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Abstract: Fish is a food with high nutritional value and an essential part of the human diet. However, this food is
highly perishable and poses a health risk when contaminated along the food chain, requiring preservation
processes at low temperatures. Trout (Oncorhynchus mykiss) is one of the most widely produced and marketed
fish species for human consumption worldwide, through products such as fresh or chilled fillets. The objective of
this study is to assess the bacteriological profile and freshness of trout (Oncorhynchus mykiss) fillets intended for
human consumption, stored at 5°C +1. The fish were obtained fresh and processed into fillets, which were then
stored for 12 days at 5°C £1. Every 48 h, the bacteriological profile (total coliforms, aerobic mesophiles, and
psychrophiles) and freshness of the fillets were analyzed. It was determined that the trout (Oncorhynchus mykiss)
fillets were acceptable for consumption in terms of freshness until the eighth day of storage. The bacteriological
assessment indicated that the fillets were suitable for human consumption, meeting the microbiological limits
established by regulations for total coliforms until day 2, for psychrophiles until day 6, and for aerobic mesophiles
until day 10. The results obtained allow us to determine the storage time, degree of freshness, and sensory
acceptability (quality grade), as well as the sanitary conditions for consumption of trout fillets stored at low
temperatures, helping us to expand our knowledge about the consumption period of this product and reduce the
risk of foodborne ilinesses.
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Introduction

Fish is considered a staple food in the human diet due to its nutritional composition, which includes proteins, lipids,
minerals, and vitamins [1, 2]. Globally, fish for human consumption is obtained through aquaculture and fishing activities. Only
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in 2022, these two activities produced 185.4 million tons live weight, with an apparent per capita consumption of 20.7 kg [3] .
One of the main species in inland aquaculture is rainbow trout (Oncorhynchus mykiss), which contributed 739,500 tons live
weight in 2022. Like other live, fresh, or chilled aquatic foods, rainbow trout represent the majority of fisheries and aquaculture
production, preferred and used for direct human consumption, followed by prepared, frozen, canned, and cured products [4].
In Mexico, fish and aquaculture have great economic and food security relevance, with fish such as trout being among the
main products of fishing and aquaculture, with a total production of 2748 tons in 2023, destined mainly for human
consumption, being Veracruz, Tamaulipas, Hidalgo, Puebla, Michoacan, State of Mexico, among others, the states with the
highest production [5]. Due to factors such as the chemical composition of the muscle, almost neutral pH, high water activity,
among others, fish is considered a food susceptible to contamination and spoilage through autolysis, lipid oxidation, and
microbiological activity, compromising its nutritional quality, shelf life, and safety throughout the food chain [1, 2, 6]. To extend
the shelf life and microbiological safety of fish and products intended for marketing and consumption, different preservation
methods are used, which usually employ temperature control, either at low temperatures (refrigeration or freezing) or at high
temperatures (cooking or canning), reducing water activity through drying or salting [2, 7].

Fish contamination and spoilage can be physical, chemical, or biological in nature, the latter involving various
microorganisms, primarily bacteria. Some are associated with spoilage, such as Gram-positive and Gram-negative
mesophiles and psychrophiles, while others are considered a health risk, including E. coli, Listeria sp., S. aureus, Salmonella
sp., Shigella sp., Vibrio sp., Clostridium botulinum, Hepatitis A virus, Norwalk virus, Calicivirus, Astrovirus, and/or parasites
(Anisakis simplex, Gnathostoma sp., Diphyllobothrium latum, Opisthorchis sp.) [8, 9]. Therefore, fish is linked to numerous
cases or outbreaks of foodborne illnesses worldwide, with bacteria being the usual causative agents [10-13]. In the supply
and availability of food, consumers demand compliance with food legislation regarding freshness, diversity, and safety to
protect their health. This has led to increased interest in understanding fish production practices and quality, as well as
inspection and control methods, to ensure nutritious and safe food and prevent foodborne ilinesses [14, 15]. The study of
shelf life and microbiological hazards in fish stored at low temperatures is versatile due to the wide variety of species and
edible products, the diversity of microbial agents to be evaluated, and the broad range of low temperatures used for product
preservation. Bacteriological and shelf-life studies of fish or fish products (fillets) of trout stored at low temperatures are scarce.
The study of shelf life and bacteriological hazards in fish or fish products stored at low temperatures is essential to ensure
their safety and quality during storage, marketing, and consumption. Refrigeration is one of the commonly used low-
temperature preservation methods for these types of products, and although it helps slow microbial growth, it does not stop it
completely. Therefore, it becomes necessary to identify pathogenic and spoilage-associated bacteria that can proliferate
under these conditions. This analysis allows for determining safe consumption times and compliance with health regulations,
thus reducing risks to consumer health. Therefore, the purpose of this study was to assess the bacteriological profile and
degree of freshness of trout (Oncorhynchus mykiss) fillet stored at low temperature to determine the microbiological hazards
during its storage and shelf life for consumption.

Materials and Methods

Sample Collection

The samples were rainbow trout (Oncorhynchus mykiss) from fish farms in the municipality of Temoaya, State of Mexico,
Mexico. They were grouped into three separate batches of trout with a weight of 355.8+24 g. They were transported in an
isothermal container with drinking-quality ice to the laboratory for processing into fillets and subsequent quality grade
(freshness) and bacteriological assessment.

Filleting and Storage

The processing to obtain skinless fillets was carried out by washing, scaling, gutting, and manually cutting the muscle
along the backbone on both sides of the fish to obtain the fillets. Finally, the skin was removed. The processing and handling
were carried out under hygienic conditions and practices. Primary Packaging. For initial or primary packaging, the fillets were
pre-cooled by immersion in ice water at temperatures of <4°C for 5 min. Subsequently, 50 g portions were weighed and
manually placed into a 16.5 cm wide by 17.5 cm long polyethylene bag with a hermetic seal (primary packaging). The fillets
were then transferred to secondary packaging, which consisted of placing them inside an expanded polystyrene container
with a lid (previously washed, disinfected, and dried), measuring 15 cm wide, 22.5 cm long, and 16 cm high. Ice-substitute
refrigerant gel blocks were then added inside the container. The secondary container was finally placed in storage in a
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refrigeration unit (Imbera, model VR35CBMAD) for 12 days at a temperature of 5°C +1 and relative humidity of 40% +2.8,
which correspond to typical conditions in the commercial and/or domestic environment (Figure 1).

