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ABSTRACT

Foodborne diseases affect around 600 million people in the world. In Ecuador, the Ministry of Public Health
(MSP) reported 12,203 cases of food poisoning caused mainly by Salmonella species, hepatitis virus or other
pathogenic microorganisms in 2019. However, there are no reports of diseases caused by Vibrio species in
Ecuador. The present study assessed the presence of V. parahaemolyticus, mesophilic aerobics, total coliforms
and E. coli. Samples of Coryphaena hippurus (dorado fish) and Thunnus alalunga (albacore fish) in 3 different
markets in the city of Guayaquil, Ecuador. As a result, the presence of Vibrio parahaemolyticus was not found
in any of the 60 samples analyzed. In contrast, the E. coli levels met the requirements established in the INEN
183 - 2013 Standard norm. All samples from Market 1 were within the acceptance range regarding mesophilic
aerobic levels. However, high mesophilic aerobic levels were obtained in 60% of the albacore samples and
50% of the dorado samples from this market. In the same way, 40% of the albacore and 100% of Dorado
samples from market 3 were high in mesophilic microorganisms. However, the mesophilic aerobic analyses
revealed safer levels in samples from market 1 than in markets 2 and 3, according to the NTE INEN. 183:2013.

Keywords: Foodborne diseases', fish?, Albacore’, E coli*, mesophilic aerobics®, Dorado®.

INTRODUCTION
According to the WHO, one thousand five hundred million cases of diarrheal diseases are reported every year

and three million children under the age of five die in the world due to the intake of contaminated food !. It is
currently known that in products from the sea, the presence of the Vibrio parahaemolyticus bacterium has
been identified worldwide as an essential cause of disease outbreaks and transmitted by food or ETAs . This
pathogen is the leading cause of gastroenteritis transmitted by seafood . They have not had inadequate cooking
or suffered contamination during preparation or non-compliance with the cold chain during transport that
favors the proliferation of the bacteria *. Vibrio parahaemolyticus is a Gram-negative bacterium that is spread
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through food and can cause mild illness with a medium-high probability of mortality in individuals with weak
immune systems °. Different strains are known to cause cases of acute gastroenteritis in humans, with food-
borne transmission being one of the most common forms. Seafood is considered one of the primary sources
of these bacteria ®. According to recent information, Vibrio parahaemolyticus is one of the most critical emerg-
ing pathogenic microorganisms in food and is currently a significant concern in the food industry 7.

In 1950, 20 people died, and 270 were hospitalized in Japan from eating contaminated sardines. Between 1973
and 2006, a total of 45 outbreaks of ATS caused by seafood were recorded, with 1,393 cases and 24 hospital-
izations in the United States ®. Likewise, four outbreaks were reported by the European Food Safety Authority
(EFSA) in 2015 in France. In two outbreaks, the consumption of crustaceans, mollusks and their products was
suspected °. Because of the high number of hospitalized and deceased patients (20-30%), various regulatory
agencies, such as the U.S. Food and Drug Administration (FDA), have adopted a zero-tolerance policy for the
presence of L. monocytogenes in foods prepared for direct consumption (RTE) '°. In addition, it has been
possible to identify that inadequate post-capture handling of shellfish increases the risk of incorporation of
other pathogenic microorganisms such as Salmonella spp, Listeria monocytogenes, Aeromonas hydrophyla,
Shigella ssp, among others. Quantifying indicator microorganisms such as mesophilic aerobics, coliforms,
and E. coli provides an idea of the level of post-harvest contamination of shellfish !!. These categories are
used as a precautionary measure before harvesting to detect when it is necessary to limit harvesting and/or to
decide whether post-harvest treatments are required '°. An evaluation of three different commercialized fish
species (boquichico, pomfret and catfish) in the port of Pucallpa, Ucayali, Peru, identified contamination in
food by E. coli and V. parahaemolyticus 3. The Escherichia coli tests were not compliant and are used to
monitor how antimicrobial resistance and sensitivity trends are evolving '*. In this way, the importance of
studies on the prevalence of pathogens in food is demonstrated as an initial step to determine the risks associ-
ated with their consumption.

