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ABSTRACT

Mycotoxins are secondary metabolites produced by different types of fungi. They are frequently present in fish feed
ingredients and may negatively impact fish farming operations.

In this study aquafeed ingredients collected from suppliers in Greece were spectrally analyzed with Fouriertransform
Near Infrared Spectroscopy (FT-NIR). Mycotoxin concentration was indirectly estimated by measuring the spectral
absorption from organic compounds present in the samples.

In the examined samples, Fumonisin B1 (FB1), Fumonisin B2 (FB2), Zearalenone (ZEN), and Deoxynivalenol
(DON) were measured as the predominant mycotoxins, whereas Aflatoxin B1 (AFB1) and Ochratoxin A (OTA) were
not detected. Notably, all mycotoxin concentrations in aquafeed ingredients remained well below the Maximum
Permitted Limits (MPL), affirming the safety of aquaculture feeds used in Greece in compliance with the relevant
legislation.

This underscores the importance of continuous monitoring of fish feed ingredients, given the presence of mycotoxins
at low concentrations that may pose a threat to animal health. Moreover, the application of FI-NIR confirms that it is
a valuable analytical tool for contaminant detection, offering distinct advantages compared to traditional analytical
methods, including speed, cost-effectiveness, safety, and simultaneous analysis of multiple parameters.
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representing a global concern for both the livestock industry and
the safety of the feed supply chain.

INTRODUCTION

The global expansion of aquaculture has generated an increased

demand for fish feeds, playing a pivotal role in ensuring optimal
fish nutrition and health. In response to the decreasing
availability of fishmeal, there is a growing reliance on cereals as a

Mycotoxins are secondary metabolites that are produced by
different types of fungi and are frequently present in agricultural
goods intended for animal feed. These chemicals may be

harmful for both and livestock.  Fungal

contamination of agricultural raw material can occur during

substitute. Nevertheless, the sustainability of this practice is consumers

questionable as fishmeal shortages persist. Consequently, plant
ingredients have been included into fish diets, but they
frequently harbor different types of mycotoxins, presenting a
significant challenge. The pervasive threat of mycotoxins poses a
substantial ~ constraint  to

growth, before harvest, or during storage under unsuitable
humidity and/or temperature circumstances [1]. Plant-based feed
materials such as soybean meal, rapeseed/canola meal, maize/

animal  production systems, corn, wheat bran, wheat, and barley are increasingly included in
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aquafeeds substituting marine ingredients that are continuously
depleting as the result from reduced capture fisheries [2]. The
most prevalent contaminants found in animal feed are Aflatoxin
Bl (AFB1), Fumonisin Bl (FB1), Zearalenone (ZEN), and
Deoxynivalenol (DON) [3]. AFB1 is produced by both Aspergillus
flavus and A. parasiticus and it is the only mycotoxin subject to
regulatory limits under European Union legislation [4].
Fusarium mycotoxins of great importance include Fumonisins
(FB1, FB2, and FB3) and are primarily produced by F.
proliferatum and F. verticillioides; DON and ZEN which is
classified as a xenoestrogen are primarily synthesized by F.
graminearum and F. culmorum [4]. The distinct characteristics and
regulatory attention associated with each one underscore the
importance of ongoing research and regulatory measures to
ensure the safety of food and feed products. FBs and DON are
two of the most commonly found mycotoxins in fish feed at
elevated concentrations [5]. These mycotoxins have the potential
to negatively impact fish farm operations, potentially resulting in
large financial losses from increased mortality, decreased
production, and increased disease susceptibility [6].

