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ABSTRACT

Objective: To analyze the common and widely marketed fishing products in the popular area of San Luis
Mextepec, in the state of Mexico belonging to the Mexican Republic to determine the hazards and potential
risks to health from consumption of those products.

Design/methodology/approach: Samples of fish fillet and whole shrimp were collected from available
fish shops in the popular aquatic food marketing area every week, for a month. The evaluation of their
microbiological quality was performed through test acrobic mesophiles, total coliforms, Salmonella, fungi, and
yeasts.

Results: The analysis of aerobic mesophiles in fish and shrimp indicated that they did not exceed the
permissible limits of the health standard, while coliforms in fish and shrimp 50% exceeded the permissible limit
in 100% and 50% of the samples respectively. For fungi in fish and shrimp they presented counts that ranged
between 8 and 2150 CFU/g, while the yeast values ranged between 95 and 1010 CFU/g. Finally, in the analysis
of Salmonella, 50% of fish and shrimp samples tested positive for the presence of the pathogen, exceeding the
limit established by health standards and indicating a health risk for consumers.

Limitations on study/implications: This study should be replicated at another time of the year since the
type and degree of contamination in fish and shrimp can vary, influencing microbiological hazards and risk
to the health of consumers.

Findings/conclusions: The microbiological analysis of marketed fish and shrimp indicated the presence of
microbiological contamination that influences their quality and safety, becoming a hazard and public health
risk.

Keywords: Quality, pathogens, foodborne diseases, food safety, fish, public health.

INTRODUCTION
Fish 1s a food rich in vitamins, minerals, lipids (polyunsaturated) and proteins. For
the above, fish is considered an important part of human nutrition, where the Food
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and Agriculture Organization (FAO) has recommended its consumption twice or
more times a week (de Oliveira & Amancio, 2012; Murillo et al., 2023). For definition
purposes, the term fish refers to fish, crustaceans, mollusks, among other members of
aquatic environments intended for human consumption (de Paiva Soares & Gongalves,
2012; de Oliveira & Amancio, 2012). As a food, fish is an important part of cultural
traditions around the world, in addition to being among the most commercialized foods,
and being fundamental in global and local economic aspects (Murillo et al., 2023).
Despite its nutritional benefits, fish tends to be very susceptible to deterioration and
contamination due to autolysis, oxidation and microbiological activity, reducing its shelf
life, and becoming a risk of disease for consumers (de Paiva Soares & Gongalves, 2012).
Foodborne diseases are currently an important public health problem worldwide due to
the extent of their impact (de Paiva Soares & Gongalves, 2012; Torrens et al., 2015) and
negative economic and social impact, being the most vulnerable populations the elderly,
children and the immunocompromised, as well as the population living in high levels of
poverty and unhealthiness (Torrens et al., 20153). Fish and related products have been
identified as high-risk food implicated in various outbreaks around the world, where
the main contaminating agents being microorganisms which are the main causes of
contamination due to inadequate handling, conservation conditions and practices (Olea
et al., 2012; Lépez et al., 2013; Espinosa et al., 2014). In Mexico, gastrointestinal diseases
due to the consumption of microbiologically contaminated foods are also one of the
main public health problems, with the low socioeconomic levels of the population being
the most affected (Herndndez et al., 2011). Therefore, this study focuses on the analysis
of common and widely marketed fishing products at San Luis Mextepec, in the state of
Mexico, which is part of the Mexican Republic, to determine the hazards and potential

risks to the health’s public from consumption of these products.

MATERIALS AND METHODS
Area and sample collection

The fish samples consisted of carp (Cyprinus carpio communis) in fresh fillet presentation
and whole frozen shrimp (Farfantepenaeus brevirostris) that were collected randomly from
two available fish shop (A and B) in the central area of San Luis Mextepec, where the
popular sale of foods of aquatic origin takes place. The samples collected consisted of 2
fillets (150 g) and 2 whole shrimp (603 g) per fish shop per week for 4 weeks between the
months of June and July 2023, for a total of 32 samples.

Methodology

The samples were collected following the NOM-109-SSA1-1994 procedure
and transported in aseptic and cold conditions to the laboratory of the Universidad
Auténoma Metropolitana, Lerma Unit, for analysis. Once in the laboratory, the samples
were subjected to the analysis of total aerobic mesophiles (AM) (NOM-092-SSA1-1994),
total coliforms (TC) (NOM-113-SSA1-1994), Salmonella spp. (NOM-114-SSA1-1994),
fungi (F) and yeasts (Y) (NOM-111-SSA1-1994). The studies were done in triplicate.
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Analysis of data
The data analysis was performed using the Microsoft Excel spreadsheet software for
Windows version 15 (2013).

