and Its Bactericidal Effect
on S. typhimurium (Strain ATCC 10749 and Wild-Type P06)

The presence of organic matter was simulated using surface washing from a Tambaqui
fish (Colossama macropomum) that had already been slaughtered. This involved surface
washing of the fish at a 1:4 (v/w) ratio, using 400 mL of saline solution and including a
sterile polystyrene bag with a fish weighing approximately 1600 g [35], as adapted. The
amount of washing was standardized to concentrations of 5 and 10% in the final solution
containing bacteria and culture medium and/or saline solution. The amount of chlorine
that did not interact with the organic matter was measured using the Micro 7 kit (Akso, RS-
BR), quantifying total chlorine (CT) and free chlorine (CL). The readings were performed
in triplicate and expressed in ppm. To define the percentage of washing to be used in
the experiment, a linear regression was conducted to identify the decline in the action of
5 ppm of chlorine in contact with different percentages of washing (1 to 10%). After this
step, it was decided to use 5% washing during the evaluation of chlorine exposure time,
mimicking fish production and the microbial load naturally present in this process. This
percentage of organic matter has been used in previous studies [26].

Subsequently, the action of chlorine on the strains resuspended in saline solution was
investigated (Figure 1B). Here, the culture medium (BHI) was removed by centrifugation
at 450× g for 2 min, and the pellet was resuspended in saline solution at a concentration of
0.85% in the same volume as the culture medium (10 mL). To this, 0.45 mL (5%) of both in
natura fish wash and fish wash (autoclaved) was added. The mixture was then exposed to
8.55 mL of chlorinated water solution at 2 and 5 (±0.5) ppm of free chlorine. The results
were determined by counting the survival of the S. typhimurium strains in colony counts
after exposure to the treatments, followed by inoculation in the nutrient agar at 37 ◦C for
24 h. After this period, the colonies were counted, and the final population was expressed
in Log10 CFU/mL (colony-forming unit).

2.2. Statistical Treatment

The data were analyzed using Student’s t test to compare whether there was a sta-
tistically significant difference between the two culture media (BHI culture medium and
saline solution). In addition, the results of the bacteria’s exposure times to chlorine were
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analyzed using ANOVA to determine whether there was a significant difference between
all treatments performed. Following the ANOVA, the post hoc Fisher’s least significant
difference (LSD) test was conducted with 95% confidence, comparing the treatments per-
formed and the exposure times of the strains to the 5 ppm chlorinated solution. Finally, a
linear regression of free and total chlorine as a function of the percentage of organic matter
(fish wash) present in the medium and the decrease in free chlorine present in the solution
was also performed. The equation, along with the adjusted R2 values, was used to assess
the quality of the results.

3. Results

We found that the use of saline solution favored greater bacterial death and that the
use of culture medium resulted in an inactivation plateau, with 2 and 5 ppm reaching a
similar inactivation rate (approximately 2 Log for 2 ppm and 2.5 Log for 5 ppm, from an
initial average population of around 7 Log) for the P06 wild strain, showing no statistically
significant differences between exposure times. The S. typhimurium strain (ATCC 10749)
also showed little reduction (around 1.5 Log for both 2 ppm and 5 ppm from an initial
population average of around 7 Log) that was not significantly different between exposure
times. This could be because the reductions were minimal due to the culture medium (BHI),
which acted as a chlorine scavenger, as shown in Figure 2.
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Figure 2. Inactivation (Log10 CFU/mL) of Salmonella typhimurium strains (ATCC 10749 and the P06
wild strain) when exposed to 2 ppm (A) and 5 ppm (B) of free chlorine in the time periods (T0 to
T120 min) when included in culture medium. Student’s t test; * indicates case comparison differences
between treatments; ns indicates that there was no difference in time periods (T0 to T120).

When we used the saline solution, we found that the difference between 2 and 5 ppm
was considerably significant, confirming the effect of organic matter. When the strain of S.
typhimurium (ATCC 10749) and the wild strain P06 were exposed to a 2 ppm chlorinated
solution, the results showed different behaviors, with a statistically significant difference.
The S. typhimurium wild P06 strain, surviving in the production environment, showed
greater survival and adaptation to the effects of chlorine. Furthermore, a greater reduction
from time zero (T0) was revealed with the S. typhimurium strain (ATCC 10749) (Figure 3A).

