
Abstract: Mycotoxins are secondary metabolites produced by 
filamentous fungi, mainly Fusarium spp., Aspergillus spp. and 
Penicillium spp. Fusarium also produce the emerging mycotoxins: 
beauvericin and enniatins (enniatin A, enniatin A1, enniatin B and 
enniatin B1), among others. These mycotoxins are present in feed for 
farmed fish because they include cereals in its composition. 
Furthermore, these mycotoxins, when ingested, can appear in the 
animal muscle, assuming a potential risk to human health.  The aim of 
this study was to evaluate the presence of emerging mycotoxins 
(beauvericin and enniatins) in fish. Mycotoxins extraction is 
performed with acetonitrile using ultrasound. Mycotoxins are 
identified and quantified by liquid chromatography and mass 
spectrometry with triple quadrupole. A total of nineteen fish samples 
were analyzed, sixteen fishes from fish farms (sea bass and sea 
bream) and three from extractive fishing (cod, mackerel and hake), 
but all of them were acquired in different supermarkets located in 
Valencia. Levels of enniatin A1, enniatin B and enniatin B1 were 
detected in the order of µg/kg in samples of farmed fish. The presence 
of these mycotoxins in fish tissue may be due to the intake of them in 
feed manufactured from raw materials containing these mycotoxins. 
Results showed that samples corresponding to aquaculture fishes 
showed mycotoxin contents, while samples from extractive fishing 
showed no presence of mycotoxins. Enniatin A and beauvericin were 
not detected in samples analyzed, while enniatin B was the most 
prevalent mycotoxin.  
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Resumen: Presencia de micotoxinas Fusarium en pescado de 
acuicultura. Las micotoxinas son metabolitos secundarios 
producidos por hongos filamentosos, principalmente Fusarium spp., 
Aspergillus spp. y Penicillium spp. Fusarium puede producir las 
denominadas micotoxinas emergentes: beauvericina y eniatinas 
(eniatina A, eniatina A1, eniatina B y eniatina B1), entre otras. Estas 
micotoxinas están  presentes en piensos destinados a peces de 
piscifactoría que incluyen cereales en su composición. Además, estas 
micotoxinas, al ser ingeridas,  pueden aparecer en el músculo de los 
animales, suponiendo un riesgo potencial para la salud humana, por 
lo que en el presente trabajo se propone el estudio de la presencia de 
las micotoxinas emergentes de Fusarium (beauvericina y eniatinas) 
en pescado. La extracción se realiza con acetonitrilo usando 
ultrasonidos. Las micotoxinas son identificadas y cuantificadas 
mediante cromatografía líquida y espectrometría de masas con triple 
cuadrupolo. Se analizaron un total de diecinueve muestras de 
pescado, dieciséis de ellas (lubina y dorada) procedentes de 
piscifactorías y tres muestras procedentes de la pesca extractiva 
(bacalao, caballa y merluza), todas ellas adquiridas en diferentes 

supermercados de Valencia. Se detectaron niveles de eniatina A1, 
eniatina B y eniatina B1 del orden de µg/kg en muestras de pescado 
procedente de piscifactoría. La presencia de estas micotoxinas en el 
tejido de los peces puede ser debida a la ingesta de éstas con el pienso. 
Los resultados mostraron que las muestras correspondientes a peces 
procedentes de piscifactoría estaban contaminadas con micotoxinas, 
mientras que en las muestras de pesca extractiva no se detectó 
contaminación. Eniatina A y beauvericina no se detectaron en las 
muestras analizadas, mientras que la eniatina B fue la micotoxina más 
prevalente.

Palabras clave: micotoxinas, pienso, pescado de piscifactoría, 
beauvericina, eniatinas.