Quality Grade Analysis

The quality analysis of fillets stored for 12 days at 5°C +1 was performed on days 0, 2, 4, 6, 8, 10, and 12 of storage at
5°C %1, using the procedure described in the Standard [16] with the support of ten untrained panelists. The procedure
consisted of evaluating different sensory attributes of the fillet (color, odor, skin remnants, scales, bones, among others),
assigning a value to each. The total sum of the attribute values, subtracted from a base of 100, determines the final score
and freshness of the fillet.

Bacteriological Assessment

The bacteriological assessment of fillets stored for 12 days at 5°C + 1 was performed on days 0, 2, 4, 6, 8, 10, and 12,
considering the analysis of total aerobic mesophiles [17], total psychrophiles [17], and total coliforms [18]. The result was
expressed as the logarithm of CFU/g of sample. Microbiological assessment was performed in triplicate on separate batches
of fillets.

Results Analysis

The analysis of results was performed by calculating the mean, standard deviation, and conducting one-way and two-way
ANOVAs. The differences between the means were established through Tukey's test (p<0.05). Microsoft Excel 2019 software
was used.
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Fig. 1: General diagram of the bacteriological and freshness assessment of trout fillets (O. mykiss) preserved under refrigeration
for twelve days
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Results and Discussion

The fillets had an average weight of 130.30 g £19, with a yield of 36.6% +3. This yield depends on factors such as species,
size, bone structure, visceral volume, head size (an animal with a large head or developed opercular series reduces the edible
muscle portion), skill of the personnel performing the processing, among others [19]. Furthermore, in related studies, [20]
reported fillet yields of 36 % in tilapia (Oreochromis spp.) processing. [19] indicated that they obtained Eleotris picta fish fillet
with a yield of 23.1%. Meanwhile, [21] indicated yields of 31 % to 54 % in filleting various fish species (Salminus brasiliensis,
Leporinus obtusidens, Prochilodus lineatus, and Luciopimelodus pati).

Quality Grade

In fish, the attribute of freshness is an indicator that the fish possesses properties similar to those it has while alive or after
being caught or harvested [22]. Various physical, chemical, sensory, and microbiological methods have been reported as
applied to determine the degree of freshness or spoilage as well as the safety of fish. [6, 23]. Sensory methods are the most
frequently used because they provide reliable and valid results, are affordable, practical, and efficient, and are commonly
used in the industrial sector, commerce, and sanitary inspections [24, 25]. Figure 2 shows the sensory analysis (Quality grade)
score for stored fillets. From day 0O to 8, the fillets scored between 96+2.1 and 86.6+3.9, respectively, and were considered
first- and second-quality products suitable for consumption. From day 10 of storage, the sensory characteristics score of the
fillets was 52.5+10.5. The standard [16] stipulates that any fillet with a score below 85 is considered a deteriorated product,
unfit for consumption and a health risk.

The analysis of variance (ANOVA) performed to evaluate the effect of storage time (12 days at 5+1°C) on the freshness
of trout fillets showed significant differences between storage days (p < 0.05), indicating that storage time has a significant
effect on the freshness of the trout fillets. Subsequently, Tukey's test indicated significant differences in freshness between
storage days 0 and 10, 2 and 10, 4 and 10, 6 and 10, and 8 and 10. No significant differences in freshness were found
between storage days 0, 2, 4, 6, and 8. Similarly, no significant differences were observed between storage days 10 and 12.

In related studies, [22] reported that tilapia (Oreochromis sp.) fillets stored at 4°C for 12 days maintained acceptable
freshness for consumption until day 6, after which they were considered spoiled and unsuitable for consumption. [24] indicated
that sensory assessment of Prochilodus lineatus fillets stored under refrigeration with ice flakes at temperatures of 0°C to 3°C
showed a shelf life of 6 days. [26] reported that sensory assessment of tilapia (Oreochromis spp.) stored under refrigeration
at 0°C indicated a shelf life of 21 days, and 9 days when stored at 10°C. Finally, [21] indicated that fish species (Salminus
brasiliensis, Leporinus obtusidens, Prochilodus lineatus, and Luciopimelodus pati) subjected to storage temperatures of 0°C
to 3°C, for 14 days, show signs of decomposition on day 10 of storage, destined for disposal.
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Fig. 2: Sensory assessment (Quality grade) of trout (Oncorhynchus mykiss) fillet stored at 5 £ 1°C for 12 days. *Each total score
per day represents the mean * SD of the deductions assigned to the sensory characteristics of the product made by ten
evaluators or panelists
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Bacteriological Assessment

The quality and sanitary control of food available and offered to the population is considered a necessary factor in reducing
the transmission of disease-causing agents through food and protecting consumer health. Microbiological regulations and
criteria for food can provide guidelines for determining shelf life and/or controlling product safety throughout the food chain
[27, 28]. Various microorganisms can be used as microbiological criteria to indicate contamination, the presence of pathogens,
or the detection of specific toxins. The indicator microorganisms generally used to determine food spoilage and sanitary quality
include aerobic mesophiles, molds, yeasts, and coliforms, among others [27-29].