Regarding the treatment with 5 ppm, a reversal in the reduction was observed, with the
S. typhimurium strain (ATCC:10749) being more sensitive compared to the S. typhimurium
wild P06 strain. The ATCC 10749 strain showed a reduction of 6.17 Log10 CFU/mL
from 30 min (T30) onward, while the wild-type strain showed a reduction greater than
4 logs (4.42 Log10 CFU/mL) for the same duration, eventually reaching a reduction of
up to 5 Log10 CFU/mL at 120 min (T120). However, according to the statistical analysis
performed, the treatment of the strain in the saline solution at various times (T5, T30, T60,
T90 and T120) at 5 ppm did not differ statistically and was still considered the most effective
treatment (p ≤ 0.5).
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Figure 3. Inactivation (Log10 CFU/mL) of Salmonella typhimurium (ATCC 10749 and wild P06) when
exposed to 2 ppm (A) and 5 ppm (B) of free chlorine in the time periods (T0 to T120 min) when
included in culture medium or saline solution. Student’s t test; * indicates case comparison differences
between treatments; ns indicates that there was no difference in time periods (T0 to T120 min).

When comparing the results of the population reduction (Log10 CFU/mL) in S. ty-
phimurium (ATCC 10749) and S. typhimurium P06 upon exposure to a 5 ppm chlorinated
solution from time zero (T0) to time 120 min (T120) and between the strains contained
in washing of sterilized and non-sterilized fish (organic matter) (Figure 4A,B), we can
observe a very distinct reduction behavior related to the sterile and non-sterile organic
matter content. Additionally, the behavior of population reduction in the S. typhimurium
strains (ATCC 10749) and P06 was noticeably different, as seen in Figure 4.

It is noted that the population reduction was greater in the P06 wild strain of S.
typhimurium, with reductions of approximately 5 Log10 CFU/mL in non-sterile organic
matter, showing a statistically significant difference and greater reduction compared to
the strain (ATCC 10749). The strain contained in sterile organic matter showed a total
reduction from 5 min (T5) onwards but did not differ statistically from time 5 min (T5) to
120 min (T120), as observed in Figure 4A. This was considered a statistically more effective
treatment compared to the strain (ATCC 10749).

In addition, we also performed a regression analysis and found that free chlorine
decreased linearly in accordance with the inclusion of fish washing. This demonstrates that
the profile of chlorine reduction in relation to the percentage of organic matter was linear
(R2 = 0.96). In other words, the greater the percentage of organic matter (fish washings) in
contact with chlorine, the greater the decline in chlorine availability. For instance, 2% fish
washings in contact with chlorinated water at 5 ppm reduced its availability to 3.94 ppm.
Similarly, chlorine in contact with 5% washing reduced the availability of residual chlorine
to 1.43 ppm, impacting the efficiency of this sanitizer, as seen in Figure 5.

Finally, when comparing all of the treatments and the times of exposure of the strains to
the 5 ppm chlorinated solution, the wild strain P06, which was contained in the autoclaved
wash from time T5, was shown to be the most effective treatment according to the mean test
performed. Additionally, the treatment from times T5 to T120 did not present a statistically
significant difference, as shown in Figure 6.
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4. Discussion

Several studies have already shown contamination by Salmonella in fish slaughter-
houses, including in the raw material, during processing stages, and in the final product
exposed for commercialization [15,30,31]. This highlights a problem that deserves further
investigation, especially since in Brazil, chlorinated products are the only sanitizing agents
permitted by legislation for washing fish during industrial processing [25].

Free chlorine at concentrations of 2 and 5 ppm led to a reduction in the bacterial
load of Salmonella typhimurium strains from 5 to 120 min (Figures 3 and 4). However, it
was observed that this reduction varied depending on the presence of organic matter. In
the absence of culture medium (peptone and infusion of brain heart (BHI) broth), the
antimicrobial action of NaClO was more effective, achieving a greater bacterial reduction
of approximately 4 Log10 CFU/mL for Salmonella typhimurium ATCC and 6 Log10 CFU/mL
for the strain P06, particularly at a concentration of 5 ppm (Figure 4B).

The greater survival of Salmonella in the treatment using BHI is due to the presence
of organic matter in the culture medium (BHI), which directly interacts with chlorine.
This effect can be attributed to the inactivation of some chlorine molecules by organic
matter, as chlorine is a strong oxidant that reacts quickly with organic substances [33],
causing a rapid decline in free chlorine concentration and consequently a decrease in
bactericidal efficiency [27,36–40]. This is a major concern for public health. According
to Venkitanarayanan et al. (2002) [41], the use of a disinfectant chemical agent such as
chlorine should be capable of reducing at least 5 Log10 CFU/mL for pathogenic bacteria
like Salmonella.