In Ecuador, there is a high demand for shellfish, which can bring gastrointestinal diseases when eaten raw or
undercooked. Currently, in Ecuador, no known pathogenic microorganisms are associated with Coryphaena
hippurus (dorado) and Thunnus alalunga (albacore) fish, which are the most consumed nationwide. Recent
investigations of the microbiological quality of 450 samples of foods in high demand in Guayaquil, Quito,
and Cuenca, such as bolon, onion, sauces, ceviche, fruit, fruit juice, fruit salad, cheese, raw chicken, and
ground beef. The country's popular street markets identified levels of total mesophilic aerobic, total coliform,
fecal coliform, and bacteria such as Escherichia coli, Salmonella enterica, and Listeria monocytogenes in food.
The result of the study was a high prevalence of Salmonella, L. monocytogenes, and various opportunistic
pathogens, which indicates a risk of microbiological contamination of foods sold in mass markets > 1°. How-
ever, the study did not contemplate a microbiological evaluation of the fish sold in the markets. In foods such
as fish, the high content of water and nutrients such as proteins, fats, vitamins and minerals, together with a
pH close to neutral and warm temperatures, create an ideal environment for the rapid growth of bacteria '’
The absence of this information prevents knowing the biological risks associated with shellfish consumption
in Ecuador and makes it difficult to develop training strategies on post-harvest shellfish handling. Although
microbiological tests are carried out to identify whether dangerous microorganisms are present in seafood
products, they are not always carried out '®.

The purpose of this study was to determine the presence of Vibrio parahaemolyticus and safety indicator
microorganisms in Coryphaena hippurus (dorado) and Thunnus alalunga (albacore) fish samples through tra-
ditional microbiological analysis (total mesophilic aerobes, total coliforms and E. coli ) at in order to evaluate
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the risk of microbiological contamination of these seafood products in three high-demand markets in the city
of Guayaquil.

MATERIALS AND METHODS

Sample collection

Samples of each fish species were obtained from three crowded markets in Guayaquil (markets 1, 2 and 3).
The sample size was estimated following the classification of "sampling plans with the type of concern and
danger" according to the Codex Alimentarius ', which indicates many samples (n) of 10 and a maximum
number allowed for the presence of the pathogen. (c) from 0 2°. Thus, 60 random samples were taken, divided
into 10 albacore samples and 10 dorado samples for each market. The sampling was carried out during May
and June 2021 using polyethylene bags. At the time of obtaining the samples, the temperature was taken using
an AMPROBE IR-712 12:1 digital thermometer. After this, the samples were placed in a cooler (polyurethane
container) with ice and transported to the laboratory.

Microbiologic analysis

To quantify indicator microorganisms, 25 grams of each sample were taken aseptically, and 225 ml of phos-
phate buffer was added. Subsequently, serial dilutions were made prior to inoculation in PCA medium ( Plate
count Agar) and Petrifilm Total Coliforms/ E. coli slides. Subsequently, the Petri dishes and the petrifilm
sheets were incubated for 48 hours at 35°C. All PCA and petrifilm colonies were enumerated, while gas-blue
colonies on petrifilm were counted as E. coli 2'. To determine V. parahaemolyticus, the sample was homoge-
nized, and a 25-gram aliquot was suspended in 225 ml of alkaline peptone water (APA). Subsequently, the
suspension was incubated at 35 + 2°C for 18 to 24 hours. After the incubation, seeding was carried out by
spreading on TCBS agar (thiosulfate-citrate-bile salts-sucrose) followed by incubation at 35°+ 2°C for 18 to
24 hours. After the mentioned time, typical Vibrio colonies were searched for. parahaemolyticus, considering
the morphological characteristics such as turquoise green, shiny, smooth, and flattened strains with a green or
blue center. After incubation, the oxidase test was performed to inoculate an aliquot of the previous culture
with AP 0%, 3%, 6%, 8%, and 10% 2%,

Statistical analysis

This study defined the counts of V. parahaemolyticus, mesophilic aerobics, total coliforms, and E. coli as the
response or dependent variables. At the same time, the type of fish and market were considered independent
variables. For the statistical analysis, the Minitab version 17 statistical software was used 2%, with the two-way
ANOVA statistical tool to measure the effect of the fish species, the market, and the species-market interaction
on the response variables. For individual comparisons, Tukey's pairwise comparison test was applied 2. Given
the selected sample size, 95% confidence level and normality assumptions were used for the analyses.