The Directive 2002/32/EC of the European Parliament and
European Council (May 7, 2002), on undesirable substances,
only regulates the AFB1. For fish species, the maximum
permitted concentration in feed materials for AFB1 is 20 pg/kg,
and for fish feed for consumption is 10 parts per billion (ppb)
[7]. The European Commission (EC) has only set suggested
limits for the presence of other significant mycotoxins in
feedstuff and feed, such as DON, ZEN, T-2 and HT-2 toxin, FB1
and FB2 [8-10]. Of these suggested limits, fish species are
directly referenced only in values for FB1 and FB2. European
Commission has suggested a 10000 pg/kg limit for fish feeding
material that are complementary and comprehensive to
summarize FB1 and FB2. Except for maize byproducts, the
recommended maximum concentration for DON in cereal and
cereal products is set at 8000 pg/kg; for complementary and
complete feeding stuff, the advised limit is 5000 pg/kg.
Similarly, excluding maize byproducts, the recommended limits
for ZEN stand at 2000 pg/kg for cereal and cereal products.
Furthermore, the acceptable limit for Ochratoxin A (OTA) in
cereal and cereal products is 250 pg/kg. For T-2 and HT-2 toxins
identified in cereal and cereal products (excluding oat bran), the
recommended concentration is 500 pg/kg, whereas for ergot
alkaloids present in feed containing unground cereal, the
advised level is 1000 pg/kg. These regulatory standards serve as
crucial benchmarks in ensuring the safety and quality of cereal-
based products and feed materials.

Numerous analytical techniques for identifying mycotoxins in
aquafeeds and their constituents have been documented. Being
the most widely used method for multianalyte analyses, High
Performance Liquid Chromatography (HPLC) is extensively
used for mycotoxin determination as a highly sensitive, specific,
and dependable tool for detecting contaminants in food [11,12].
Several immunological techniques, such as the Enzyme-Linked
Immunosorbent Assay (ELISA), have been also documented
together with Biosensors used to analyze mycotoxin levels in a
range of aquafeed raw materials [13].
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Optical techniques like Near Infrared Spectroscopy (NIR) have
significantly attributed in the quest for quick procedures for the
measurement of components in food samples [14]. These
techniques for detecting mycotoxins need small samples and
minimal technical know-how. Additionally, unlike conventional
chemical analytical methods, these techniques are inexpensive
and do not require complicated sample pre-treatment. The most
common method for identifying mycotoxin contamination in
crops is spectroscopy [15]. This technology relies on indirect
measurements due to the complexity of the obtained spectral
data. When mycotoxin contamination by fungi and subsequent
fungal infection arises, the chemical makeup of food used in the
manufacturing sector is changed. NIR has the capacity to
examine these variations within particular ranges and develop
predictive models using qualitative or quantitative techniques
[15-17]. Therefore,
information from the relevant spectra, methods requiring
and multivariate

in order to retrieve the analytical

calibrations using mathematical models
statistical tools must be used [18].

Consumption of mycotoxin-contaminated feeds by animals may
result in adverse health effects, either directly or indirectly. The
occurrence and severity of mycotoxicosis are contingent upon
mycotoxin concentration and the simultaneous presence of
multiple mycotoxins. However, quantifying the precise impact of
mycotoxin contamination in fish is challenging due to the lack of
specificity  regarding
Understanding the occurrence of mycotoxins, particularly in

mycotoxin-related  clinical  signs.
field conditions, remains crucial even with the implementation
of good manufacturing practices. This knowledge gap is
particularly pronounced in terrestrial animals, while information
regarding mycotoxin presence in fish feeds is limited. The profile

in fish feeds

environmental conditions, geographic origin, and the cultivation

of mycotoxin contaminants depends on
practices of plants. This is the first study on Greek aquaculture, a
sector that holds the leading position in terms of volume and
value in EU aquaculture production. This research will study the
prevalence of mycotoxins that could impact Mediterranean
aquaculture, guiding the formulation of effective measures to
mitigate adverse effects. Tailoring mycobinding strategies to
specific mycotoxin types is essential, and this knowledge will
enable the development of preventive treatment to reduce fungal
prevalence in crops. The insights gained from this study will
contribute significantly to the advancement of aquaculture
practices and the safeguarding of the Mediterranean aquaculture
industry.

The aim of the present study was to assess mycotoxin
contamination in Greek aquafeed ingredients and to evaluate
FT-NIR spectroscopy as a validated technique for continuous
inspection. Specifically, the mycotoxin contamination rates of
raw materials used in fish feed production in Greek aquaculture
were estimated. The conducted results will lead to conclusion
regarding the assurance of farmed fish and consumers’ health.
Furthermore, the
Infrared Spectroscopy (FT-NIR) technology, as a useful analytical
tool for animal feed ingredient analysis, will be highlighted.

importance of Fourier Transform-Near
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MATERIALS AND METHODS

Aquafeed ingredient samples

124 aquafeed ingredient samples (approximately 2 kg per
sample) comprising of barley (2), soybean meal (32), wheat (46),
and corn (44) collected from various Greek suppliers, were
analyzed between 2022 and 2023. Following collection, samples
were refrigerated for less than 15 days until further analysis.