The stage of receiving fish at slaughterhouses often becomes one of the most critical,
as it is at this stage that the fish arrive with undesirable organic substances such as soil,
mud, dust, grease and other dirt [3]. These substances can interact directly with chlorine,
potentially rendering the washing step with chlorinated water ineffective in combating
Salmonella. According to Gomes et al. (2020) [38], organic matter can directly interfere by
reducing the effectiveness of chlorine.

To verify the interaction of chlorine with the organic matter from fish, we carried
out experiments using both fresh (in natura organic matter) and autoclaved fish wash-
ing (Figure 4A,B). This experiment revealed that reductions in bacterial population (S.
typhimurium ATCC 10749 and wild P06) were smaller when using fresh fish washing com-
pared to autoclaved fish washing. Given that chlorine, primarily in the form of hypochlor-
ous acid (HOCI), interacts with bacterial proteins by generating oxidative reactions of
HOCI with the amino acids such as tryptophan, tyrosine, histidine and sulfur-containing
amino acids like cysteine and methionine, as well as peptides and protein residues [42], we
presume that a similar interaction could have occurred between chlorine and the proteins
in the fresh fish wash. This would immobilize some HOCI molecules, a phenomenon not
observed when using the sterilized wash (Figure 3A). The heat treatment in the autoclaving
process might prevent protein–protein biding [43], thereby leaving more chlorine free to
react with the amino acids and proteins of the bacteria. This justifies the greater reduction
in the strains contained in the sterilized wash (Figure 3A) [44,45].

Our study aimed to verify the ability of free chlorine to reduce the population of
Salmonella typhimurium in fresh fish wash. We observed little reduction, particularly in the
ATCC strain. In this regard, we performed a regression analysis and found that the greater
the percentage of organic matter (fish wash) in contact with chlorine, the greater the drop
in chlorine availability, decreasing from 5 ppm to 1.43 ppm of free chlorine (Figure 6). This
decreased occurred linearly as the concentration of fish wash varied from 1% to 5% organic
matter. A similar reduction was verified in a study involving chicken organic matter, where
the presence of 5% organic matter reduced the availability of free chlorine approximately
ten times [36].

Considering that organic matter reduces the effectiveness of free chlorine and its
antimicrobial action, it is crucial for fish slaughterhouses to adopt new strategies throughout
the fish processing stages to effectively control Salmonella spp. Our results highlight the
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need to reduce organic matter from fish to enhance the antimicrobial action of free NaClO.
This could be achieved by implementing an initial prewash on the surface of the fish to
remove environmental dirt from harvesting and transport. This prewash should be carried
out before the washing with hyperchlorinated water with 5 ppm free NaCl, which should
be maintained for a minimum of 30 min to ensure the maximum reduction in Salmonella.

Observing the behavior of the different treatments used in this study (Figure 6), it
was found that treatment T5 (autoclaved washing) and T4 (inoculum in saline solution)
achieved a reduction above 5 Log10 CFU/mL (5.08) at 120 min, with treatment T5 even
reaching 100% reduction (Figure 6). However, these treatments may not reflect the reality
of a slaughterhouse setting. On the other hand, treatments T6 (washing in natura) and
T4 (saline solution) are more representative of a slaughterhouse environment, showing a
reduction of approximately 5 Log10 CFU/mL at 30 min of exposure for both treatments
(p 0.005). Furthermore, no statistically significant difference was observed between these
treatments. The T4 treatment could also closely mimic real-world conditions, as it represents
a type of precleaning that could be applied to a fish to remove dirt such as mud, earth, fat
and other organic compounds.

Comparing the strains of Salmonella typhimurium, P06 and ATCC (10749), the P06 strain
exhibited a higher survival rate against chlorine in the 5 ppm treatment in saline solution,
with a reduction below 5 Log10 CFU/mL at 30 min of exposure. This is in contrast to the
ATCC strain of S. typhimurium (ATCC 10749), which showed a reduction above 6 Log10
CFU/mL for the same duration (Figure 2). Given that the Salmonella typhimurium P06 used
in this study originated from a fish slaughterhouse where it was previously exposed to
5 ppm of chlorine, the high survival and adaptive capacity of the strains when subjected to
such treatments could explain this resistance [46].

