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Abstract :

Foodborne diseases are considered a public health challenge worldwide, due to their high
morbidity and mortality. Fish is a highly nutritious food and consumed around the world;
however, fish is also a perishable and an easy-to-contaminate food. The presence of pathogenic
microorganisms in fish for human consumption is of high risk to public health. The objective of
the present investigation was to carry out the microbiological evaluation of fresh Nile tilapia
(Oreochromis niloticus) marketed in fillet presentation in the “Juan Escutia” market in Tepic
Nayarit, Mexico. The samples collected consisted of fresh fillet from different fish shop in the
market. The microbiological analysis was of Aerobic Mesophylls (AM), Mold and Yeasts, Total
Coliforms (TC) and Fecal Coliforms (FC), Salmonella spp., and S. aureus. In 100% of the samples
they presented AM accounts below what was established in the sanitary regulations, regarding
mold the maximum value was 490 CFU / g and yeasts of 540 CFU / g, TC and FC were present in
the 16.6% of the samples values above the microbiological limits established in sanitary
regulations, while 33.3% of the samples were also outside the microbiological limit for
Salmonella spp., and S. aureus. The study showed evidence of the potential health risk in the
consumption of these foods sold in this market primarily if it is in raw state.
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Introduction
Foodborne Diseases (FD) are considered a syndrome caused by the ingestion of contaminated food
or water with etiological agents in amounts that affect the health of the consumer. These diseases
are characterized by the appearance of a variety of gastrointestinal symptoms, ranging from
nausea, vomiting, diarrhea, abdominal pain and fever; and in some cases severe complications,
such as sepsis, meningitis, abortions, Reiter's syndrome, Guillan Barré syndrome or death (51).

Foodborne diseases are established as a major challenge in public health worldwide, due to their
high morbidity and mortality. These diseases have, as main population target, groups affecting
children, pregnant women and the elderly, leading to economic losses, high costs in health services,
implementation and monitoring of food safety policies (2,42,47).

Approximately 250 agents causing foodborne diseases have been described, including bacteria,
viruses, fungi, parasites, prions, toxins, chemicals and metals (27,42). The most frequent FD are those
of biological origin, having mainly as causative agents to bacteria: Salmonella spp., Campylobacter
spp., Shigella spp., Vibrio spp., Yersinia spp., Escherichia coli, S. aureus, Aeromonas hydrofila,
Bacillus cereus, Clostridium perfringens, Listeria monocytogenes, among others (27,47,51). In
recent years, the increase in these diseases has as contributing factors the commercial globalization
of food, urbanization, changes in the eating habits of society, which include the consumption of
packaged foods, meals outside home, stands of prepared foods and fast food (42,47,52).

The World Health Organization (WHO) estimates that, worldwide, the FD affect 1 in 10 people
annually, and cause approximately 42,000 deaths, mainly in children under 5 years old (56).

In Mexico, according to the National Epidemiological Surveillance System (SINAVE Spanish
acronym), during the corresponding week 27 from June 30 to July 6, 2019, reported approximately
6,000,000 cases of intestinal infectious diseases (typhoid fever, paratyphoid, other salmonellosis,
shigellosis, bacterial food poisoning, amebiasis, intestinal infections due to protozoa, giardiasis,
helminths, ascaris, and intestinal infection by other microorganisms and poorly defined), where
also the largest proportion of these diseases occurred in women (14).

Fishing and aquaculture are important sources of food, nutrition, income and livelihoods for
hundreds of millions of people worldwide; only in year 2014 the global supply of fish per inhabitant
reached 20 kg (17). Fish is a highly commercialized and nutritious food because it is a source of
protein, lipids (ω-3), vitamins and minerals (17,18,30). Fish is currently seen as a substitute for
beef, pork and poultry, because consumers nowadays demand meat with a lower fat content, in
order to comply with a healthy lifestyle (49). However, and regarding its nutritional properties, is
a highly perishable food and susceptible to contamination (17,18,30). After the capture and death
of the fish, it gradually undergoes deterioration processes due to autolysis, lipid degradation and
microbial activity (18, 30).