Introduction

Mycotoxins are toxic compounds produced by filamentous fungi, 
mainly Fusarium spp., Aspergillus spp. and Penicillium spp. 
Trichothecenes, zearalenone and fumonisins are the major Fusarium 
mycotoxins occurring on a worldwide basis in cereal grains, pasta, 
nuts, animal feeds and forages [1-3]. Fusarium spp. are among the 
most common fungi on wheat grain [4] and the most studied plant-
pathogenic fungi, with several species causing diseases on maize, 
wheat, barley and other food and feed grains [5].

Commercial mixed feeds are a basic element in modern animal 
production. In general, by self-composition, they represent excellent 
substrates for mould growth, especially under favorable conditions 
such as high moisture and increased temperature [6], because they 
contain, among other ingredients, mixtures of cereals. Furthermore, 
in feed manufacturing processes, various batches of different raw 
materials are mixed together thus producing a totally new matrix with 
a new risk profile [7].

The use of such ingredients (cereals and leguminous plants) 
inevitably leads to the contamination of the final mixed feed with 
molds and the mycotoxins production [8,9]. 

Aquaculture is an expanding sector which has grown enormously in 
recent years and is growing rapidly worldwide. Today, aquaculture 
produces more than a quarter of the global total catch. In 2010, world 
production of cultivated edible aquatic species was 60 million tons, 
which represented a 7.5% increase over 2009 [10].

Fish in aquaculture is commonly exposed to feed-borne mycotoxins. 
The most important mycotoxicoses in fish are caused by aflatoxins, 
ochratoxins, zearalenone and trichotecenes [9]. Especially, wheat is 
often used for fish feed production due to its high protein content and 
its benefits concerning the preservation of the pellet shape during the 
production process of pelleted feed. The amount of wheat in fish feed 
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varies considerably, ranging from approximately 15 to 27 percent for 
carnivorous fish whereas feed for cyprinids usually contain 20 to 70 
percent [10,11].

In general, there is few data about toxicological effects of emerging 
Fusarium mycotoxins (figure 1). However, it was reported the 
cytotoxicity and cellular damage induced by beauvericin (BEA) and 
enniatins (ENs). In vitro assays have demonstrated that ENs produce 
reactive oxygen species (ROS) generation that induces lipid 
peroxidation (LPO) oxidative damage, apoptosis and necrosis via the 
mitochondrial pathway [12]. Further studies demonstrated that BEA 
induced cell death by mitochondria-dependent apoptotic process and 
DNA damage [13].

Toxins accumulated in fish food represent a potential risk for farmed 
species and then for customer health and safety due to potential 
transmission to meat [14-17].

Mycotoxins have carcinogenic, mutagenic, teratogenic and 
tremorgenic effects, and they can damage the central nervous system, 
liver and kidneys [18]. Thus, direct consequences of mycotoxin feed 
intake for animals include: reduced feed intake, feed refusal, poor 
feed conversion, diminished body weight gain, increased disease 
incidence, reduced reproductive capacities, which leads to economic 
losses [7,19].

Several studies showed that Fusarium contamination of cereals is 
frequent, but the major mycotoxins reported in commercial fish feed 
are deoxynivalenol (DON) and zearalenone (ZEA) [10]. 
Furthermore, the presence of aflatoxins and ochratoxin A (OTA) is 
reported in animal derived foods such as muscle, liver, kidneys, eggs 
and milk [20], because they are present both in raw materials and 
finish feed [21]. The occurrence of Fusarium toxins in aquaculture 
remains mostly unknown and research is needed because losses in 
aquaculture caused by mycotoxins in feed can be significant [10]. 
Direct loss is a consequence of increased mortality and indirect loss is 
a result of decrease of production and occurring of secondary diseases 
[9].

There is no data in the reviewed literature about the presence of 
mycotoxins in edible muscle of fishes and due to the fact that 
mycotoxins are present in raw materials and in feedstuffs used in 
aquaculture, resulting in a carryover effect. In this context, the aim of 
this study is to determine the presence of these emerging mycotoxins 
in aquaculture fishes.