This adaptive capacity of enteric pathogens, including Salmonella enterica, is manifested
under stress conditions, such as osmotic shock, which can induce the expression of the
RpoS gene [47]. The RpoS gene is considered one of the most important alternative sigma
factors necessary for the maximum survival of enteric pathogens under stress conditions,
including Salmonella enterica [48]. Previous studies have focused on the RpoS gene and its
role in survival under various stress conditions to which Salmonella typhimurium strains are
exposed [49]. The strain of Salmonella typhimurium studied here was isolated from fish after
washing with chlorine, having been previously exposed to chlorine stress [15]. Therefore,
the survival of the S. typhimurium P06 strain, as studied by [15], may be mediated through
the presence of some type of resistance gene. Notably, E. coli strains carrying the RpoS
gene, with prior contact with chlorine, have been observed to express resistance to this
sanitizer [50,51].

5. Conclusions

Considering the processing routine in fish slaughterhouses, it is clear that the fish
reception stage is considered critical, as the fish arrives with a high load of organic matter
(such as soil, earth and mud). This load can influence the subsequent washing step
with hyperchlorinated water at 5 ppm, which normally occurs in a short period. All of
these factors contribute to reducing the bactericidal action of chlorine against Salmonella.
Therefore, it was possible to observe that 5 ppm of free chlorine, even in contact with
organic matter, was effective in reducing Salmonella, as long as the chlorine had an action
time of 30 min. For best results, it is suggested that it would be necessary to previously
wash the surface of the fish to remove organic matter, and only then proceed with washing
with hyperchlorinated water at 5 ppm.

Author Contributions: Conceptualization, J.O.R., C.B.C., N.B.N., V.S.C., A.C.N., E.E.d.S.F., Y.D.P. and
M.A.M.M.; methodology, J.O.R., V.S.C. and E.E.d.S.F.; software, V.S.C. and M.A.M.M.; validation,
J.O.R., N.B.N. and Y.D.P.; formal analysis, J.O.R. and N.B.N.; resources, E.E.d.S.F.; data curation, J.O.R.
and V.S.C.; writing—original draft preparation, J.O.R.; writing—review and editing, J.O.R., A.C.N.,
E.E.d.S.F. and V.S.C.; project administration, J.O.R. and E.E.d.S.F.; funding acquisition, E.E.d.S.F. All
authors have read and agreed to the published version of the manuscript.



Microbiol. Res. 2024, 15 351

Funding: This study was funded by the Government of Mato Grosso, Brazil (SEDEC-MT), Fundação
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data is contained in the article.

Acknowledgments: We thank the Coordination for the Improvement of Higher Education Personnel
for granting the scholarship. Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq)/Brazil Process code 310181/2021-6.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. FAO (Ed.) Meeting the Sustainable Development Goals; The State of World Fisheries and Aquaculture; FAO: Rome, Italy, 2018.
2. FAO (Ed.) Towards Blue Transformation; The State of World Fisheries and Aquaculture. Towards Blue Transformation; FAO: Rome,

Italy, 2022. [CrossRef]
3. Cribb, A.Y.; Filho, J.T.S.; Miello, S.C.R.P. Manual Técnico de Manipulação e Conservação de Pescado; Embrapa: Brasília, Brazil, 2018.
4. Conab-Companhia Nacional de Abastecimento; Boletim Hortigranjeiro: Brasília, Brazil, 2021.
5. FAO (Ed.) Sustainability in Action; The State of World Fisheries and Aquaculture; FAO: Rome, Italy, 2020. [CrossRef]
6. Li, N.; Wu, X.; Zhuang, W.; Xia, L.; Chen, Y.; Wu, C.; Rao, Z.; Du, L.; Zhao, R.; Yi, M.; et al. Fish Consumption and Multiple Health

Outcomes: Umbrella Review. Trends Food Sci. Technol. 2020, 99, 273–283. [CrossRef]
7. Vidal, F.F.; Ximenes, F.L. Produção de Pescados na Área de Atuação do bnb; Caderno Setorial ETENE: João Pessoa, Brazil, 2019.
8. Sartori, O.G.A.; Amancio, D.R. Segurança Alimentar e Nutricional; Conselho Federal de Nutricionistas: Brasília, Brazil, 2012;