The fish can house various microorganisms derived from its initial load which will depend on the
time of the year, species, food, physicochemical and biological characteristics of the environment
from which it is captured and cultivated, as well as the capture system; or in post-harvest activities
(storage and handling) it can be contaminated by modifying its microbiological quality (11, 18, 47).

Among the pathogenic bacteria transmitted by fish are those indigenous (C. botulinum, Aeromonas
hydrophila, Listeria monocytogenes, V. cholerae, V. parahaemolyticus) distributed in aquatic
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environments around the world where water temperatures have a selective effect and form part of
the fish's natural microbiota; and non-indigenous bacteria (Salmonella spp., Shigella spp., E. coli,
and S. aureus) present in fish as a result of fecal contamination of water where it is captured,
cultivated or derived from poor handling practices becoming a potential carrier of diseases and a
risk to the health of consumers (23,46,48,49).

In Europe countries such as Spain, through the National Network of Epidemiological Surveillance
(RENAVE Spanish acronym) and for the period 2008-2011, they reported a total of 2,342 outbreaks
of FD with 30,219 cases, being the main causative agents, related to the outbreaks, bacteria such as
Salmonella spp., Staphylococcus aureus, Bacillus cereus, E. coli, among others; further identifying
that in 69.5% of the outbreaks the food involved was mainly eggs, egg products and mayonnaise
(24.6%), seafood (7.4%), fish and fish products (6.5%) (16).

Meanwhile in countries of South America such as Chile, the Ministry of Health reported 1,164
outbreaks of FD with 7,841 cases for 2013, where from the total outbreaks in 10 % of them it was
possible to identify the causative agent, being Salmonella spp., the responsible for 54 % of them;
likewise, it was found that the main foods involved corresponded to prepared meals and dishes (40
%), fish and fishery products (32%) and eggs and ovo-products (10%) (27).

Food safety is defined as the guarantee of the foods to not cause any harm to the health of
the consumer (27,52). Food safety is a fundamental attribute of quality and has an impact on
society, involving consumers, government, food industry and academia, so around the world various
technologies, hygiene practices, preventive and management systems have been implemented of
safety in food production (27). Within hygiene practices in food production, health legislations
around the world have established limits to the presence of pathogenic microorganisms or those
responsible for deterioration, in order to guarantee the quality and safety of these foods and protect
public health (18,47).

The microbiological or sanitary quality of food can determine that these can cause infections and
food poisoning, as well as alterations or deterioration that affect the natural characteristics of the
food (8,21).

Sanitary control in food production is essential to reduce risk factors in the transmission of foodborne
illness and protect consumer health. Microbiological criteria in the food industry and regulatory
agencies contribute to the guidelines in the control of food safety systems. Microbiological criteria
can be used as: 1. Indicator microorganisms, which is defined as those microbial groups that share
some morphological, physiological or ecological characteristics whose presence in large quantities
correlates with poor hygienic quality and contamination of food, and 2. The presence of pathogenic
microorganisms (19,21).

Among the indicator microorganisms used to determine the sanitary quality of food in microbiological
aspects are: aerobic mesophylls, osmophilic, psychotrophs, molds, yeasts, enterococci, total
coliforms, fecal coliforms, pathogens such as Salmonella spp., S. aureus, Listeria monocytogenes,
among others (7,8,19,21).

Since there are no reports available of the microbiological analysis of fish and products marketed in
the city of Tepic, Nayarit México and specifically of tilapia, in order to determine the potential health
risks of this food in consumers. The objective of the present investigation is the microbiological
evaluation of fresh Nile tilapia (Oreochromis niloticus) marketed in its fillet presentation in fish
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shops from the popular market “Juan Escutia”, in the city of Tepic Nayarit, Mexico.

Materials and methods

Study zone

The study was conducted in the city of Tepic, capital of the state of Nayarit in Mexico, which is
located in western Mexico (21º 30 59 and 104º 53 39) (5) (figure 1).