Pre-treatment of samples

To create a representative laboratory sample, quartering method
was applied to ensure representative sampling [19]. Every sample
was placed on a spotless, non-absorbent flat surface upon its
arrival in the laboratory. A cone-like shape was created from the
aggregate sample. Next, using a quartering divider, the top of the
cone was flattened and divided into four equal quarters.
Following the removal of two opposing quarters (making sure
that all dust and other tiny particles are also wiped away each
time), the remaining pair was combined and formed into a
different cone. This process was repeated until the remaining
quarters were down to 100 g. A portion of each sample (100 g)
was then ground in an ultra-centrifugal mill (ZM 200 Ultra
Centrifugal Mill, Retsch GmbH, Haan, Germany) with 1 mm
diameter sieve.

Fourier Transform-Near Infrared (FT-NIR) analysis
and acquisition

In the field of mycotoxin detection, Infrared (IR) spectroscopy-
based methods stand out as among the most promising due to
their ability to work with small samples and requiring limited
technical expertise. These techniques not only offer cost-effective
solutions but also eliminate the need for extensive sample pre-
streamlining the detection process. Mycotoxin
crops is routinely identified through
spectroscopic approaches, with Near-Infrared (NIR) spectroscopy
playing a pivotal role. NIR spectroscopy identifies molecular
overtones and combined vibrations of chemical bonds. All
spectra are challenging to decipher for specific constituents
present in a sample. Chemometrics are instrumental in direct

treatment,
contamination in

information extraction from the data involving three phases:
spectral pre-processing, multivariate model construction for
calibration, and model transfer. Qualitative and quantitative
used for NIR spectroscopic

methodologies are model

development.

The quantity of 100 g ground sample was transferred to an FT-
NIR spectrometer (TANGO FT-NIR spectrometer, Bruker
Optics, Ettlingen, Germany) which emitted electromagnetic
radiation in the infra-red region to perform spectral acquisition.

The quantity of 100 g ground sample was transferred to an FT-
NIR spectrometer (TANGO FT-NIR spectrometer, Bruker
Optics, Ettlingen, Germany) which emitted electromagnetic
radiation in the infra-red region to perform spectral acquisition.

For recording of FT-NIR spectra with diffuse reflectance, the
milled samples were placed in a glass vial (52.0 mm x 22 mm x
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1.2 mm, Nipro GmbH,
Ratingen,Germany) and positioned at the beam outlet of a
TANGO NIR spectrometer (Bruker Optics, Ettlingen,
Germany). All measurements were performed at
temperature. FI-NIR spectra were then recorded in total
reflectance mode in the wave number range between 12500 and
3600 cm—1 at a resolution of 16 cm-1. The rotating sphere
macro sample was the cell type used for reading solid samples;
each spectrum was read in approximately 30 s. Background was
acquired at the beginning of each measurement series and
additionally when indicated by the spectrometer software. The
FT-NIR spectrometer was remotely controlled using TANGO
software (Bruker Optics, Ettlingen, Germany).

Diagnostics Germany

room

Measured spectra were uploaded to Olimpo platform (Pegasus
Science) and the result of mycotoxin concentration in each
sample was acquired. The method’s Limits of Detection (LOD)
for the acquired mycotoxins were 5 pg/kg for AFB1, 200 pg/kg
for the sum of FB1 and FB2, 350 pg/kg for DON, 30 pg/kg for
ZEN and 10 pg/kg for OTA.

Mycotoxin occurrence

Mycotoxin occurrence (%) in each aquafeed ingredient was
calculated by the ratio of positive samples to all samples
analyzed. Aquafeed samples with mycotoxin concentration above
method’s LOD were considered as positive whereas mycotoxin
concentration below LOD was identified as negative.