Volume 19, pp. 83–89.
9. Nunes, M.L.; Irineu, B.; Cardoso, C. Aplicação Do Índice de Qualidade (QIM) Na Avaliação da Frescura do Pescado; Publicações Avulses

do IPIMAR; IPIMAR: Lisboa, Portugal, 2007; Volume 15, 51p.
10. Mithun, B.D.; Hoque, M.S.; Van Brakel, M.L.; Hasan, M.M.; Akter, S.; Islam, M.R. Comparative Quality Assessment of Traditional

vs. Improved Dried Bombay Duck (Harpodon nehereus) under Different Storage Conditions: Solar Chimney Dryer a Low-Cost
Improved Approach for Nutritional Dried Fish. Food Sci. Nutr. 2021, 9, 6794–6805. [CrossRef]

11. Porto, Y.D.; Fogaça, F.H.D.S.; Andrade, A.O.; da Silva, L.K.S.; Lima, J.P.; da Silva, J.L.; Vieira, B.S.; Cunha Neto, A.; Figueiredo,
E.E.D.S.; Tassinari, W.D.S. Salmonella spp. in Aquaculture: An Exploratory Analysis (Integrative Review) of Microbiological
Diagnoses between 2000 and 2020. Animals 2022, 13, 27. [CrossRef] [PubMed]

12. Sant’Ana, A.D.S. Salmonella in Foods: Evolution, Strategies and Challenges. Food Res. Int. 2012, 45, 451–1194.
13. Mohamed Hatha, A.A.; Maqbool, T.K.; Suresh Kumar, S. Microbial Quality of Shrimp Products of Export Trade Produced from

Aquacultured Shrimp. Int. J. Food Microbiol. 2003, 82, 213–221. [CrossRef] [PubMed]
14. Kumar, Y.; Sharma, A.; Sehgal, R.; Kumar, S. Distribution trends of Salmonella serovars in India (2001–2005). Trans. R. Soc. Trop.

Med. Hyg. 2009, 103, 390–394. [CrossRef]
15. Fernandes, D.V.G.S.; Carvalho, R.C.T.; Castro, V.S.; Cunha-Neto, A.; Muller, B.; Carvalho, F.T.; dos Prazeres Rodrigues, D.;

Vieira, B.S.; de Souza Figueiredo, E.E. Salmonella in the processing line of farmed Tambatinga (Colossoma macropomum x Piaractus
brachypomus) in Mato Grosso, Brazil: Serotypes of occurrence and antimicrobial profile. Trop. Anim. Health Prod. 2021, 53, 146.
[CrossRef]

16. Ferrari, R.G.; Rosario, D.K.A.; Cunha-Neto, A.; Mano, S.B.; Figueiredo, E.E.S.; Conte-Junior, C.A. Worldwide Epidemiology of
Salmonella Serovars in Animal-Based Foods: A Meta-Analysis. Appl. Environ. Microbiol. 2019, 85, e00591-19. [CrossRef]

17. Centers for Diase Control and Prevention. Salmonella Homepage|CDC. Available online: https://www.cdc.gov/salmonella/
index.html (accessed on 10 April 2023).

18. The European Union One Health 2021 Zoonoses Report|EFSA. Available online: https://www.efsa.europa.eu/en/efsajournal/
pub/7666 (accessed on 10 April 2023).

19. Almeida, F.; Seribelli, A.A.; Medeiros, M.I.C.; Rodrigues, D.d.P.; MelloVarani, A.d.; Luo, Y.; Allard, M.W.; Falcão, J.P. Phylogenetic
and Antimicrobial Resistance Gene Analysis of Salmonella typhimurium Strains Isolated in Brazil by Whole Genome Sequencing.
PLoS ONE 2018, 13, e0201882. [CrossRef]

20. Guimarães, L.; Santos, A.C.D.; Ferreira, E.; Pereira, D.; Costa, F. Microbiological quality of trahira fish (Hoplias malabaricus) from
Baixada Maranhense, municipality of São Bento, MA. Arq. Inst. Biol. 2017, 84. [CrossRef]

21. Fernandes, D.V.G.S.; Castro, V.S.; Cunha Neto, A.D.; Figueiredo, E.E.D.S. Salmonella spp. in the Fish Production Chain: A Review.
Cienc. Rural 2018, 48, e20180141. [CrossRef]

22. INSTRUÇÃO NORMATIVA N◦ 60, DE 23 DE DEZEMBRO DE 2019-DOU-Imprensa Nacional. Available online: https://www.in.
gov.br/web/dou (accessed on 11 April 2023).