Sample collection

The place to obtain the fish sample was the popular “Juan Escutia” market that is located in
the downtown area of the capital city, Tepic. The sample consisted of fresh fish as Nile tilapia
(Oreochromis niloticus), which was collected from 4 different fish shops inside the “Juan Escutia”
market (A, B, C, D) for 4 weeks in the period between the months of February and March, 2019.
Every week 3 samples were collected from a different fish shop, with a total of 12 samples for the
study. Fresh fish prior to its collection was subjected to minimal processing through operations such
as eviscerated and filleted by personnel from fish shop; the resulting fish fillets were then collected
and transported in cold and aseptic conditions to the laboratory of the technological university
of Nayarit, and following the methodology of the official Mexican standard (35) for subsequent
preparation and microbiological analysis.
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Figure 1: Geographical location of the city of Tepic, Nayarit in Mexico.

The geographical coordinates of the state of Nayarit are Longitude 106° 41'16.8"W at 103°43'15.6" W, Latitude
20°36'11.52 "N at 23°5'4.2" N (https://www.inegi.org.mx/app/areasgeograficas/?ag=18) (25). The city of Tepic is
located in the central part of the state of Nayarit, at the extreme geographical coordinates 21° 51' and 21° 24' of
latitude N and 104° 34' and 105° 05' of longitude W (5). The “Juan Escutia” market is located in the downtown area of
the city of Tepic, the geographical coordinates are: 21° 30´47”N 104 ° 53´34” W (22)

Sample preparation

Prior to the microbiological analysis, the sample was prepared and followed the methodology of the
official Mexican standard (36), where 10g of the sample were weighed, liquefied and homogenized
within 90 ml of diluent (Buffer phosphate saline or peptonated water) to generate a primary

dilution and, subsequently, the additional decimal dilutions (10-1,10-2) were carried out for later
microbiological analysis.

Microbiologic analysis

Aerobic mesophylls

The analysis was carried out by duplicate, which consisted on placing 1 ml of sample in a Petri
dish and subsequently emptying the standard account agar (DIBICO®), homogenized, solidified
and then incubated the plates to 48 h and at 35 ± 2 °C; after this time the developed colonies were
counted, the results were reported as CFU / ml or g of sample (29,34).
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Molds and yeasts

The analysis was carried out by duplicate, which consisted on placing 1 ml of sample in a Petri
dish and subsequently emptying the potato dextrose agar (PDA) (BD Bioxon®) acidified with 10%
tartaric acid, homogenized and solidified; after that, the plates were incubated for 5 days at 25 ±
1 °C, after this time the developed colonies were counted, and the results were reported as colony-
forming unit CFU / ml or g of sample (37).

Total and fecal coliforms

It consisted on presumptive tests (lauryl sulfate tryptose broth (DIBICO®)), and confirmatory
(bright green bile lactose broth (DIFCO®)) through multiple lactose fermentation tubes (tube
dilution) of the Most Probable Number (MPN), which provides a statistical estimate of the microbial
density present based on the probability of obtaining tubes with positive growth that decreases as
the inoculated sample volume is smaller. Coliform bacteria ferment lactose when incubated at 35 ±
1°C (total coliforms) and 44.5 °C (fecal coliforms) for 24 to 48 hours, resulting in the production of
acid and gas (7,19,29,32,38).

Pathogen analysis

Staphylococcus aureus

The analysis of presence of S. aureus in food was carried out, using the selective and differential
culture medium (Baird-Parker) (DIBICO®), and confirmation by means of the biochemical tests of
catalase, coagulase and thermonuclease (19,29,40).

1.1 ml of sample was deposited on the surface of the Baird-Parker agar plates and the inoculum
was distributed on the surface of the agar. The plates were held in position until the inoculum
was absorbed by the agar. The plates were inverted and incubated 48 h at 35 °C. Plaques that
had typical colonies of Staphylococcus aureus were selected. Typical colonies of S. aureus were
considered to be black, circular, bright, convex, smooth, 1 to 2 mm in diameter showing an opaque
and light halo around the colony. Typical colonies were selected for testing catalase, coagulase and
thermonuclease for confirmation (19,29,40).