Material and methods

Samples 

Fish samples were purchased from different supermarkets located in 
Valencia. Sixteen of them, nine sea bass (Dicentrarchus labrax) and 
five sea bream (Sparus aurata), were from hatcheries and three 
samples (mackerel, hake and cod) were from extractive fishing. 

The origin of the samples was as follows: Sea bass samples were from 
Spain (Cartagena, Murcia) and Greece (Argolis); sea bream samples 
were from Spain and Greece (Argolis); tilapia was from China and 
panga sample was from Vietnam. For extractive fishing samples, 
hake was from southeast Atlantic; cod and mackerel were from 
northwest Atlantic.

All samples were stored in a dark and dry place at -20ºC until analysis. 
After their packages had been opened they were put into specific glass 
food containers and analyzed within 3 days. 

Sample preparation

The method used for mycotoxin analysis (ENs and BEA) was 
previously optimized. For fish samples, a 10 g aliquot of each sample 
was homogenized with 50 ml of acetonitrile for 30 min and 30°C 
using a Branson 5200 ultrasonic bath (Branson Ultrasonic Corp., CT, 
USA). The extract was centrifuged at 3544.4 g for 15 min and 5°C. 
The supernatant was filtered and purified using C18 columns 
(Waters, Milford, Massachusetts) by applying a slight vacuum. The 
extract was evaporated to dryness at 30ºC using a Büchi Rotavapor R-
200 (Postfach, Switzerland). Then, the solution was reconstituted 
with 10 ml of AcN-MeOH 20 Mm of ammonium formate 50:50 v/v 
and evaporated to dryness at 30ºC using a multi-sample Turbovap LV 
Evaporator (Zymark, Hoptikinton, USA).  After solvent evaporation, 
the solution is reconstituted with 1 ml of MeOH. Then, the solution is 
filtered through 13 mm/0.22 µm nylon filter (Membrane Solutions, 
Texas, USA) prior injection into the LC-MS/MS system. The samples 
were extracted in triplicate.

Chemicals and standards

All solvents (acetonitrile and methanol) were purchased from Merck 
(Darmstadt, Germany). Deionized water (<8 MΩ cm resistivity) was 
obtained from a Milli-Q water purification system (Millipore 
Corporation, Bedford, MA, USA). Ammonium formate (HCO2NH4, 
97%) was supplied by Sigma-Aldrich (St. Louis, USA). All solvents 
were passed through a 0.22 µm cellulose filter from Membrane 
Solutions, Texas, USA, before use.

The stock standard of BEA was purchased from Sigma-Aldrich (St. 
Louis, USA).  ENs toxin solutions were provided by Biopure (Tulln, 
Austria). Individual stock solutions of BEA, ENA, ENB and ENB1 
with a 500 µg/ml concentration were prepared in methanol and ENA1 
with a 250 µg/ml concentration was prepared in methanol. They were 
stored in glass-stoppered bottles in security conditions at -20ºC. 
These stock solutions were then diluted with pure methanol in order 
to obtain the appropriate working solutions and were stored in 
darkness at 4 ºC until the LC-MS/MS analysis.

Instruments and analytical conditions

LC–tandem MS analyses were conducted on a system consisting of a 
Agilent 1200 chromatograph (Agilent Technologies, Palo Alto, CA, 
USA) coupled to a 3200 QTRAP® mass spectrometer (Applied 
Biosystems, AB Sciex, Foster City, CA, USA) equipped with a turbo 
ionspray electrospray ionisation (ESI) interface. The QTRAP® 
analyser combines a fully functional triple quadrupole and an ion trap 
mass spectrometer within the same instrument. Separation of 
analytes was performed using a Gemini-NX (Phenomenex, 150 mm 
× 4.6 mm, 5 μm of particle size) LC-column preceded by a guard 
column utilising the same packing material. The flow rate was set to 
0.8 mL min−1, and the oven temperature was 40ºC, with eluent A 
water (mobile phase A) slightly acidified with 0.1% formic acid and 5 
mM ammonium formate and eluent B (mobile phase B) methanol 
with 5 mM ammonium formate. The elution gradient started with 0% 
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of eluent B, increased to 100% in 10 min, decreased to 80% in 5 min 
and, finally, decreased to 70% in 2 min. During the subsequent 6 min, 
the column was cleaned and readjusted to the initial conditions and 
equilibrated for 7 min. The volume of the injections was 20 μL.