RESULTS

Sample temperature

The fish samples showed bright eyes, shiny scales, red gills, firm meat, and a characteristic smell of the sea,
indicating that the products were fresh and without signs of decomposition 2°. The temperatures recorded in
degrees Celsius (°C) obtained during the sampling are those detailed in Table 1. A higher product storage
temperature is observed, which varies between 6 to 7°C in Markets 2 and 3 and temperatures ranging from
1°C to 3°C for Market 1.
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Market: 1 Market: 2 Market: 3
Albacore @ Golden Albacore = Golden Albacore = Golden
Sample 1 1.2°C 2.1°C 6.5°C 5.9°C 4.5°C 4.1°C

sample 2 2.1°C 1.5°C 7.2°C 5.2°C 4.1°C 7.9°C
sample 3 1.8°C 2.3°C 6.7°C 6.1°C 4.9°C 6.7°C
sample 4 2.3°C 1.8°C 6.8°C 5.5°C 5.8°C 5.6°C
sample 5 3.1°C 2.1°C 7.1°C 6.3°C 6.5°C 5.4°C
sample 6 1.8°C 1.7°C 5.8°C 6.8°C 5.2°C 4.6°C
sample 7 2.2°C 3.2°C 6.0°C 5.4°C 4.7°C 4.2°C
sample 8 1.1°C 2.5°C 5.9°C 5.7°C 5.8°C 6.5°C
sample 9 2.5°C 1.7°C 6.0°C 6.5°C 5.6°C 5.1°C
sample 10 2.2°C 2.1°C 5.7°C 5.7°C 4.5°C 5.6°C

Table 1: Temperatures of the fish samples were taken in the three different markets of the city of Guayaquil.

In this investigation, 60 samples of albacore and mahi-mahi fish were analyzed in order to identify the pres-
ence of microorganisms that cause illnesses due to food intake, such as total aerobic, total coliforms and Vibrio
parahaemolyticus. Initially, regarding the temperatures of the samples, we observed that in market 1, they
were the lowest at the time of sampling with an average of 2.06 °C, unlike markets 2 and 3, where their average
temperatures were 6.14 and 5.37 °C, respectively. However, this factor did not influence the greater or lesser
presence of microorganisms, especially in Vibrio, evidence that agrees with what has been reported in other
studies where it was shown that temperature fluctuations during transportation and storage of shellfish may
be less critical. for fish than for raw oysters, mainly because V. parahaemolyticus did not show significant
growth in fish samples until after four hours at 25°C ?’.

Microorganism count

Vibrio parahaemolyticus

Regarding the presence of the pathogen, the presence of V. parahaemolyticus was detected in none of the
samples analyzed. These results were also observed in Peru in the port of Pucallpa, Ucayali, in which this
pathogen was not detected in shellfish samples 28, In the same way, other studies suggest that the flora of
microorganisms present in fish samples can make it difficult to isolate the pathogen ¥, so it is always recom-
mended to update the isolation protocols *°. Based on this and the data obtained, the research results suggest
that the dorado and albacore species are not essential reservoirs of this pathogen, which has been confirmed
using PCR techniques (Polymerase Chain Reaction ) for the detection of Vibrio in samples of golden fish in
Mercados de La Libertad, in which the absence of the pathogen for this type of fish was confirmed, corrobo-
rating the results of the investigation and suggesting that its appearance may be limited to species such as
Jurel, Lisa *'and Silverside like those found in Peru * or species like Picudo reported in Ecuador.