Salmonella spp

For the analysis, different stages were used, such as pre-enrichment (lactose broth) (DIBICO®),
selective enrichment (selenite cystine broth (DIBICO®), tetrathionate broth (DIBICO®) or
Vassiliadis-Rappaport), isolation in selective and differential culture media (Bismuth Sulphite Agar
(SB) Difco®), Xylose Lysine Deoxycholate Agar (XLD) (BD®), Salmonella and Shigella Agar (SS)
(BD Bioxon®)), and biochemical identification (Triple Sugar Iron Agar (TSI), Lysine Iron Agar
(LIA), Sulfide Indole Motility Medium (SIM), citrate (DIBICO®)). 25 g of the sample was aseptically
weighed, homogenized and 225 ml of the sterile pre-enrichment medium (lactose broth) was added
and homogenized for 1 minute. The homogenate was aseptically transferred to a sterile container
or bottle, its pH was measured and, if necessary, pH was adjusted to 6.8 it was put for 60 minutes
at room temperature.
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The bottle was then incubated for 24h at 35 °C. Once this time was over, 1 ml of the mixture
was transferred to a tube with 10 ml of tetrathionate broth and to another with 10 ml of
selenite cystine broth. The tubes were incubated from 18 to 24 h at 35 °C. After this time,
the contents of the tubes were homogenized with culture broth and each was striated in Xylose
Lysine Deoxycholate Agar (XLD), Bismuth Sulfite Agar (BS) and Salmonella-Shigella Agar (SS).
The plates were incubated for 24h at 35 °C. After that, it was observed if there was growth of
characteristic colonies to Salmonella spp., in the selective and differential agars. In XLD agar: the
colonies are pink or red, can be transparent with or without black center and, in some cases,
they may appear completely black. In BS agar: typical colonies can be brown, gray or black; with
or without metallic brightness, and some strains produce green colonies without the formation of
the dark halo. In SS agar: the colonies of Salmonella spp., are translucent colonies, occasionally
opaque (some colonies give black center); typical Salmonella colonies were selected and inoculated
in tubes with triple iron sugar agar (TSI) and lysine iron agar (LIA), incubated 24 h at 35 °C for
biochemical identification. Characteristic reactions and growth to Salmonella spp., were observed,
and complementary biochemical identification was performed. Results are reported as: presence
or absence of Salmonella spp., in 25 g or ml of sample (29,39).

Analysis of data

The data analysis was performed using the Microsoft Excel spreadsheet software for Windows
version 15 (2013).

Results

Microbiological indicators: aerobic mesophylls, total and fecal
coliforms

Table 1 shows the results obtained in the count of Aerobic Mesophylls (AM), Total Coliforms (TC)
and Fecal Coliforms (FC). Of the results obtained, the fish shop that obtained the highest counts
was “A” with 79500 CFU / g followed by “B”, with 83500 CFU / g, “D” 47000 CFU / g and finally
“C” with 13900 CFU / g.
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Table 1: Count of Aerobic Mesophylls (AM), Total Coliforms (TC) and Fecal Coliforms (FC)
in tilapia fillet (Oreochromis niloticus) sold in different fish shop of the “Juan Escutia”
market in the city of Tepic Nayarit, Mexico.

Fish shop Sample AM

CFU/g

TC

MPN/g

FC

MPN/g

Microbiological

Criteria CFU/g*+

Microbiological Criteria

MPN/g*

A 1 57500 ± 7778 460 460 1 x 107 400

2 78000 ± 7071 120 120

3 79500 ± 9192 460 460

B 1 83500 ± 6393 240 7

2 54000 ± 11313 21 4

3 49000 ± 7071 150 15

C 1 13900 ± 3252 16 16

2 9500 ± 282 16 11

3 10850 ± 636 64 64

D 1 38500 ± 7077 <3 <3

2 47000 ± 7071 9 <3

3 46000 ± 2828 3 <3

TC: total coliforms. FC: fecal coliforms. CFU: Colony-Forming Unit. MPN: Most Probable Number. References:* (33,41).
+(24).

For the total coliforms (TC) and fecal coliforms (FC), all fresh fillet samples showed signs of
contamination by these microorganisms, where only the counts in the fillet samples from the “A”
fish shop exceeded the microbiological criteria of official Mexican standards with 460 MPN / g, not
being suitable for human consumption due to the health risk, and even its presence may indicate
the existence of enteric pathogens such as Salmonella spp., Low levels of fecal coliforms may
indicate good post-capture and storage manipulation at temperatures that prevent the proliferation
of these microorganisms. It should be noted that in fish the detection of a high proportion of FC
indicates a contamination by wastewater or bad handling practices since their natural habitat is the
gastrointestinal tract of humans and other mammals (30). In this region of Mexico it is common to
consume this type of fish in the form of ceviche, which involves in its preparation the use of raw fish.
Although ceviche is a typical dish in different regions of Latin America and that it’s prepared based
on onion, spices and pH below 4 whose conditions will inhibit FC and different food pathogens,
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its presence has been reported being therefore a risk that the final consumer is running when
acquiring a product with bad hygiene practices in its handling and conservation conditions (8).