Statistical analysis

Statistical analysis of occurrence data for mycotoxins involved
the utilization of the 2 statistical test [20]. Non-normally
distributed occurrence data were assessed using the %2 statistical
test to determine independence in the distributions of
contaminated samples. The null hypothesis of independence was
rejected if the P-value was out of the significance threshold of
0.05, indicating a lack of distinction between positive or negative
associations between two species. Contaminated samples were
considered associated in the cases that the null hypothesis of
independence was rejected. The comparison of mycotoxin rates
was conducted at two distinct levels. Evaluation of differences
between detectable (positive) and non-detectable (negative) values
for each tested mycotoxin was performed, with statistically
significant differences indicated in the graph through lowercase
letters. Additionally, a comparison was made between the rates
of all detected mycotoxins within a specific raw material, with
statistically significant differences highlighted in capital letters on
the graph. To accurately identify points of statistical significance,
the data analysis involved partitioning the initial %2 into several
individual tests (2x2). In
concentrations in all samples, Student’s ttest was employed to
compare mean FB concentrations between corn and soy samples.
Furthermore, Analysis of Variance (ANOVA) and Tukey’s post
hoc analysis were applied as statistical tests to assess differences
in mean concentrations of DON and ZEN among various raw
materials. The SPSS Statistics 26 package was utilized in all
instances, with a significance level set at P<0.05.

the assessment of mycotoxin
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RESULTS

In the analyzed corn samples, the predominant mycotoxins were
FB1-FB2, detected in 75% of the samples, followed by ZEN at
47.73% (Figure 1). Both Fumonisins and ZEN occurrence were
significantly higher compared to DON (p<0.001) which
exhibited a significantly lower occurrence at 9.09%. AFB1 and
OTA were not detected in examined samples. All barley samples
exhibited contamination with DON and ZEN mycotoxins, while
OTA was absent, with concentrations noted below the limit of
detection. In wheat samples, a significantly higher rate was
observed for DON (78.26%) compared to ZEN-contaminated
samples (21.74%), while OTA was not detected in any wheat
sample. In soy samples, ZEN was detected in 31.25% and FB1
and FB2 exhibiting lower occurrence (6.25%). AFB1, DON, and
OTA were not detected in any soy sample. Mycotoxin
occurrence (%) in each aquafeed ingredient is shown in Figure
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Figure 1: Occurrence (%) of mycotoxins in aquafeed ingredients.
Mycotoxins not sharing a common superscript letter among
aquafeed ingredients are significantly different (P<0.05). Note: (H):
Positive; (®): Negative; A,B: Statistical differences within the same
raw material; ab: statistical differences of a specific mycotoxin
between different raw materials; AFB1: Aflatoxin B1l; FB1+FB2:
Fumonisin Bl+ Fumonisin B2; DON: Deoxynivalenol; ZEN:
Zearalenone; OTA: Ochratoxin A.
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Concerning DON concentrations, the range varied from 463.5
pg/keg in corn to 1007.2 pg/kg in wheat. High concentrations
were also identified in barley (894.5 pg/kg), while soy samples
concentrations remained below the detection limit. All samples
were found to be within recommended limits.

FB1-FB2 were identified in corn and soy, with corn recording
significantly higher concentration values (953 pg/kg) compared
to soy (288.5 pg/kg). ZEN was detected across all examined
samples, with significantly lower concentration values found in
corn (36.28 ng/kg) and wheat (37.72 pg/kg). Barley exhibited a
mean ZEN concentration of 47 pg/kg, while soy samples
displayed a significantly higher concentration of 60.5 pg/kg. All
mycotoxin concentrations in aquafeed ingredients detected were
well below MPL with several mycotoxins below the LOD.
Mycotoxin concentrations (mean, max) in all examined samples
and maximum permitted limits are shown in Table 1.

According to the survey data, in most samples (49.19%), the co-
occurrence of two mycotoxins was noted, while 22.59% of the
samples were contaminated with a single mycotoxin, and 0.8%of
the samples exhibited contamination with three mycotoxins.
Approximately 22.59% of the samples were found to be devoid
of mycotoxin contamination. Percentage of mycotoxins co-
occurrence is presented in Figure 2.