The analyses were performed using the Turbo V® ionspray in 
positive ionisation mode (ESI+). The operating conditions for the 
analysis were the following: ion spray voltage, 5500 V; curtain gas, 
20 (arbitrary units); GS1 and GS2, 50 and 50 psi, respectively; probe 
temperature (TEM), 450 °C. Nitrogen served as the nebuliser and 
collision gas. MRM experiments were performed to obtain the 
maximum sensitivity for the detection of target molecules. The 
optimisation of MS parameters as declustering potential (DP), 
collision energy (CE) and collision cell entrance potential (CEP) was 
performed by flow injection analysis for each compound; entrance 
potential (EP) and collision cell exit potential (CXP) were set at 10 
and 4 V, respectively, for all analytes (table 1). The MS was operated 
in multiple reaction monitoring (MRM) mode and with the resolution 
set to unit resolution for Q1 and Q3. 

Results and discussion

Method validation

The validation of the method was carried out according to the 
guidelines established by the European Commission [22]. The 
validation included the determination of linearity, limits of detection 
(LODs), limits of quantification (LOQs), recoveries, repeatability 
(intra-day precision) and reproducibility (inter day precision). 

Good sensitivity was obtained for selected mycotoxins when the 
ESI+ mode was applied: the base peak observed was [M+H]+ for all 
the mycotoxins studied. Table I shows the optimum parameter values 
for each analyte and the two most relevant MRM transitions: 
according to the EU regulations (EU, 2002), the first transition was 
used for quantification purposes, whereas the second transition was 
used to confirm the presence of target compounds in the sample.

In order to determine the linearity, calibration curves for each studied 
mycotoxin were constructed from the standards prepared in methanol 
and from the standards prepared in extract of blank sample. All 
mycotoxins exhibited good linearity over the working range (low 
concentration level at LOQ), and the regression coefficient of 
calibration curves was higher than 0.992.

The LODs and LOQs were estimated from an extract of a blank 
sample, fortified with decreasing concentrations of the analytes. For 6 
days additions were performed from three different blank samples 

(n=18), to the estimated concentrations for each mycotoxin. The 
LODs and LOQs were calculated using the criterion of S/N ≥ 3 and 
S/N ≥ 10 for LOD and LOQ, respectively. LODs, LOQs and matrix 
effect for each mycotoxin analyzed are shown in table 2.

The recoveries, intra-day precision and inter-day precision were 
evaluated by spiking different levels of standard analyte to samples at 
two spiked levels (LOQ and 100 times LOQ). RSD values ranged 
between 4 and 11% for the intra-day precision, and between 5 and 
15% for the inter-day precision. Recovery ranges for the low spiked 
level (LOQ) and the high spiked level (100 x LOQ) were 82-91% and 
83-90%, respectively. These values agree with EU criteria 
(Commission Decision, 2002).

For the evaluation of matrix effects, calibration curves were 
constructed for each studied mycotoxin from the standards prepared 
in methanol and from the standards prepared in extract of blank 
sample. For this purpose, a mixture of blank extracts of fish was 
prepared as blank sample. A suppression of the signal for all 
mycotoxins was observed. Therefore, to minimize these matrix 
effects and for a selective and reliable mycotoxin quantification in 
different fish samples, the employment of LC-MS/MS required 
matrix-matched calibration standards prepared with fish samples. 

Analysis of fish samples

ENs contents found in samples analyzed are summarized in table 3. 
ENA and BEA were not detected in samples analyzed, while ENB 
were the most prevalent mycotoxin (Figure 2). No contamination was 
found in samples from extractive fishing.