Molds and yeasts

Table 2 shows the count of fungi and yeasts in fresh tilapia fillet from different fish shop in the
“Juan Escutia” market.

The highest values for filamentous fungi were located in the samples from fish shop “D” with a
maximum value of 490 CFU / g followed by 470 CFU / g in the samples from fish shop “C”. While in
yeast, the highest values were those corresponding to samples from fish shop “A” with 540 CFU/g.

Table 2. Count of molds and yeasts in tilapia fillet (Oreochromis niloticus) sold in different fish shop
of the “Juan Escutia” market in the city of Tepic Nayarit, Mexico.

Fish shop Sample Molds
CFU/g

Yeasts CFU/g

A 1 10±1 170±3

2 60±1 540±2

3 80±1 330±1

B 1 60±1 85±1

2 45±1 60±1

3 65±1 10±1

C 1 470±1 20±1

2 390±1 50±1

3 170±1 10±1

D 1 280±1 25±1

2 490±1 10±1

3 430±1 10±1

CFU: Colony-Forming Unit.

Pathogens: Salmonella spp., and S. aureus.

Table 3 shows the result of the qualitative analysis of Salmonella spp., and the quantitative analysis
of Staphylococcus aureus in tilapia fillets (Oreochromis niloticus) from several fish shop of the
“Juan Escutia” market in the city of Tepic, Nayarit.

For Salmonella spp., only the fish shop “C” of the 4 under study the presence of Salmonella spp.,
was negative, while in 66.6% of samples from fish shop “A” and “D” and 33.6% in samples from
fish shop “B” were positive for Salmonella spp., and therefore outside the limits or microbiological
criteria of different regulations for fish and meat products around the world, such as the official
Mexican standards (NOM-027 and NOM-242), the commission regulation (EC) No 2073/2005 (10)
and the Resolution RDC No. 12 of the National Health Surveillance Agency of Brazil (ANVISA
portuguese acronym) (1) placing consumers at risk of salmonellosis.
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Table 3: Analysis of Salmonella spp., and Staphylococcus aureus in tilapia fillet
(Oreochromis niloticus) marketed in different fish shop of the “Juan Escutia” market in
the city of Tepic, Nayarit.

Fish
shop

Sample (Ausence / presence) of
Salmonella spp., in 25g

S.
aureus

CFU/g°

Microbiological criteria
for Salmonella spp.*+”

Microbiological
criteria for

S. aureus CFU/
g*”

A 1 Absence Absence Absence in 25g of sample 1 x 103

2 Presence Absence

3 Presence Abscense

B 1 Absence Absence

2 Presence Absence

3 Absence 25000

C 1 Absence 5200

2 Absence 8500

3 Absence Absence

D 1 Absence Absence

2 Presence 25000

3 Presence Absence

References: * (33,41). + (10). ”(1). °102 CFU / g (sensitivity method). CFU: Colony-Forming Unit.

On the other hand, the analysis of Staphylococcus aureus in tilapia fillets was not detected in
samples from fish shop “A”, while for fish shop “B” it was detected in 33.33% of samples, for fish
shop “C” (66.66%) and fish shop “D” (33.33%) with a maximum level of 25,000 CFU / g, exceeding
the microbiological criteria of sanitary regulations for these products and placing them as a
potential health risk for consumers.

Discussion

Microbiological indicators: aerobic mesophylls, total and fecal
coliforms

The results obtained from the analysis of aerobic mesophylls in the fresh fish fillets of the
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different commercial premises (table 1) demonstrate that these are below the microbiological
criteria allowed in the official health standard in Mexico, of the microbiological criteria established
by the American Public Health Association (APHA) of 100,000 CFU / g and microbiological limits
established by the International Commission on Microbiological Specifications for Food (ICMSF)
(1000000 to 10000000 CFU/g) (30)

Differences in AM value can be related to fish handling and storage conditions. The AM as
microbiological indicators in food indicate that a high proportion is due to inadequate storage
and handling in the sales establishment, where in many occasions these commercial places do not
present good sanitary conditions for the sale of this product (7,30).