Aerobic mesophiles

6 CFU2 was counted and compared to the Albacore samples with 45 x 10  CFU/g. In general, mahi-mahi sam-
ples had significantly higher mesophilic aerobic levels than albacore samples. Likewise, the amount of aerobes
on average differed significantly between markets 1 (45 x 10 4 “*Y/g) and markets 3 (45 x 10 5 “*Y/g) and 2
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(80 x 10 *CFU/g). In markets 1 and 2, it was observed that there are no significant differences in the levels of
mesophilic aerobics, and it was observed that the lowest average levels of aerobics occur in market 1.
Figure 1 shows the means and standard error of mesophilic aerobics obtained by market and species.

Aerobic mesophilic levels
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Figure 1: Values of aerobic mesophiles found in Coryphaena hippurus (dorado) and Thunnus alalunga (albacore) in three

markets in Guayaquil. Different letters represent significant differences (p < 0.05).

Tukey's comparison between the response variable, quantity of aerobics, and the interaction between the qual-
itative factors of species-market type showed that the levels of mesophilic aerobics in dorado fish from market
3 were significantly higher (21 x 10 > CFU/g) than those found in the other samples analyzed. Likewise, the
two-way ANOVA showed that the number of aerobes did not differ statistically between the interactions of
Dorado-market 2, Albacora-market 2, Albacora-market 3, Dorado-market 1, and Albacora-market 1 (Table
2).

Species-Market Amount  Mean (CFU/g) Grouping

Gold -3 10 2'100,500 TO
Gold -2 10 877,000 B.
Albacore - 2 10 720,500 B.
Albacore - 3 10 531,000 B.
Gold -1 10 152,820 B.
Albacore - 1 10 116,560 B.

Table 2: Mesophilic aerobes observed in the different species-market interactions. Different letters represent significant
differences (p < 0.05).

Total coliforms

With the results obtained, it can be seen that the amount of total coliforms on average differs significantly
between market 2 (8.26 x 10 2CFU/g) and markets 3 (2.4 x 10 * CFU/g) and 1 (4 x 10 2CFU/g). There were
no significant differences in these last two markets. The highest average amount of total coliforms was ob-
served in market 2. Figure 2 shows the averages and standard error of the total coliforms found in each sample.
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Figure 2: Values of total coliforms found in Coryphaena hippurus (dorado) and Thunnus alalunga (albacore) in three mar-

kets in Guayaquil. Different letters represent significant differences (p < 0.05).

Additionally, Tukey's pairwise comparison test was used to statistically determine which factor or factors have
a significant effect on coliform levels. Applying ANOVA of two factors, it was determined that there are
significant differences (p < 0.05) in the total coliforms of the market factor and the species-market interaction.
For the factor corresponding to the species, no significant effect was found on total coliform levels.
Likewise, it was observed that the Dorado fish from Market 2 presented significantly higher levels of total
coliforms than the other fish analyzed. Likewise, it can be concluded that the number of total coliforms did
not differ statistically between the interaction of Albacora-market 2, Albacora-market 3, Dorado-market 1,
Dorado-market 3, and Albacora-market 1, as shown in Table 3.

Species-Market Amount Mean Grouping
(CFU/g)

Gold -2 10 3,328.5 TO
Albacore- 2 10 1,497.5 B.
Albacore -3 10 1,197.5 B.

Gold -1 10 563.0 B.

Gold- 3 10 455.0 B.
Albacore- 1 10 250.0 B.

Table 3: In comparing the Tukey test of total coliforms between the species-market response variable in the evaluated mar-

kets of Guayaquil, different letters represent significant differences (p < 0.05).

E. coli
Figure 3 shows the averages and standard error of the E. coli levels found in each sample; a higher amount of
CFU/g is observed in the Coryphaena samples—hippurus (golden).

Clinical Biotec, Universidad Catdlica del Oriente (UCO) and Universidad Nacional Auténoma de Honduras (UNAH)



http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/

https://bionaturajournal.com/

Bionatura 2024, 10.21931/B]/2024.01.01.65 7

E.coli levels
AR
an A
25
an
O
u_’)'-'.
=50
18 AR A R
1n T
R
R L R
1 el 2

=
Coryphaena hippurus Thunnus alalunga

Figure 3: Values of Escherichia coli found in Coryphaena hippurus (dorado) and Thunnus alalunga (albacore) in three

markets in Guayaquil. Different letters represent significant differences (p < 0.05).