The safety and quality of fish are primarily related to their freshness, microbiological profile, and physicochemical
properties. Fish products are highly susceptible to spoilage and rejection compared to other foods of animal origin due to
several factors, including microbial activity [25]. Captured fish are prone to spoilage due to the action of autolytic enzymes,
lipid oxidation, and microbial growth [30, 31]. The degree of microbial spoilage is related to factors such as the type and
quantity of microorganisms present, origin and type of fish, as well as the capture method used [30]. The edible portion of fish
is abundant in proteins and non-protein nitrogenous compounds (trimethylamine oxide, creatinine, and free amino acids), has
a moisture content of approximately 75-80%, and a pH that is usually between 6 and 7 [30, 31]. This makes fish highly
susceptible to spoilage by contaminating bacteria, including Gram-negative bacilli such as coliforms, Pseudomonas spp.,
Acinetobacter, Moraxella, Flavobacterium, Shewanella, Aeromonas, Alcaligenes, and Vibrio. Preservation methods that use
low temperatures, such as refrigeration, increase the shelf life of fish and products by reducing the growth of microorganisms
associated with spoilage; however, psychrotrophs such as Pseudomonas sp. and Shewanella spp. predominate in spoilage
processes due to their rapid growth, particularly in aerobic storage at refrigeration and higher temperatures [30]. Gram-
negative bacteria, during their growth in fish, produce proteolytic and hydrolytic enzymes, metabolizing nitrogenous
compounds and generating various volatile compounds such as ammonia, trimethylamine, aldehydes, ketones, indoles,
hydrogen sulfide, mercaptans and histamine (associated with cases of food poisoning) present in the decomposition and
putrefaction process [30-32], putrescine, cadaverine, and volatile fatty acids generate unpleasant odors and flavors during
spoilage. Furthermore, bacterial proliferation can cause discoloration of the gills and eyes, mucus formation, and loss of flesh
texture, leading to softening that compromises the sensory quality and safety of the fish [30, 31].

Figure 3 shows the presence and growth of three bacterial groups (mesophiles, coliforms, and psychrophiles) in trout
fillets during twelve days of storage at 5°C +1. The psychrophiles group showed the greatest growth on day twelve, followed
by the mesophiles group, and finally the coliforms. ANOVA showed significant effects of bacterial group and storage time
(p<0.05), as well as a significant interaction between these two factors, indicating that bacterial growth differed among the
bacterial groups throughout the twelve days of storage at 5°C. While the Tukey test revealed significant differences in bacterial
growth between the mesophiles and psychrophiles groups, and between the coliform and psychrophilic groups (p<0.05),
there were no significant differences between the mesophiles and coliform groups (p>0.05) during storage for 12 days at 5
1+1°C. The above may be related to the difference in physiological growth temperature conditions for each of the groups. For
mesophiles, the growth temperature ranges from 20 to 37°C, for coliforms from 10 to 45°C [33], and for psychrophiles between
0 and 20°C [34]. Furthermore, it should be noted that the mesophilic bacteria and coliforms detected in the fillets stored at a
low temperature of 5°C, although different from their growth temperature, continued to proliferate. The above could be due to
several factors, such as: Growth at 5°C does not stop, but only slows down, intrinsic conditions (moisture content, neutral pH,
nutrient content) of the fish fillet that may favor their growth even at this low temperature, survival adaptations, or the fact that
some of the mesophilic and/or coliform bacteria are psychrotolerant, such as E. coli [35-37] or Pseudomonas sp., which are
considered psychrophiles and mesophiles [38, 39].

Total Aerobic Mesophiles

The mesophilic group includes all bacteria, molds, and yeasts capable of growing at around 35°C. The detection and
quantification of mesophiles in food products is because they can indicate:

a) inadequate hygienic handling and storage (time/temperature)
b) hygienic conditions of raw materials, equipment and utensils

c) possible presence of pathogenic microorganisms, since most foodborne pathogenic bacteria are mesophilic and
some are opportunistic pathogens, and

d) many bacteria of this type are responsible for organoleptic modifications of food [40, 41]
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A high mesophilic count in food can indicate different situations: high contamination of the raw materials, inadequate
handling during the processing, possible presence of pathogens due to their mesophilic nature (although a low aerobic
mesophilic count does not guarantee the absence of pathogens either), and rapid food spoilage [29, 42]. Aerobic mesophiles,
also called Aerobic Plate Count, are used as a quality index in fish and other products due to their relationship with spoilage
[43].

In this study, the initial microbial load of total aerobic mesophiles in trout fillets on day 0 was 2.3+ 0.6 log CFU/g, reaching
5 + 1 log CFU/g on day 6 of storage, and finally reaching its highest level of 8.2 + 1.07 log CFU/g on day 12 (Figure 3).
According to the International Commission on Microbiological Specifications for Foods (ICMSF), the maximum limit is 6 log
CFU/g of aerobic mesophiles in fishery products for human consumption, while the Standard [44] NOM-027-SSA1-1993
establishes a maximum permissible limit of 7 log CFU/g of aerobic mesophiles for fresh chilled fish. The trout fillets in this
study reached a growth of 6.1+£1.07 and 7.09 + 1.04 log CFU/g on days 8 and 10 of storage, respectively, which is considered
unfit for consumption. This coincides with the low degree of freshness and quality obtained through the sensory assessment
of day 10, where the fillet obtained a score of 52.5+10.5, which considers it unclassifiable and a deteriorating product unfit for
human consumption. In related studies, [28] indicated that in Oreochromis niloticus fillets stored at 2+1°C for 18 days, the
aerobic mesophilic load of the control sample on day 9 exceeded 7 log CFU/g of meat, at which point it was considered a
decomposing product and unfit for consumption. Furthermore, [45] reported that tilapia (O. niloticus) fillets stored at 4°C for
12 days showed an initial aerobic mesophilic bacterial count of 4.03 log CFU/g, reaching a final count of 12.5 log CFU/g by
day 12. By day 8 of storage, the bacterial count in the fillets exceeded the microbiological specification of 7 log CFU/g
established by the ICMSF, thus posing a risk to consumer health.
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Fig. 3: Bacteriological count (Mesophiles, psychrophiles and total coliforms) in trout (Oncorhynchus mykiss) fillets stored at
low temperature (5 £ 1°C) for 12 days. Values are presented as mean * SD in triplicate (n = 3). Colony Forming Units (CFU). In
the analysis of growth between the different microbial groups, statistically significant differences were found (p<0.05)