For the results obtained in the analysis of total coliforms (TC) and fecal coliforms (FC) (table
1), all the samples of fresh fillet showed signs of contamination by these microorganisms, where
only the counts in the fillet samples from room “A” exceeded the microbiological criteria of
the official Mexican sanitary standard with 460 MPN / g, thus this food not being suitable for
human consumption due to the health risk, where even its presence may indicate the presence
of various enteric pathogens such as Salmonella spp. Low levels of fecal coliforms may indicate
good post-capture handling and storage at temperatures that prevent the proliferation of these
microorganisms, it should be noted that the detection of a high proportion of FC in fish is an
indication of contamination by wastewater or null or poor hygiene in handling, since the natural
habitat of these microorganisms is the gastrointestinal tract of humans and other mammals. (30).
In this region of Mexico it is common to consume this type of fish in the form of ceviche, which
involves raw fish in its preparation as the main ingredient. Although ceviche is typical food in
different regions of Latin America and is prepared from onions and spices with a pH lower than 4,
whose conditions can inhibit FC and different food pathogens. However, it has been reported that
the detection of FC is a potential risk to the health of consumers when acquiring a food subject to
poor hygiene practices under conditions of handling and conservation (8).

Molds and yeasts

Fungal microorganisms are generally aerobic, from nature cosmopolitan, they are found as part of
the normal microbiota of food or as contamination. They can intervene in food alteration processes
leading to deterioration and putrefaction due to the metabolism of carbohydrates, proteins and
lipids, leading to deterioration of nutritional quality, negative sensory characteristics (bad odor,
alteration of taste and color) on the surface of contaminated products, in addition to allowing the
growth of pathogenic bacteria (7,9,44).

The presence of fungi and yeasts in food can be an indicator of contamination derived from
procedures in inadequate hygienic and sanitary conditions (29). The sanitary regulation of Mexico
does not have microbiological limits or criteria for fungi and yeasts in fresh fish and products.
The importance of the presence of fungal organisms in fresh fish subjected to refrigeration and
freezing conditions is that they can intervene in deterioration processes affecting their quality
(9,15). Centeno and Rodriguez (9) reported for frozen fish filamentous fungus and yeast counts of

1.9 x 103 CFU / g in samples of fish (Scomberomorus spp.) and 2.0 x 102 CFU / g in samples of
Merluza (Merluccius spp.), where the main fungal isolates were Geotrichum candidum, Aspergillus
niger, Penicillium expansum and yeasts such as Rhodotorula spp., microorganisms resistant to
adverse environmental conditions and where their presence is related to the contamination of these
products during processing, compromising their shelf life and safety for consumption.
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Pathogens: Salmonella spp., and S. aureus.

Salmonella spp., is not part of the native microbiota of fish. The presence of Salmonella spp. In
fish has been related to contamination with fecal matter from natural waters or from the aquatic
environments from which it comes, in addition these microorganisms can survive for long periods
of time, and their presence may also be due to the application of poor hygiene practices for fish
farming and post-harvest, such as transport, processing, marketing and conservation activities.
(23,30,49). The detection of Salmonella spp., For sanitary regulation in food and public health is
of importance because it is one of the different causal agents frequently related to outbreaks of
foodborne illness. (2,16,23,30,49).

On the other hand, the analysis of Staphylococcus aureus in tilapia fillets was not detected in 100%
of samples from fish shop “A”, while for fish shop “B” it was detected in 33.33% of samples, for
fish shop “C” in 66.66% of samples and local “D” in 33.33% of samples with a maximum level of
25,000 CFU / g, exceeding the microbiological criterion of sanitary regulation for these products
and placing them as a potential health risk for consumers (table 3). Staphylococcus aureus is
responsible for outbreaks of foodborne illness called food poisoning, derived from the consumption
of food contaminated by this microorganism where it has multiplied and produced enterotoxins
(7,45). This microorganism is not part of the fish microbiota, its main reservoir is the be human
(skin and mucosa); thus, its presence in this food is indicative of post-capture contamination,
derived from handling by carriers and the use of contaminated materials and equipment (30,45).