22.59%
1 mycotoxin

27,42%

" 0.8%
no mycotoxins

3 mycotoxins

49.19%
2 mycotoxins

Figure 2: Percentage of mycotoxins co-occurrence. Notes (1)
0.8% of 3 mycotoxins; (™): 49.19% of 2 mycotoxins; (M ):
22.59% of 1 mycotoxins; (M): 27.42% of no mycotoxins.

Corn Barley Wheat Soy
MPL Mean Max Mean Max Mean Max Mean Max
AFB1 20 <5 <5 Na Na Na Na <5 <5
FB1,2 10,000 953 +105.7a 2169 Na Na Na Na 288.5 £5.5b 294
DON 8,000 463.5 + 654 894.5 + 1184 1007.2 + 2338 <350 <350

63.7a 289.5b 82.2b

ZEN 2,000 36.28 + 1.2a 51 47 +2.0b 49 37.72+£2.0a 46 60.5+53c 83
OTA 250 <10 <10 <10 <10 <10 <10 <10 <10
Aw 0.6 0.61 0.55 0.55 0.55 0.62 0.58 0.67

Note: MPL- Maximum Permitted Limits; Na- Non-analyzed mycotoxins; AW: Water Activity; AFB1: Aflatoxin B1; FB1+FB2: Fumonisin B1+
Fumonisin B2; DON: Deoxynivalenol; ZEN: Zearalenone; OTA: Ochratoxin A; a,b: Statistical differences of a specific mycotoxin between different
raw materials, Mycotoxins not sharing a common superscript letter among aquafeed ingredients are statistically significant different (p<0.05).

Table 1. Mean mycotoxin concentration * standard error of positive analyzed samples. Maximum values in aquafeed ingredients (ug/
kg) are presented for corn, barley, wheat, and soy samples, alongside non-analyzed mycotoxins (Na), Maximum Permitted Limits
(MPL), and Water Activity (Aw). Mycotoxins not sharing a common superscript letter among aquafeed ingredients are statistically

significant different (p<0.05).
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DISCUSSION

The global issue of mycotoxin contamination in animal
production including aquaculture stems from the unpredictable
contamination of feed ingredients by fungi, with the inclusion
of plantbased protein in fish feed identified as a specific
contributing factor. Both consumers and farmed animals are at
risk for health problems due to the presence of mycotoxins in
agricultural products used to feed animals.

In the current study, AFB1 was found to be below the limit of
detection in all examined samples, providing assurance regarding
the safety of the samples with respect to public health concerns.
Notably, the study identified FB1-FB2 in 44.8% of all samples,
with concentrations reaching a maximum of 2169 pg/kg.
Additionally, DON was present in 33.9% of the samples, and
the maximum concentration observed was 2338 pug/kg.
Furthermore, ZEN was detected in 34.7% of the examined
samples, with the highest concentration recorded at 83 ug/kg. In
Europe, the presence of AFB1 and FBI-FB2 in aquafeeds has
previously been documented, with reported occurrence rates of
17% and 30%, respectively. Additionally, a substantial 67% of
the tested aquafeed samples exhibited positive results for ZEN
and DON [21]. Moreover, raw materials used in aquafeed
formulations, soybean meal,
displayed positivity for all assessed mycotoxins. Specifically,
AFB1 was detected at rates ranging from 2% to 6%, while FB1-
FB2 exhibited rates ranging from 26% to 70%. ZEN was
identified in raw materials at rates ranging from 5% to 16%, and
DON was prevalent at rates varying from 11% to 47% [6]. OTA
was consistently identified in all examined samples, falling below
the limit of detection of the analytical method (<10 pg/kg). In
contrast, other surveys focusing on aquafeeds, and raw materials
reported an occurrence of OTA in 67% of the examined
aquafeed samples, with occurrence rates in raw materials ranging
from 9% to 12%. European fish feed samples exhibited relatively
low average concentrations of AF (0.43 pg/kg) and OTA (1.53
ug/kg). However, higher average contamination values were
observed in European samples for ZEN (118.01 pg/kg), DON
(165.61 pg/kg), and Fumonisins (3415.92 pg/kg) compared to

their Asian counterparts [21].