23. Comitê|CODEXALIMENTARIUS FAO-OMS. Available online: https://www.fao.org/fao-who-codexalimentarius/committees/
committee/pt/?committee=CCFH (accessed on 11 April 2023).

https://doi.org/10.4060/cc0461en
https://doi.org/10.4060/ca9229en
https://doi.org/10.1016/j.tifs.2020.02.033
https://doi.org/10.1002/fsn3.2631
https://doi.org/10.3390/ani13010027
https://www.ncbi.nlm.nih.gov/pubmed/36611639
https://doi.org/10.1016/S0168-1605(02)00306-9
https://www.ncbi.nlm.nih.gov/pubmed/12593924
https://doi.org/10.1016/j.trstmh.2008.09.009
https://doi.org/10.1007/s11250-021-02584-8
https://doi.org/10.1128/AEM.00591-19
https://www.cdc.gov/salmonella/index.html
https://www.cdc.gov/salmonella/index.html
https://www.efsa.europa.eu/en/efsajournal/pub/7666
https://www.efsa.europa.eu/en/efsajournal/pub/7666
https://doi.org/10.1371/journal.pone.0201882
https://doi.org/10.1590/1808-165700x142015
https://doi.org/10.1590/0103-8478cr20180141
https://www.in.gov.br/web/dou
https://www.in.gov.br/web/dou
https://www.fao.org/fao-who-codexalimentarius/committees/committee/pt/?committee=CCFH
https://www.fao.org/fao-who-codexalimentarius/committees/committee/pt/?committee=CCFH


Microbiol. Res. 2024, 15 352

24. World Health Organization. Food and Agriculture Organization of the United Nations Benefits and Risks of the Use of Chlorine-
Containing Disinfectants in Food Production and Food Processing. In Proceedings of the Joint FAO/WHO Expert Meeting, Ann
Arbor, MI, USA, 27–30 May 2008.

25. Manual de Procedimentos Para Implantação de Estabelecimento Industrial de Pescado: Produtos Frescos e Congelados. In
Miistério da Agricultura Pecuária e Abastecimento; Secretaria Especial da Agricultura e Pesca–BRASIL; MAPA:SEAP/PR: Brasília,
Brazil, 2007.

26. Paul, N.C.; Sullivan, T.S.; Shah, D.H. Differences in Antimicrobial Activity of Chlorine against Twelve Most Prevalent Poultry-
Associated Salmonella Serotypes. Food Microbiol. 2017, 64, 202–209. [CrossRef] [PubMed]

27. Thi, A.N.T.; Sampers, I.; Van Haute, S.; Samapundo, S.; Nguyen, B.L.; Heyndrickx, M.; Devlieghere, F. Decontamination of
Pangasius fish (Pangasius hypophthalmus) with chlorine or peracetic acid in the laboratory and in a Vietnamese processing company.
Int. J. Food Microbiol. 2015, 208, 93–101. [CrossRef]

28. Gómes-Lopez, V.M.; Lannoo, A.N.; Gil, M.I.; Allende, A. Minimum free chlorine residual level required for the inactivation of
Escherichia coli O157:H7 and trihalomethane generation during dynamic washing of fresh-cut spinach. Food Control 2014, 47,
132–138. [CrossRef]

29. Jathar, S.; Shinde, D.; Dakhni, S.; Fernandes, A.; Jha, P.; Desai, N.; Jobby, R. Identification and characterization of chlorine-resistant
bacteria from water distribution sites of Mumbai. Arch. Microbiol. 2021, 203, 5241–5248. [CrossRef] [PubMed]

30. dos Santos, R.R.; Xavier, R.G.C.; de Oliveira, T.F.; Leite, R.C.; Figueiredo, H.C.P.; Leal, C.A.G. Occurrence, Genetic Diversity, and
Control of Salmonella enterica in Native Brazilian Farmed Fish. Aquaculture 2019, 501, 304–312. [CrossRef]

31. Cunha Neto, A.; Panzenhagen, P.; Carvalho, L.; Rodrigues, D.; Conte Junior, C.; Figueiredo, E. Occurrence and Antimicrobial
Resistance profile of Salmonella Isolated from Native Fish Slaughtered and Commercialised in Brazil. Arch. Für Leb. 2019, 70,
94–98.