In related studies on the sanitary quality of these foods, Junior et al.,(28) they reported that the
analysis of coliforms, Staphylococcus sp., and Salmonella spp., in samples of tilapia fillet from 10
supermarkets located in the northwestern region of the state of São Paulo, in Brazil, presented a
proportion of thermotolerant coliforms of between <3-100 MNP / g, Staphylococcus sp., <1.0 ×

102 to 9.4 × 103 CFU / g and absence of Salmonella spp., the author noted that qualitative and
quantitative results are indicators of inadequate hygiene practices in handling, preserving and fish
processing which must be supervised for the production and marketing of this type of food in order
to reduce the risks to public health. Ramirez et al.,(46) they performed a microbiological analysis
of red tilapia (Oreochromis sp.) Commercialized in the Municipality of El Colegio, Cundinamarca
in Colombia, reporting the absence of Salmonella spp., in 100% of samples, presence in 20%

of samples of Staphylococcus coagulase positive ( 9 x 105 CFU / 25g) and various members of
the Enterobacteriaceae family mostly related to the water from which the fish comes, such as K.
oxytoca, K. ozaenae, E. tarda, P. mirabilis and V. metschnikovii concluding the need to implement
periodic controls on good manufacturing practices and personnel hygiene that contribute to
reducing the degree of contamination in fresh fish shops and reducing the risk to public health.
Teka et al., (53) they carried out a microbiological analysis of raw frozen tilapia fillets (O. niloticus)
and undercooked in a hotel zone in Ethiopia, as well as an analysis of the implementation of
food safety practices for handlers. The author reported that 25% of the total samples had E. coli,
3.75% Salmonella spp., and 41.25% S. aureus; furthermore, a considerable percentage of handlers
did not implement 100% basic hygiene practices in food handling and preparation. Therefore, the
researcher suggests a strengthening of training in hygienic practices for food handlers, in addition
to the fact that public health authorities in the state must guarantee adequate supervision and
surveillance of the handling and sale of fish, especially of ready-to-eat products to in order to
reduce risks to public health.

And finally, Vazquez et al., (54) they carried out the microbiological evaluation (E. coli, Salmonella
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spp., and S. aureus) of fish and shellfish sold in four markets in the city of Huánuco, Peru. The
author reported the absence of Salmonella spp., And the presence of E. coli and S. aureus in all
samples collected in all markets in a total average proportion of 2,063,265 and 2,631,020 CFU /
g respectively, exceeding levels of the technical food standard, considering it a risk to the health
of the consumer, also indicates that a percentage greater than 50% of food handlers in their
marketing do not know the basic rules and regulations of hygiene which are a determining factor
in food safety.

The diversity of the microorganisms present in the fish will depend on various factors ranging from
the type of fish, capture habitat, water quality, among others (9.28,48). For live tilapia the microbiota
will depend on the existing one in the waters where it lives and presents a variety according to
the species, temperature, depth, and degree of contamination of the waters (28,31). Among the
microorganisms reported present are 1.- Gram negatives that include Pseudomonas, Shewanella,
Moraxella, Acinetobacter, Flavobacterium, Aeromonadaceae, and Enterobacteria (6,31). In the
case of members of the Enterobacteriaceae family, their presence is typical in the intestine of
animals, they cause serious pathologies and can contaminate food, especially tilapia meat; these
microorganisms can be transmitted to humans through: consumption, handling of contaminated
meat and traumatic wounds that frequently occur when in contact with the eviscerations of the
slaughtered animal. The most frequent microorganisms in tilapia that can be transmitted to humans
are: Escherichia coli, Klebsiella oxytoca, Citrobacter spp., Salmonella spp., Proteus spp., Vibrio
spp., Enterobacter spp. Shigella spp., among others (6,28). And 2.- Gram positives in variable
proportion such as: Bacillus, Micrococcus, Clostridium, Lactobacillus, Corynebacterium, among
others. Pathogenic or contamination-indicating bacteria are rarely found in fresh fish, unless it
comes from water excessively contaminated with fecal matter and / or poor hygiene practices
in handling (31,49). Therefore, with the microbial presence and if the inadequate treatment of
the food exists and the time to be subjected to preservation processes is prolonged, the product
represents a health risk (9).