Total Aerobic Psychrophiles

Based on their ability to grow within a specific temperature range, bacteria are classified as psychrophiles due to their
growth at low temperatures, and they exhibit minimum growth temperatures below 0°C and maximum temperatures around
20°C [34]. In food, these microorganisms produce highly active proteolytic and lipolytic enzymes that generate changes in
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organoleptic properties and promote spoilage [41]. Some psychrophilic Gram-negative bacterial genera include:
Palaromonas, Polaribacter, Alteromonas, Shewanella, Flavobacterium, Pseudoalteromonas, Pseudomonas, Psychrobacter,
Psychroflexus, Moraxella, Moritella, and Vibrio, as well as some Gram-positive bacteria from the genera Micrococcus,
Planococcus, Arthrobacter, and Bacillus [34, 43, 46]. Shewanella, Flavobacterium, Alteromonas, and Pseudomonas have
been regularly identified in fish [43]. Psychrophilic microorganisms are associated with food spoilage and health risks
associated with low-temperature storage. These microorganisms can be found in various environments, including aquatic
habitats and fish species such as trout, and are part of the typical microbiota of cold waters due to their temperature
requirements [46]. Fish frequently exhibit contamination with pathogenic psychrophiles such as L. monocytogenes, which can
grow at low temperatures, either naturally or through improper hygiene practices. Therefore, fish is considered a high-risk
food due to the multiple handling processes involved, preparation for direct consumption, and storage at low temperatures for
extended periods [47].

In the present study, the psychrophilic group showed the highest proportion in trout fillets compared to the mesophilic and
total coliform groups, with an initial load of 3.2+0.95 log CFU/g, increasing to 6.9+0.9 log CFU/g on day 6, and reaching a
maximum of 8.6+0.9 log CFU/g on day 12 (Figure 3). This bacterial group may contribute to the spoilage of trout fillets stored
at low temperatures. The presence of psychrophilic microorganisms in food during low-temperature storage (refrigeration and
freezing) has been reported as a major cause of spoilage, as they act through the hydrolysis and degradation of proteins [48].

The ICMSF specifies that the permissible limit for psychrophiles in food to avoid spoilage is 6 log CFU/g [49]. In this studly,
on day 6 of storage, the trout fillets exceeded this permissible limit with 6.9 log CFU/g, having until day 4 to avoid being
considered a spoiled product and unfit for consumption. In related studies, [49], reported that trout fillets (Oncorhynchus
mykiss) stored at -5°C for 3 months showed psychrophilic growth at < 41x105 CFU/g in the first month, >1x106 CFU/g in the
second month, and >1x106 CFU/g in the third month of storage, failing to meet the microbiological specification of 6 log CFU/g
for these products from the second month of storage onwards, considering it a product unfit for consumption. On the other
hand, [22] reported that O. niloticus fillets stored at 4 °C for 12 days had an initial aerobic psychrophilic bacteria count of 4 log
CFU/g, which increased to 5 Log CFU/g on the sixth day and reached a maximum count of 8.63 CFU/g on day 12. They
indicated a maximum microbiological limit of acceptability and safety of 5 log CFU/g of aerobic psychrotrophs in refrigerated
fish fillets.

Total Coliforms

Coliforms are Gram-negative bacteria of the Enterobacteriaceae family, which includes various genera such as
Escherichia, Klebsiella, Enterobacter, Citrobacter, among others. They are non-spore-forming, generally motile bacilli capable
of fermenting lactose at temperatures around 35°C. They are regularly found in the intestines of humans and animals and are
widely distributed in nature [40, 50, 51]. The presence of coliforms in foods such as fish makes them agents that cause
gastrointestinal diseases, affecting both humans and animals through consumption [51]. Coliforms are indicators of food
safety; their presence indicates cross-contamination and poor handling, processing, and storage practices, causing
contamination and posing a risk to consumer health [18, 51]. In this study, the initial coliform load of rainbow trout fillets was
2.740.69 log CFU/g, reaching 5.8 £1.07 log CFU/g by day 8 of storage, and finally reaching a maximum of 7.5+1 log CFU/g
by day 12 (Figure 3). The Spanish food safety standard specifies that the maximum limit for total coliforms in fishery products
for human consumption is 3 log CFU/g [52]. Therefore, by day 2 of storage, the trout fillets were no longer edible, were spoiled,
and presented a health risk.

In related studies, [43] reported that in the shelf-life assessment of Mugil cephalus fillets stored at 4°C for 24 days, control
samples on day 0 had a coliform count of 2.2 log CFU/g, on day 12 of 6.21 log CFU/g, and finally on day 24 of 8.61 log CFU/g.
Sensory assessment, based on sample color, indicated acceptable results up to 12 days of storage. The aforementioned
suggests that microbial activity is the main limiting factor for fish quality and that a lower microbial load in the product can
extend its shelf life. On the other hand, [53] indicated that in samples of fish fillets (Wallago attu) stored at 4+1°C for 14 days,
the total coliform counts were 1.13 log CFU/g on day 7 of storage, 1.4 log CFU/g on day 10, and subsequently 2.1 log CFU/g
on day 14, suggesting that it is preferable to consume the fish by the seventh day and up to a maximum of the tenth day of
storage to ensure product safety. [22] reported that tilapia fillets stored at 4°C for 12 days had an initial total coliform count of
1.07 log CFU/g, which then increased to 3.6 log CFU/g on day 2, 6 log CFU/g on day 4, reaching a maximum of 8.33 log
CFU/g on day 12. They noted that, according to Spanish food legislation, the maximum microbiological criteria for hygiene
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and food safety in chilled fish products are total coliforms or Enterobacteriaceae counts of 3 log CFU/g; this means that, on
the second day of storage, the fillet does not meet this microbiological safety criterion.

It should be noted that the bacterial population in captured fish depends on their environment or geographical area,
season, species, age, size, feeding, life stage, and anthropogenic influence [54-56]. Bacterial populations in live captured fish
are generally found on external surfaces such as the skin, gills, and intestines [6, 56]. The proportion of bacteria varies and
is established as a normal range of 102 to 107 CFU/cm? on the skin surface, while on the intestines and gills it is between 10°
and 10° CFU/g [6, 30, 54].