Nine samples out of nineteen (47%) were positive to ENA1, which 
was detected in a range from 1.51 to 7.45 µg/kg; 74% of samples were 
positive to ENB, which was detected in a range from 1.30 to 44.65 
µg/kg; ENB1 was detected in 58% of samples, in a range from 1.44 to 
18.95 µg/kg.

Comparing the results obtained between sea bass and sea bream, it 
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Table 1. Product-ions obtained in product ion scan mode for 
selected mycotoxins and sMRM optimized parameters

Table 2. LODs, LOQs and matrix effects (ME) (%) obtained in the 
validation study.

Figure 2. Chromatogram showing ENB (20.19±0.11) in a positive 
sea bass sample.
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can be observed that incidence for ENA1 is higher for sea bream 
samples (60% for sea bream and 55% for sea bass), while the 
incidence for ENB and ENB1 is higher for sea bass samples (89% and 
78%, respectively and 80% and 60% for sea bream, respectively).

Regarding the mean average between sea bass and sea bream 
samples, it can be observed that results are very similar, thus, for 
ENA1 the mean average is similar for both (4.4±0.08 µg/kg for sea 
bass and 4±0.08 µg/kg for sea bream), while for ENB and ENB1, it is 
higher in sea bream samples (15±0.11 and 13±0.07 µg/kg for sea 
bream, respectively, and 14±0.11 and 10±0.07 µg/kg for sea bass, 
respectively). 

This is the first report about emerging Fusarium mycotoxins in fish, 
so it is not possible to compare the results obtained with similar 
studies focused on these mycotoxins presents in edible fish muscle, 
but it can be compared with other studies which fed fishes with diets 
containing mycotoxins to observe the presence in edible tissues. 
Thus, comparing the results found in this survey with other surveys 
focused on “traditional” mycotoxins, it is concluded that they are 
similar. In fact, results of this survey are according to that reported by 
El Sayed and Khalil [23] who found 4.25±0.85 µg/kg of AFB1 in 
edible muscle of sea bass. In this way, Nomura et al. [24] reported 
AFB1 concentrations in liver higher than in muscle, suggesting that 
AFs from feed were more highly accumulated in liver than in muscle; 
however, the AFs metabolites aflatoxicol and AFM1 were detected in 
muscle, liver and in the rearing water. However, Deng et al. [25] 
reported that no detectable AFB1 residues were found in muscle, 
whereas quite high residues were determined in liver.

Conclusions

The presence of emerging Fusarium mycotoxins have been evaluated 
in aquacultured fish food acquired in markets located in Valencia. 
ENs were detected in this samples, however, no contamination was 
found in samples from extractive fishing, suggesting that mycotoxins 
are present in fish flesh due to the contamination of fish feed. ENA 
and BEA were not detected in samples analyzed, while ENB were the 
most prevalent mycotoxin with the highest concentration in a sea bass 
sample.

The contents obtained are the same order (µg/kg) than those obtained 
in other foodstuffs, mainly cereals. This fact suggests that surveys 
about the presence of mycotoxins in matrices scarcely studied, such 
as aquacultured fish, have to be carried out in order to obtain an 
approximation to the risk evaluation due to the intake of this 
foodstuffs. In this way, as reported by the Scientific Committee of the 
Spanish Agency for Food Safety and Nutrition (AESAN, 2011), in the 
case of aquacultured fish, although the presence of mycotoxins has 
increased in recent years, the data available in the scientific 
bibliography comes mainly from experimental studies and not from 
market studies. 

Mycotoxins are metabolized in animal organism by different 
pathways producing different effects which depend on the molecule, 
the animal species, sex and age. Thus, in edible muscle of fish can be 
present mycotoxin metabolites instead of the original molecule. 
Furthermore, as indicated by other authors, mycotoxins can be 
affected by cooking processes, generating degradation compounds. 
Consequently, studies on the transformation of emerging Fusarium 
mycotoxins by gut microflora as well as by thermal treatment 
(cooking processes) are needed.
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