Tilapia is considered a fish of good acceptance as food and an attractive option in its consumption
nationally and internationally, so its production is increasing, being its typical commercialization in
its fresh form and fillets (26,31). Fish is considered an important food from a nutritional, economic
and public health perspective, the latter for its association with foodborne illness (3,12,50).

Food safety is the guarantee that they will not generate illnesses for the consumer (20). Food
safety is an important public health issue at the global level, in addition to being one of the basic
characteristics that together with nutritional, sensory and commercial characteristics constitute
the total quality of food (13,20). In order to generate the control and prevention of hazards in fish
that lead to diseases transmitted by its consumption, this control must cover all phases of the food
chain (from primary production to the consumer's table) (27,28,43,49).

In order to reduce and control the hazards to fish safety throughout the food chain, the implementation
of different risk reduction tools is involved, such as good practices in aquaculture, fishing, and
manufacturing hygiene, as well as Sanitation Standard Operating Procedures (SSOP) which are
the basis for the implementation of food safety assurance systems such as the Hazard Analysis and
Critical Control Points (HACCP) system, the latter is widely requested to guarantee food safety, and
which is currently part of sanitary regulations, food safety standards and certifications (Safe Quality
Food SQF, British Retail Consortium BRC, ISO 22000, Food Safety System Certification FSSC
22000, GLOBAL GAP among others) for the production, acceptance and marketing global of food
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(4,20,27,28,43,49,55). Lastly, constant training in food hygiene for end handlers and consumers is
required, particularly in that this type of food must not be consumed in the raw state, it must be
subjected to heat treatment and maintained at adequate temperatures prior to consumption, in the
preparation avoid contact of raw and cooked food (cross contamination), as well as the use of good
quality water and harmless raw materials in its production, in order to avoid contamination of this
product and generate a potential risk to consumer health (27,28,43).

Conclusions
The microbiological analysis shows evidence that in the samples of freshly processed fish (O.
niloticus) minimally processed in its fillet presentation sold in the “Juan Escutia” market in the city
of Tepic, Nayarit, microbial growth was presented.

The microbiological indicators (aerobic mesophylls) in the samples of fresh fish (O. niloticus) in
their fillet presentation were within the limits or microbiological criteria in the official Mexican
standards for this food product.

Microbiological indicators (total and fecal coliforms) were presented in 16.6% of freshly fish
samples (O. niloticus) minimally processed in their fillet presentation, being those above the limits
or microbiological criteria established in the official Mexican standards for this product food.

In the analysis of pathogens such as Salmonella spp., and S. aureus, 33.3% of the samples of
fresh fish (O. niloticus) minimally processed in their fillet presentation were outside the limits
or microbiological criteria for these microorganisms established in the standards Mexican and
international officers for this food product.

Most of the tilapia (O. niloticus) minimally processed in its fillet presentation marketed in the
“Juan Escutia” market fish shop in the city of Tepic Nayarit, Mexico, met the requirements or
microbiological criteria established by the sanitary regulations for fish.

Fish is considered a nutritious food and is widely consumed around the world. However, it is
also very perishable and of easy microbiological contamination, being related to outbreaks of
foodborne illnesses, so it is essential to consider the control and prevention of these diseases
through fish, in addition to monitoring the sanitary quality will be not to consume this product raw,
maintain hygienic conditions in handling, processing and preservation, including cooking time and
temperature controls until its previous consumption in order to guarantee its safety.

As a recommendation derived from this study in order to reduce the presence of contamination
by pathogens and microbiological indicators outside the microbiological specification of the
corresponding food legislation for this food marketed in fish shops; it is suggested the permanent
implementation of training programs in good hygiene practices for production, processing,
conservation, distribution and sale, which is aimed at producers, processors, marketers and
general consumers. It is also necessary to install a system of Regular surveillance through
sanitary inspections and the microbiological analysis of the product by the corresponding sanitary
authorities in order to ensure the sanitary quality of this type of commercialized food and prevent
foodborne illnesses to the population that is supplied in the commercial zone.
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