Freshly caught fish are exposed to a variety of bacteria present in their aquatic environment, from handlers and during
processing conditions and surfaces. Gram-negative bacteria, such as Aeromonas, Pseudomonas, Serratia, Vibrio, and
Shewanella, are often the initial colonizers, and their prevalence and proportion depend on the water microbiota, conditions,
and hygiene practices during and after capture [31].

The bacterial population in fish is diverse and can reach very high numbers in fish caught in waters contaminated with a
high proportion of Enterobacteriaceae [6, 57]. Furthermore, the temperature of the source water can have a selective effect
on the presence of bacteria, meaning that cold-water fish primarily contain psychrophiles (Pseudomonas, Moraxella,
Acinetobacter, Shewanella, and Flavobacterium), while warm-water fish primarily contain mesophiles [6, 54]. Likewise, the
predominant bacteria in processed fish vary according to the product's storage temperature [53]. Fish and fish products are
not only nutritionally important in our diet but also economically important from the perspective of producing countries, in
addition to posing a risk to public health [58]. According to quality aspects associated with fish safety and the wide range of
diseases transmitted as a result of consuming aquatic foods, this is mainly due to the different pathogenic bacteria present in
these foods, which can be divided into autochthonous and allochthonous [8, 54]. Autochthonous bacteria are distributed in
aquatic environments, with water temperature being a selective determinant. These include members of the genera Vibrio
sp., Listeria sp., Aeromonas sp., and Clostridium sp., coliforms and other members of the Enterobacteriaceae family, such as
Shigella sp., Salmonella sp., Campylobacter sp., and Gram-positive bacteria like S. aureus, which are allochthonous
representatives that are introduced into the water from infected animals or humans, or by direct contamination during
processing stages. They are used as indicators of contamination in aquatic environments and foods [8, 49, 54, 59].

The results obtained in this study regarding the sensory status of the fillets during twelve days of storage and the
population of different microbial groups (mesophiles, psychrophiles, and coliforms) provide valuable information and indicate
a significant discrepancy between the product's safety status and acceptable sensory properties. On the one hand, the
sensory assessment indicates that the stored fillets exhibit acceptable attributes for consumption up to day 8 of storage.
However, the coliform profile exceeded the limits established by the sanitary standard on day 2 of storage, while the same
occurred for psychrophiles on day 6. The mesophilic group exceeded the limits established by the ICMSF and Mexican
standards on days 8 and 10, respectively. Microbiological safety and sensory acceptability of fresh fillets may not coincide
during storage. A fillet may have characteristics of freshness that promote consumption but contain dangerous levels of
bacteria. This phenomenon poses a significant health risk to consumers who may rely solely on sensory attributes to make
purchasing decisions, as sensory perception does not guarantee microbiological safety. While sensory assessment is a
common and widely used method for determining the quality and consumption of fish or derived products, relying exclusively
on sensory aspects can have health repercussions due to the consumption of fish contaminated by various microbiological
hazards. Therefore, sensory assessment studies of fish must be complemented with microbiological controls.

Conclusion

The quality grade analysis of trout (O. mykiss) fillets stored at low temperature (5°C 1) indicated that it was not suitable
for consumption after 8 days of storage.

The trout (O. mykiss) fillets stored at low temperatures showed microbial contamination (mesophiles, coliforms, and
psychrophiles). The growth of the mesophilic, coliform, and psychrophilic groups in trout fillets stored at 5°C+1 for 12 days
showed differences between them. Psychrophiles represented the highest microbial load in the fillets, with a count of 8.6 log
CFU/g on day 12, making them one of the main bacterial groups responsible for spoilage, followed by mesophiles at 8.2 log
CFU/g, and total coliforms at 7.5 log CFU/g.

According to sanitary specifications for aquatic foods, the presence of coliforms made the trout fillets (O. mykiss) unfit for
consumption until day 2 of storage, as they exceeded the established limit of 3 log CFU/g. On the 6th day of storage, the
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psychrophilic group exceeded the maximum permitted limit of 6 log CFU/g established by the ICMSF, rendering the fillets unfit
for consumption and indicating a spoiled product. Finally, on the eighth day of storage, the mesophilic group exceeded the
maximum limit of 6 log CFU/g established by the ICMSF, and on the tenth day of storage, the aerobic mesophilic group
exceeded the maximum permitted limit of 7 log CFU/g according to regulation [44], indicating that the product was spoiled
and posed a health risk if consumed.

Actions to increase the shelf life and safety of fish begin from the moment of capture or harvesting, and continue
immediately with storage and processing at low temperatures, under hygienic conditions and practices at all times, in order
to increase the availability of nutritious and safe food for the population.

Acknowledgment

To the Metropolitan Autonomous University, Lerma Unit, for the facilities provided (laboratories) and equipment to carry
out this study.

Funding Information

The development of this study was funded by the Secretariat of Science, Humanities, Technology and Innovation
(SECIHTI), Mexico, through the program of researchers for Mexico.

Author’s Contributions

Roman Alejandro Téllez-Cortez and Angel Ruyan Garcia-Hurtado: Experimental development, results analysis, writing of final
manuscript.

Mayra Diaz-Ramirez and Erika Torres-Ochoa: Management of materials, equipment and reagents, results analysis, review of
final manuscript.

Alejandro De Jesus Cortés-Sanchez: Study conception, experimental design, results analysis, management of materials,
equipment and reagents, review of final manuscript.

Ethics

This document represents a single work. The corresponding author confirms that this has been reviewed and approved
in its final version by all co-authors and is free of any ethical or interest conflicts.