32. Kim, H.; Yum, B.; Yoon, S.S.; Song, K.J.; Kim, J.R.; Myeong, D.; Chang, B.; Choe, N.H. Inactivation of Salmonella on Eggshells by
Chlorine Dioxide Gas. Korean J. Food Sci. Anim. Resour. 2016, 36, 100. [CrossRef]

33. Shen, C.; Luo, Y.; Nou, X.; Wang, Q.; Millner, P. Dynamic effects of free chlorine concentration, organic load, and exposure time on
the inactivation of Salmonella, Escherichia coli O157:H7, and non-O157 Shiga toxin-producing E. coli. J. Food Prot. 2013, 76, 386–393.
[CrossRef]

34. EFSA and ECDC (European Food Safety Authority and European Centre for Disease Prevention and Control). The European
Union One Health 2019 Zoonoses Report. EFSA J. 2021, 19, e06406.

35. ISO 17604:2015(En); Microbiologia Da Cadeia Alimentar—Amostragem de Carcaça Para Análise Microbiológica. ISO: Geneva,
Switzerland, 2015. Available online: https://www.iso.org/obp/ui/#iso:std:iso:17604:ed-2:v1:en (accessed on 10 September 2022).

36. Obe, T.; Nannapaneni, R.; Sharma, C.S.; Kiess, A. Homologous stress adaptation, antibiotic resistance, and biofilm forming ability
of Salmonella enterica serovar Heidelberg ATCC8326 on different food-contact surfaces following exposure to sublethal chlorine
concentrations. Poult. Sci. 2018, 97, 951–961. [CrossRef] [PubMed]

37. Gomes F de, A.; Melo, A.C.; Corrêa, B.F.; Vitoriano M de, M.; Viana, L.C.T.M.C.; Ferreira, C.M.; Gurgel-Filho, E.D.; Pap-pen, F.G.
Evaluation of the degree of loss of concentration of free chlorine in sodium Hypoclorite 2.5% according to different means of
conservation. Braz. J. Health Rev. 2020, 3, 9314–9327. [CrossRef]

38. Oscar, T.P.; Tasmin, R.; Parveen, S. Chlorine inactivation of nonresistant and antibiotic-resistant strains of Salmonella typhimurium
isolated from chicken carcasses. J. Food Prot. 2013, 76, 1031–1034. [CrossRef] [PubMed]

39. Luo, Y.; Nou, X.; Yang, Y.; Alegre, I.; Turner, E.; Feng, H.; Abadias, M.; Conway, W. Determination of Free Chlorine Concentrations
Needed to Prevent Escherichia coli O157:H7 Cross-Contamination during Fresh-Cut Produce Wash†. J. Food Prot. 2011, 74, 352–358.
[CrossRef] [PubMed]

40. Guerrero, A.C.; Pinheiro, S.R.; de Moraes, Z.M.; Vasconcellos, S.A.; Ito, F.H.; Ferrero Neto, J.F. Influence of organic soil on the
mycobactericidal activity of the commercial sodium hypochlorite with a 2.5 per cent of active chlorine. Braz. J. Vet. Res. Anim. Sci.
1993, 30, 211–216. [CrossRef]

41. Venkitanarayanan, K.S.; Lin, C.M.; Bailey, H.; Doyle, M.P. Inactivation of Escherichia coli O157:H7, Salmonella enteritidis, and
Listeria monocytogenes on apples, oranges, and tomatoes by lactic acid with hydrogen peroxide. J. Food Prot. 2002, 65, 100–105.
[CrossRef] [PubMed]

42. Ogata, N. Denaturation of protein by chlorine dioxide: Oxidative modification of tryptophan and tyro-sine residues. Biochemistry
2007, 46, 4898–4911. [CrossRef]

43. Kuhn, R.C.; Jermano, J.D. Proteases e inibidores no processamento de surimi. Rev. Bras. Agrociência 2002, 8, 5–11. Available online:
https://periodicos.ufpel.edu.br/index.php/CAST/article/view/426 (accessed on 10 September 2022).