RESULTS AND DISCUSSION
Aerobic mesophiles (AM) and total coliforms (TC)

The carp fillet samples from fish shop A, during their second week of study, obtained
the highest values for AM ranging between 26,400 and 25,500 CFU/g, while for fish
shop B the highest proportions were found in samples collected in the third week of the
study, ranging between 22100 and 22600 CFU/g, where no one exceeded the permitted
health limit. Meanwhile, for TC, all carp fillet samples exceeded the sanitary limit, with
the highest proportions in samples from fish shops having values between 9300 and
18450 CFU/g in the second week of the study. For shrimp, the highest proportions of AM
found were 16,400 and 14,500 CFU/g in samples from week 2 of the study from fishery
B, although without exceeding the sanitary limit. Finally, for TC in shrimp, 50% of the
samples exceeded the sanitary limit, being the samples from fish shop B, in week 1 (W),

with the highest proportions obtained ranging from 2450 to 5300 CFU/g (Table 1).

AM are microbiological indicators of food quality, where high counts indicate

contaminated raw materials or unsatisfactory processing treatments, inadequate time/

Table 1. Microbiological analysis of AM and TC in carp samples (Cyprinus carpio communis) in fresh fillet presentation and frozen whole shrimp

(Farfantepenaeus brevirostris).

FS w C AM TC S AM TC MSAM MSC
CFU/g CFU/g CFU/g CFU/g CFU/g*A | CFU/g+
| 1 13800282 2320254 1 2250+353 275%35
2 15050777 4000707 2 2500282 750x70
1 26400%£1979 18450%£2192 1 2400+ 141 2375+106
A : 2 25500%707 9300989 2 2050x212 135070
5 1 21600%£989 139001555 1 4800%282 1400+ 141
2 22150212 9350+919 2 5450%353 1150%212
A 1 13950+ 1060 5350%919 1 1750+212 550£70
2 14850212 4050%1343 2 2002+ 144 450%70 ; 5
1X10 1X10
| 1 13450550 2550%450 1 9050£950 2450%50
2 13550650 1600+400 2 7600+400 5300200
9 1 20700%2700 9650+350 1 16400600 2160+40
B 2 21000%2400 9300700 2 14500%500 206535
1 22100%1100 12450550 1 2400200 730+20
’ 2 22600x600 88001200 2 2800200 665*45
4 1 11300500 4200800 1 50001000 675%75
2 11050750 2700500 2 65001500 325+25

F'S: Fish shop. W: Study week C: Carp sample. S: Shrimp sample. AM: aerobic mesophiles, TC: total coliforms, CFU: Colony-Forming Unit.
MSAM: Microbiological specification for aerobic mesophiles, MSC: Microbiological specification for coliforms. *NOM-027-SSA1-1993.
A ICMSF. +BOE-A-1991-2073.
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temperature conditions during storage. It should also be noted that the presence in a
high proportion may indicate that there were favorable conditions for the multiplication
of possible mesophilic pathogenic microorganisms of human or animal origin (Obregén
& Zambrano, 2017). Coliforms are Gram-negative bacteria, whose presence in food
can come from an environmental origin or from fecal contamination. Their presence
1s considered an indicator of inadequate cleaning operations, unsanitary conditions, or
contamination during or after processing stages, failures in process conditions such as
temperature management or critical control points (NOM-113-SSA1-1994). On the other
hand, a high presence of coliforms can lead to the monitoring of pathogens. It has been
pointed out that they are indicators of fecal contamination and the possible presence of
viral or bacterial pathogens (Barrera-Escorcia et al., 2013). In related studies Quintero
et al. (2012) reported that through the analysis of AM in fresh fillet of the species Mugil
cephalus, Scomberomorus sierra and Coryphaena hippurus, sold in two different points Mazatlan,
Sinaloa, Mexico, presented an average quality range of 5.2 to 5.9 log,, CFU/g, which
was within the maximum permissible sanitary limit for marketing. Morales et al. (2004) in
a microbiological study that involved different microorganisms, including total coliforms
from the skin or surface of O. niloticus produced in the northern area of Costa Rica intended
for human consumption, reported that 74% of the samples analyzed had a proportion = 10°
CFU/g, reflecting poor hygiene in their production, high contamination of the waters of
origin and involving a risk to public health.

Fungi (F) and yeast (Y)

In carp fillet, the highest proportions of fungi were found during week 4 in samples
from both fish shops A and B with values that ranged between 2100 and 2150 CFU/g;
meanwhile, for Y, the highest proportions found throughout the study were in samples
from fish shop B during week 1 (W), having values of 2450 and 2260 CFU/g. For shrimp,
the proportion of I in samples ranged between 8 and 101 CIU/g, while for Y the values
were between 125 and 1010 CFU/g throughout the study (Table 2).