References

1. Quintanilla-Martinez, A. S., Aguirre-Glitrén, L., Espinosa-Chaurand, L. D., Diaz-Ramirez, M., & Cortés-Sanchez, A. D. J.
(2022). Microbiological Analysis of the Air in a Popular Fish Processing and Marketing Area. Applied Biosciences, 1(3), 299—
314. https://doi.org/10.3390/applbiosci1030019

2. Samarajeewa, u. (2024). Safety, Processing, and Utilization of Fishery Products. Fishes, 9(4),
146. https://doi.org/10.3390/fishes 9040146

3. FAO. (2024). El estado mundial de la pesca y la acuicultura 2024. La transformacién azul en accién. Coleccion El Estado Del

Mundo, 1-284.

FAO. (2024). El estado mundial de la pesca y la acuicultura 2024. La transformacion azul en accion. Coleccion El Estado Del

Mundo, 1-284.

CONAPESCA. (2023). Anuario estadistico de acuacultura y pesca 2023.

Huss, H. H. (1998). El pescado fresco: su calidad y cambios de su calidad.

Rabiela Sotelo, M. (2015). Higiene y conservacion del pescado. Hospitalidad ESDAI, 28, 41-60.

Huss, H. H. (1997). Aseguramiento de la calidad de los productos pesqueros.

Cortés-Sanchez, A. D. J., Diaz-Ramirez, M., & Salgado-Cruz, M. D. L. P. (2020). Food Safety and Fish Production the Case of

Staphylococcus aureus A Review. OnLine Journal of Biological Sciences, 20(4), 291-306.

https://doi.org/10.3844/0jbsci.2020.291.306

10. Alerte, V., Cortés Arancibia, S., Diaz Torres, J., Vollaire Zamorano, J., Espinoza Millan, M. E., Solari Guerra, V., Cerda Lorca,
J., & Torres Hidalgo, M. (2012). Brotes de enfermedades transmitidas por alimentos y agua en la Regién Metropolitana, Chile
(2005-2010). Revista Chilena de Infectologia, 29(1), 26—31. https://doi.org/10.4067/s0716-10182012000100004

>

© o N O


https://doi.org/10.3390/applbiosci1030019
https://doi.org/10.3390/fishes9040146
https://doi.org/10.3844/ojbsci.2020.291.306
https://doi.org/10.4067/s0716-10182012000100004

Roman Alejandro Téllez-Cortez et al. / OnLine Journal of Biological Sciences 2026, 26 (3): 057
DOI: 10.3844/0jbsci.2026.26.03.057

1.

12.

13.

14.

15.

16.
17.
18.
19.
20.
21.
22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

Espinosa, L., Bustos, V. C., Martinez, E. V., & Rosa, C.-P. (2024). Brotes de enfermedades transmitidas por alimentos. Espafia,
2008-2011 (excluye brotes hidricos). Boletin Epidemiolégico Semanal (BES), 22(11), 130—-145.

Dewey-Mattia, D., Manikonda, K., Hall, A. J., Wise, M. E., & Crowe, S. J. (2018). Surveillance for Foodborne Disease Outbreaks
— United States, 2009-2015. MMWR. Surveillance Summaries, 67(10), 1-11. https://doi.org/10.15585/mmwr.ss6710a1
Viazis, S., Lindsay, M., Cripe, J., Carran, S., Greenlee, T., Federman, S. S., Schwensohn, C., Nguyen, T.-A., & Chen Parker, C.
(2025). An Overview of Multistate Outbreak Investigations of Salmonella Infections Linked to Fish and Fishery Products, United
States — 2012—-2021. Journal of Food Protection, 88(8), 100566. https://doi.org/10.1016/j.jfp.2025.100566

Castillo-Jiménez, A. M., Montalvo-Rodriguez, C., Ramirez-Toro, C., & Bolivar-Escobar, G. (2017). Control del deterioro
microbiolégico de filetes de tilapia mediante la aplicacion de bacterias lacticas. Orinoquia, 21(2), 30—
37. https://doi.org/10.22579/20112629.415

Sissoko, A., Kwaku, T. D., Samaké, F., Kunadu, A. P.-H., Maiga, B. M. dit A., Madilo, F. K., Tembely, S., & Tembely, S. (2023).
Assessment of fresh fish value chain stakeholders’ food safety knowledge and pratices at the Medina Coura market in Bamako,
Mali. International Journal of Biological and Chemical Sciences, 17(4), 1631-1642. https://doi.org/10.4314/ijbcs.v17i4.27
NMX-FF-032-SCFI-2001. Productos de la pesca - filete de pescado fresco refrigerado - especificaciones (Cancela a la NMX-
FF-032-1994-SCFI). (2001).

NOM-092-SSA1-1994. Bienes y servicios. Método para la cuenta de bacterias aerobias en placa. (1994).
NOM-113-SSA1-1994. Bienes y servicios. Método para la cuenta de microorganismos coliformes totales en placa. (1994).
Belmonte-Romo, A. E., Barreto-Curiel, F., Vega-Villasante, F., Martinez-Franco, A. N., Aguirre-Garcia, Z. E., & Badillo-Zapata,
D. (2025). Caracterizacion nutricional del pez nativo Eleotris picta. Ecosistemas y Recursos Agropecuarios, 12(2), e4228.
https://doi.org/10.19136/era.a12n2.4228

Carranza, E. O. (2018). Rendimiento corporal de especies de peces nativos del Golfo de Fonseca de Honduras. Revista
Ciencia y Tecnologia, 23, 46-59. https://doi.org/10.5377/rct.v0i23.6860

Pinnacchio Scaldaferri, G. (2011). Evaluaciéon sensorial de la frescura en peces de importancia comercial del rio Uruguay.
Prado-Toledo, I. Y., Ramos-Santoyo, K. N., Guzman-Robles, M. L., & De Jesus Cortés-Sanchez, A. (2022). Analysis of the
Degree of Quality of Fish Fillet in Refrigeration. Open Journal of Applied Sciences, 12(05), 744—
756. https://doi.org/10.4236/ojapps.2022.125050

Madhubhashini, M. N., Liyanage, C. P., Alahakoon, A. U., & Liyanage, R. P. (2024). Current applications and future trends of
artificial senses in fish freshness determination: A review. Journal of Food Science, 89(1), 33-50. https://doi.org/10.1111/1750-
3841.16865

Dominguez, P. D., & Saibene, G. A. (2011). Determinacién de la vida dtil de filetes de sébalo (Prochilodus lineatus) refrigerados
con hielo en escama y filetes envasados al vacio refrigerados.