44. Hawkins, C.L.; Davies, M.J. Inactivation of Protease Inhibitors and Lysozyme by Hypochlorous Acid: Role of Side-Chain
Oxidation and Protein Unfolding in Loss of Biological Function. Chem. Res. Toxicol. 2005, 18, 1600–1610. [CrossRef]

45. Pattison, D.I.; Davies, M.J. Absolute Rate Constants for the Reaction of Hypochlorous Acid with Protein Side Chains and Peptide
Bonds. Chem. Res. Toxicol. 2001, 14, 1453–1464. [CrossRef]

46. Tondo, E.C.; Machado, T.R.M.; Malheiros, P.D.S.; Padrão, D.K.; Carvalho, A.L.D.; Brandelli, A. Adhesion and Biocides Inactivation
of Salmonella on stainless stell and polyethylene. Food Microbiol. 2010, 41, 1027–1037. [CrossRef]

https://doi.org/10.1016/j.fm.2017.01.004
https://www.ncbi.nlm.nih.gov/pubmed/28213027
https://doi.org/10.1016/j.ijfoodmicro.2015.05.017
https://doi.org/10.1016/j.foodcont.2014.01.034
https://doi.org/10.1007/s00203-021-02503-3
https://www.ncbi.nlm.nih.gov/pubmed/34368885
https://doi.org/10.1016/j.aquaculture.2018.11.034
https://doi.org/10.5851/kosfa.2016.36.1.100
https://doi.org/10.4315/0362-028X.JFP-12-320
https://www.iso.org/obp/ui/#iso:std:iso:17604:ed-2:v1:en
https://doi.org/10.3382/ps/pex346
https://www.ncbi.nlm.nih.gov/pubmed/29346603
https://doi.org/10.34119/bjhrv3n4-169
https://doi.org/10.4315/0362-028X.JFP-12-499
https://www.ncbi.nlm.nih.gov/pubmed/23726200
https://doi.org/10.4315/0362-028X.JFP-10-429
https://www.ncbi.nlm.nih.gov/pubmed/21375869
https://doi.org/10.11606/issn.1678-4456.bjvras.1993.52034
https://doi.org/10.4315/0362-028X-65.1.100
https://www.ncbi.nlm.nih.gov/pubmed/11808779
https://doi.org/10.1021/bi061827u
https://periodicos.ufpel.edu.br/index.php/CAST/article/view/426
https://doi.org/10.1021/tx050207b
https://doi.org/10.1021/tx0155451
https://doi.org/10.1590/S1517-83822010000400022


Microbiol. Res. 2024, 15 353

47. Asakura, H.; Kawamoto, K.; Shirahata, T.; Makino, S. Changes in Salmonella enterica Serovar Oranienburg Viability Caused by
NaCl-Induced Osmotic Stress Is Related to DNA Relaxation by the H-NS Protein during Host Infection. Microb. Pathog. 2004, 36,
147–151. [CrossRef] [PubMed]

48. Dong, T.; Schellhorn, H.E. Role of RpoS in virulence of pathogens. Infect. Immun. 2010, 78, 887–897. [CrossRef] [PubMed]
49. Nickerson, C.A.; Curtiss, R. Role of Sigma Factor RpoS in Initial Stages of Salmonella typhimurium Infection. Infect. Immun. 1997,

65, 1814–1823. [CrossRef] [PubMed]
50. Chiang, S.M.; Dong, T.; Edge, T.A.; Schellhorn, H.E. Phenotypic Diversity Caused by Differential RpoS Activity among Environ-

mental Escherichia coli Isolates. Appl. Environ. Microbiol. 2011, 77, 7915–7923. [CrossRef]
51. Zhi, S.; Banting, G.; Li, Q.; Edge, T.A.; Topp, E.; Sokurenko, M.; Scott, C.; Braithwaite, S.; Ruecker, N.J.; Yasui, Y.; et al. Evidence of

Naturalized Stress-Tolerant Strains of Escherichia coli in Municipal Wastewater Treatment Plants. Appl. Environ. Microbiol. 2016, 82,
5505–5518. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.micpath.2003.10.006
https://www.ncbi.nlm.nih.gov/pubmed/14726232
https://doi.org/10.1128/IAI.00882-09
https://www.ncbi.nlm.nih.gov/pubmed/19948835
https://doi.org/10.1128/iai.65.5.1814-1823.1997
https://www.ncbi.nlm.nih.gov/pubmed/9125566
https://doi.org/10.1128/AEM.05274-11
https://doi.org/10.1128/AEM.00143-16

	Introduction 
	Materials and Methods 
	Strains of S. typhimurium 
	Preparation of Chlorinated Water and Monitoring of Total and Free Chlorine 
	Experimental Design 
	Susceptibility of S. typhimurium to 5 ppm and 2 ppm of Free Chlorine 
	Effect of Organic Matter on the Presence of Free Chlorine and Its Bactericidal Effect on S. typhimurium (Strain ATCC 10749 and Wild-Type P06) 

	Statistical Treatment 

	Results 
	Discussion 
	Conclusions 
	References