The determination of fungal organisms in food allows establishing an indicator of
inadequate sanitary conditions and practices in raw materials, production and storage
processes, in addition to health risks due to foods contaminated by the potential presence
of mycotoxins (NOM-111-SSA1-1994; Centeno & Rodriguez, 2005). Currently, official
Mexican standards do not have microbiological limits for fungi and yeasts in frozen fish
fillets or shrimp. In related studies Centeno & Rodriguez (2005) reported average counts
of F and Y in Scomberomorus spp., and Merluccius spp., of 1.9X103 CFU/g and 2.0 x 102
CFU/g respectively, both marketed in markets Sucre, Venezuela.

Salmonella

The analysis of carp and shrimp fillet samples from fish shops A and B indicated
that 50% tested positive for Salmonella spp., presence, exceeding the limit established
by health standards in food, and indicating a risk to the health of consumers (Table 3),
especially if consumed in a raw state as in typical culinary preparations of the country as

the ceviche.
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Table 2. Microbiological analysis of I and Y in samples of fresh fillet carp (Cyprinus carpio communis) and
whole frozen shrimp (Farfantepenaeus brevirostris).

W@ Crujg CrUjg Crujg CrUjg
1 1 8x3 113x17 1 957 225+35
2 20*+4 115*21 2 9014 212x17
2 1 25070 325+35 1 93+10 450%70
A 2 1057 317x24 2 96+6 35070
3 1 125+35 11014 1 15x7 235+49
2 112x17 1057 2 8+3 290x14
4 1 2150x70 1023 1 95x7 215+21
2 2100x141 190x14 2 90=*+14 222+31
1 1 1125%£25 2450%50 1 95%5 550%£50
2 725%25 2260+40 2 97+3 650%£50
2 1 225925 190x10 1 96=%5 1010x110
B 2 325%25 290%10 2 95%5 230x30
3 1 125+25 95+£5 1 45%5 125+25
2 110x10 1055 2 9+1 24040
4 1 2150%50 103x3 1 1011 325+25
2 2125%75 190x10 2 955 315x15

FS: Fish shop. W: Study week. C: Carp sample. S: Shrimp sample. I': Fungi, Y: Yeasts, CFU: Colony-

Forming Unit.

Table 3. Microbiological analysis of Salmonella spp., in samples of carp (Cyprinus carpio communis) in fresh fillet presentation and whole frozen

shrimp (Farfantepenaeus brevirostris).

FS W C Salmonella spp. Presence/ S Salmonella spp. Presence/ | Microbiological specification for
Absence in 25g. Absence in 25g. fish and products *A A
1 Absence 1 Absence
: 2 Absence 2 Absence
1 Absence 1 Presence
: 2 Absence 2 Presence
A 1 Presence 1 Presence
] 2 Presence 2 Presence
1 Presence 1 Presence
i 2 Presence 2 Presence .
1 Absence 1 Presence Absence in 25
: 2 Absence 2 Presence
1 Absence 1 Absence
: 2 Absence 2 Absence
B 1 Presence 1 Absence
: 2 Presence 2 Absence
1 Presence 1 Absence
! 2 Presence 2 Absence

FS: Fish shop. W: Study week. C: Carp sample. S: Shrimp sample. *NOM-027-SSA1-1993, A NOM-242-SSA1-2009, A NTE-INEN 183-

2013, 6 BOE-A-1991-20734.
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Salmonella spp., is a bacteria considered one of the zoonotic agents responsible for
numerous cases of foodborne illnesses, including fish, around the world (Arias & Buelga,
2005; Espinosa et al., 2014), mainly from waters contaminated with fecal matter and
associated with inadequate hygiene conditions and practices during the processing,
conservation, or post-capture handling of fish (Arias & Buelga, 2005). In this study, the
variation in the qualitative and quantitative microbiological analysis found in fish and
shrimp may be associated with changes in hygienic handling conditions, post-capture
product temperature control and marketing in sampling fisheries during the study period.
In a related study Cedenio et al. (2021) reported that the marketed tuna (7hunnus alalunga),
sold at the municipal market of Chone, Ecuador, had a presence of Salmonella of 100% in

the samples analyzed, considering them as risk to the health of consumers.

CONCLUSIONS

The evaluation of fish and shrimp sold in the area indicated the presence of
microbiological contamination that may influence their quality and safety, becoming a
hazard and risk to the health of consumers. In the microbiological analysis, the proportion
of AM in 100% of the samples was below the limit of the health standard. For TC in fish,
100% of the samples and 50% of the shrimp samples were above the permissible sanitary
limit, while Salmonella spp., was found in 50% of the fish and shrimp samples, exceeding
the permissible sanitary limit and being considered a risk to the health of consumers. As
a recommendation, it is essential to reinforce training in the hygienic handling of fish in
post-capture and marketing conditions to reduce the microbial load and risk of food-borne

diseases.
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