Soares, K. M. de P., & Gongalves, A. A. (2012). Qualidade e seguranga do pescado. Revista Do Instituto Adolfo Lutz, 71(1), 1-
10. https://doi.org/10.53393/rial.2012.71.32384

Tomé, E., Iglesias, M., Kodaira, M., & Gonzalez, A. (2000). Efecto de la temperatura de almacenamiento en el rigor mortis y en
la estabilidad de la tilapia (Oreochromis spp.) cultivada. Revista Cientifica de La Facultad de Ciencias Veterinarias de La
Universidad Del Zulia, 10(4), 339-345.

Félix-Fuentes, A., Campas-Baypoli, O. N., & Meza-Montenegro, M. de L. (2005). Calidad sanitaria de alimentos disponibles al
publico de Ciudad Obregén, Sonora, México. Meza-Montenegro, 6(3), 1-9.

Khalafalla, F. A., Ali, F. H. M., & Hassan, A.-R. H. A. (2015). Quality improvement and shelf-life extension of refrigerated Nile
tilapia (Oreochromis niloticus) fillets using natural herbs. Beni-Suef University Journal of Basic and Applied Sciences, 4(1), 33—
40. https://doi.org/10.1016/j.bjbas.2015.02.005

ANMAT. (2014). Anélisis microbiolégico de los alimentos. Metodologia analitica oficial. Microorganismos indicadores.

Salama, Y., & Chennaoui, M. (2024). Microbial Spoilage Organisms in Seafood Products: Pathogens and Quality
Control. European Journal of Microbiology and Infectious Diseases, 1, 1-12. https://doi.org/10.5455/ejmid.20240518114533
Wang, X., & Zheng, Z. (2025). Mechanistic Insights into Fish Spoilage and Integrated Preservation Technologies. Applied
Sciences, 15(14), 7639. https://doi.org/10.3390/app15147639

Ab Razak, M. F., Ahmad Bahuri, N. H., Subahir, M. N., Ibrahim, F., Seah Keng, P. T,, Toha, H., Syed, & Abdul Rahim, S. S.
(2024). Scombroid poisoning among prisoners of a prison in Johor, Malaysia. Malaysian Journal of Public Health
Medicine, 24(1), 232-238.

Hernandez Urzua, M. A. (2016). Microbiologia de alimentos: fundamentos y aplicaciones en ciencias de la salud.

Rinardo Belmar, A. V. (2018). Microorganismos extremdfilos. Psicréfilos y sus mecanismos de adaptacion. E-Journal)
Publicaciones Didacticas, 96, 622—628.

Alvarado, V. M. (2015). Evaluacién del exopolisacarido producido por una bacteria psicrotolerante aislada del noreste de
México y sus potenciales aplicaciones industriales..

Gonzalez-Cruz, C. J., Aparicio-Burgos, J. E., Rivero-Perez, N., Gayosso-San-Juan, R. M., Delgadillo-Avila, W. M., & Zaragoza-
Bastida, A. (2025). Presencia de bacterias psicréfilas en huevos comercializados en Tulancingo, Hidalgo. In Pddi Boletin
Cientifico de Ciencias Basicas e Ingenierias del ICBI (Vol. 13, Issue 25, pp. 131-137).

Sousa, C. P. (2006). Seguranga alimentar e doengas veiculadas por alimentos: utilizagdo do grupo coliforme como um dos
indicadores de qualidade de alimentos. Revista APS, 9(1), 83—88.

Lavilla Lerma, L., Benomar, N., Casado Mufioz, M. del C., Galvez, A., & Abriouel, H. (2014). Antibiotic Multiresistance Analysis
of Mesophilic and Psychrotrophic Pseudomonas spp. Isolated from Goat and Lamb Slaughterhouse Surfaces throughout the
Meat Production Process. Applied and Environmental Microbiology, 80(21), 6792-6806. https://doi.org/10.1128/aem.01998-14
Pinzén-Jdunca, A. (2019). Pseudomonas. Acta Medica Colombiana, 44(1), 52.

Campuzano F, S., Mejia Flérez, D., Madero Ibarra, C., & Pabdn Sanchez, P. (2015). Determinacién de la calidad microbioldgica
y sanitaria de alimentos preparados vendidos en la via publica de la ciudad de Bogota D.C. Nova, 13(23), 81—
92. https://doi.org/10.22490/24629448.1708

Gonzalez-Montiel, L., & Franco-Fernandez, M. J. (2015). Perfil microbiolégico del queso de aro consumido en la Cafada
Oaxaquefa. Brazilian Journal of Food Technology, 18(3), 250-257. https://doi.org/10.1590/1981-6723.7514


https://doi.org/10.15585/mmwr.ss6710a1
https://doi.org/10.1016/j.jfp.2025.100566
https://doi.org/10.22579/20112629.415
https://doi.org/10.4314/ijbcs.v17i4.27
https://doi.org/10.19136/era.a12n2.4228
https://doi.org/10.5377/rct.v0i23.6860
https://doi.org/10.4236/ojapps.2022.125050
https://doi.org/10.1111/1750-3841.16865
https://doi.org/10.1111/1750-3841.16865
https://doi.org/10.53393/rial.2012.71.32384
https://doi.org/10.1016/j.bjbas.2015.02.005
https://doi.org/10.5455/ejmid.20240518114533
https://doi.org/10.3390/app15147639
https://doi.org/10.1128/aem.01998-14
https://doi.org/10.22490/24629448.1708
https://doi.org/10.1590/1981-6723.7514

Roman Alejandro Téllez-Cortez et al. / OnLine Journal of Biological Sciences 2026, 26 (3): 057
DOI: 10.3844/0jbsci.2026.26.03.057

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Garcia, G., Bermudez, R., Hermida, G., Garcia-Fontan, M. C., Temperan, S., & Lorenzo, Y. (2011). Estudio de la vida util de
medial canal de “Cap6n Villalba” almacenada a vacio y en atmdésfera modificada. In XLVIII Simposio Cientifico De Avicultura.
Santiago de Compostela (pp. 393-402).