Applying ANOVA of the general linear model with two factors, it was observed that only the interaction of
the type of species and market showed a significant effect (p < 0.05) on the levels of E. coli.

The E. coli levels of the interaction of the type of Dorado species from Market 3 were significantly higher
than the levels of this microorganism in all the fish species from Market 1. Likewise, it was observed that the
levels of E coli in the fish of both species from market 2 did not differ significantly from those observed in
the fish of both species from the other markets, as shown in Table 4.

Species-market Amount Mean Grouping
(cfu/g)

Gold -3 10 26.0 TO
Albacore — 2 10 9.5 AB

Gold -2 10 7.5 AB
Albacore — 1 10 3.0 B.

Gold -1 10 0.0 B.
Albacore — 3 10 0.0 B.

Table 4: In comparing the E. Coli Tukey test between the species-market response variable in the evaluated markets of

Guayaquil, different letters represent significant differences (p < 0.05).

DISCUSSION
In this investigation, the levels of acrobic mesophiles in gold-type fish from market 3 had an average count of

21.0x10 °> CFU/g, with a 95% confidence interval between 9.18x10 *and 32.8x10 > CFU/g. Therefore, accord-
ing to the BAM 2001 reference method, they are outside the requirement established by the Ecuadorian Tech-
nical Standard NTE INEN 183:2013, which is between 5x10 * and 10x10 > CFU/g. These results are compa-
rable with the study carried out in Peru in which the total aerobic samples were higher than those specified in
the SANIPES (2016a) standard. Likewise, the values coincide with those reported ** in samples of golden fish
in a study in Mercado municipality of Cantén Chone for microbiological identification, reporting high levels
of mesophilic aerobics **. The results suggest foods handled in poor conditions and not stored at the proper
temperatures. Additionally, the levels of E. coli and coliforms were within what was allowed, according to the
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reference method AOAC 21, 991 -14, in all the samples analyzed. These results suggest the absence of fecal
contamination while handling the different fish species.

The samples of both species from market 1 had the lowest levels of aerobes. The average aerobic count was
13.0x10 * CFU/g, with a 95% confidence interval between 7.09x10 * CFU/g and 19.8x10 * CFU/g. Therefore,
according to the BAM 2001 reference method, there are within the established norm for both species studied.
In the case of total coliforms, the average of both species in market 1 was 40.6 x 10 ! CFU/g, and the albacore
species in this market had the lowest levels of coliforms, possibly due to better control of the supply chain—
cold and high demand for this species.

CONCLUSIONS
The present study to detect V. parahaemolyticus in albacore and mahi-mahi fish species sold in three of the

busiest markets in the city of Guayaquil represents an essential step to knowing the state of food safety in the
country. The results showed no presence of this bacterium in the samples analyzed, so these fish species would
not be important reservoirs of the pathogen. Regarding the study of detection of indicator microorganisms,
such as total aerobic, total coliform and E. coli, significant effects were observed between market factors and
fish species.

For total aerobes, there was no significant difference between markets 1 and 2 for both fish species. The dorado
species from market 3 presented a higher average amount of mesophilic aerobics than both species from the
other markets. No significant differences were observed in the aerobic levels of the albacore species in all
markets.

For total coliforms, it can be concluded that there were no significant differences in total coliform levels
between the albacore and dorado species from markets 1 and 3. The Dorado species from Market 2 presented
significantly higher coliform levels than the other markets. And species. No significant differences were ob-
served in the coliform levels of the albacore species in all markets.

For E. coli, it can be concluded that the Dorado species from market 3 had a significantly higher amount of E.
coli than the albacore species from the same market and that both species from market 1. No significant dif-
ferences were observed in the levels of E. coli of the albacore species from all markets. No significant differ-
ences were observed when comparing the levels of E. coli between markets 3 and 2 or 1 and 2 in both species.
Generally, the lowest levels of the microorganisms analyzed were observed in market 1 in both species.
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