Aref, S., Habiba, R., Morsy, N., Abdel-Daim, M., & Zayet, F. (2022). Improvement of the shelf life of grey mullet (Mugil cephalus)
fish steaks using edible coatings containing chitosan, nanochitosan, and clove oil during refrigerated storage. Food Production,
Processing and Nutrition, 4(1), 27. https://doi.org/10.1186/s43014-022-00106-z

NOM-027-SSA1-1993. Bienes y servicios. Productos de la pesca. Pescados frescos-refrigerados y congelados.
Especificaciones sanitarias. (1993).

Prado-Toledo, I. Y., Ramos-Santoyo, K. N., Guzman-Robles, M. L., & Cortés-Sanchez, A. D. J. (2022). Microbiological Analysis
of Tilapia Fillet Stored Under Refrigerated Conditions. OnLine Journal of Biological Sciences, 22(1), 126-
138. https://doi.org/10.3844/0jbsci.2022.126.138

Quispe, L. (2014). Estudio del rigor mortis de la trucha arcoiris (Oncorhynchus mykiss) y su efecto en la congelacion.

Figuera, B., Cabello, A., Villalobos, L., Marquez, Y., & Vallenilla, O. (2005). Crecimiento de Listeria monocytogenes en atin
ahumado empacado al vacio. In Zootecnia Tropical (Vol. 23, Issue 2, pp. 171-181).

Izquierdo, P., Sandrea, L., Allara, M., Gonzalez, P., Garcia, A., & Valecillos, Y. (2004). Evaluacion bacteriolégica y contenido de
histamina en pescado desmenuzado precocido en Venezuela. Revista Cientifica, 14(5), 467—473.

Bardales Dextre, C. M., & Bardales Dextre, J. F. (2009). Determinacion de los parametros de congelacion y envase adecuados
para conservacion de trucha arco iris (Oncorhynchus mykiss) del distrito de Molinopampa, provincia de Chachapoyas, region
Amazonas. Repositorio Institucional - UNTRM, 25(3), 110-132.

Gonzalez, M., Villalobos, L. B., Vasquez-Suarez, A., Gral, C., & Gil, H. (2011). Enumeracion de aerobios mesdfilos, coliformes
fecales y Clostridium perfringens en la ostra Crassostrea rhizophorae procedente de Laguna Grande del Obispo, estado Sucre,
Venezuela. In Revista Cientifica: Vol. XXI (Issue 1, pp. 80-87).

Perez Zambonino, M. N., Rodas Chillogalli, L. N., & Torres Segarra, S. M. (2025). Determination of Escherichia coli / Coliforms
spp. in fresh tilapia sold in the “el Arenal” market in the city of Cuenca year 2024. Anatomia Digital, 8(2.1), 77—
90. https://doi.org/10.33262/anatomiadigital.v8i2.1.3436

BOE. (1991). Disposiciones generales. Ministerio de sanidad y consumo. Normas microbiolégicas, limites de contenido de
metales pesados y métodos analiticos para determinacion de metales pesados para los productos de la pesca y acuicultura.
Biswas, O., Talwar, N., Bhattacharya, S., Das, S., & Chaudhary, S. (2017). Effect of refrigeration on quality and stability of fresh
fish and poultry muscles. Indian Journal of Animal Health, 56(1), 65—-76.

Beyari, E. A, Aly, M. M., & Jastaniah, S. D. (2021). Incidence of Foodborne Bacteria that cause Serious Health Hazards in Fish:
A Review. Annals of Medical and Health Sciences Research, 11(1), 60—66.

Kanika, N. H., Liagat, N., Chen, H., Ke, J., Lu, G., Wang, J., & Wang, C. (2025). Fish gut microbiome and its application in
aquaculture and biological conservation. Frontiers in Microbiology, 15, 1521048. https://doi.org/10.3389/fmicb.2024.1521048
Wang, J., Hu, C., Tong, X., Gao, Y., Liang, R, Liu, C., & Zhao, K. (2025). Microbial communities associated with the skin, gill, and
gut of large yellow croaker (Larimichthys crocea). BMC Microbiology, 25(1), 16. https://doi.org/10.1186/s12866-024-03695-6
Romero-Jarero, J. M., & Negrete-Redondo, M. del P. (2011). Presencia de bacterias Gram positivas en musculo de pescado
con importancia comercial en la zona del Caribe mexicano. Revista Mexicana de Biodiversidad, 82(2), 599—
606. https://doi.org/10.22201/ib.20078706e.2011.2.465

Echandi, M. L. A., & Ulate, C. C. (2012). Calidad microbiolégica de la materia prima y el producto final del ceviche de tilapia y
de camarén expendidos en el Area Metropolitana de San José, Costa Rica. UNED Research Journal, 4(1), 85—
92. https://doi.org/10.22458/urj.v4i1.136

Flores, B., Gonzalez, N., Bravo, A., Mora-Sanchez, B., Torres, D., Jiron, W., Sheleby-Elias, J., & Balcazar, J. L. (2021).
Identificacion de bacterias patdégenas en peces capturados en el Pacifico frente a Nicaragua. Ciencias Marinas, 47(3), 179-
190. https://doi.org/10.7773/cm.v47i3.3212


https://doi.org/10.1186/s43014-022-00106-z
https://doi.org/10.3844/ojbsci.2022.126.138
https://doi.org/10.33262/anatomiadigital.v8i2.1.3436
https://doi.org/10.3389/fmicb.2024.1521048
https://doi.org/10.1186/s12866-024-03695-6
https://doi.org/10.22201/ib.20078706e.2011.2.465
https://doi.org/10.22458/urj.v4i1.136
https://doi.org/10.7773/cm.v47i3.3212