including wheat, corn, and

Corn samples exhibited low mycotoxin contamination, with
concentrations of various mycotoxins well below the maximum
permitted limits. The mean concentration of FB1-FB2 was
recorded at 953 pg/kg, reaching a maximum value of 2169 pg/
kg. Notably, the contamination values reported in this study
were lower than those previously published for European corn
samples, which showed a mean concentration of 2496 pg/kg and
a maximum of 49,347 pg/kg for FB1, along with 7944 pg/kg for
FB2. Furthermore, ZEN and DON mean concentrations were
36.28 pug/kg with a maximum of 51 pg/kg and 463.5 ug/kg with
a maximum of 654 pg/kg, respectively. These values were also
lower compared to those reported in other studies, with 165 pg/
kg (maximum 1282 pg/kg) for ZEN and 826 pg/kg (maximum
10,020 pg/kg) for DON [6]. AFB1 and OTA were below the
limit of detection in all corn samples, although these mycotoxins
have been previously detected at concentrations of 12 pg/kg and
24 ug/kg, respectively [6].
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In barley samples, the prevalent mycotoxins were DON and
ZEN, with mean concentrations of 894.5 pg/kg (maximum 1184
ug/kg) and 47 pg/kg (maximum 49 pg/kg), respectively, while
OTA was below the limit of detection. Unfortunately, these
values cannot be directly compared, as data regarding barley
samples in aquafeeds are not currently available.

Wheat samples exhibited contamination, particularly with a high
mean concentration of DON at 1007.2 pg/kg (maximum 2338
ng/kg) [6]. ZEN showed a mean concentration of 37.72 pg/kg
(maximum 46 pg/kg), and OTA was below the limit of
detection. Comparative analysis with previously presented
European wheat samples revealed higher contamination values
for DON (470 pg/kg, maximum 1330.8 pg/kg) and ZEN (64 pg/
kg, maximum 738 pg/kg), while OTA was detected at a mean
concentration of 6 pg/kg (maximum 45 pg/kg) [6].

In soybean meal samples, the maximum concentrations of FB1-
FB2 and ZEN reached mean concentrations of 288.5 pg/kg
(maximum 294 pg/kg for FB1) and 60.5 pg/kg (maximum 83
ug/kg), respectively. Concentrations of DON and OTA were
consistently below the limit of detection of the analytical
method. It is worth to mention that soybean meal in aquafeeds
has been previously reported to be contaminated with these
mycotoxins at higher concentrations in earlier studies [5].
Specifically, FB1-FB2 were noted at mean concentrations of 371
pg/kg (maximum 1462 pg/kg) and 83 pug/kg (maximum 424 pg/
kg), respectively. Samples contaminated with ZEN exhibited a
mean concentration of 81 pg/kg (maximum 354 pg/kg).
Moreover, tested samples were positive for DON and OTA, with
mean concentrations of 85 pg/kg (maximum 543 pg/kg) and 3
ng/kg (maximum 7 pg/kg), respectively [6].

Mycotoxins have been emerged as a new research area in
aquaculture, while during recent years an effort to elucidate
their implications on fish health and welfare is documented.
The contamination of plantbased ingredients with mycotoxins
presents a global challenge, causing impacts on both animal
health. Animal health
resulting in reduced growth and
productivity, toxicity, hepatic problems, immunotoxicity, and
functional abnormalities [22-24]. Even at low concentrations,
a broad

underscoring the necessity for early detection and subsequent

production and public can be

significantly impacted

mycotoxins induce spectrum of health issues,
treatment or rejection of contaminated feeds. To mitigate the
economic implications associated with mycotoxin-contaminated
fish feeds, increased monitoring practices are recommended to
ensure the safety of farmed fish and the proposed techniques

herein contribute to this objective.

In addition, this study provides information on the
predominant mycotoxins expected in raw materials used in
aquafeeds. Gaining knowledge about specific mycotoxin-
contaminating feeds becomes crucial for formulating tailored
protective strategies, recognizing that different preventive
measures must be applied for each individual mycotoxin. AFB1,
DON, ZEN, and FB1 are the four predominant mycotoxins
found in animal feeds most frequently [3]. As ZEN interferes
with animal reproduction through its estrogenic activity, it can
cause reproductive issues like hyperestrogenism, sterility, and
even abortions [25]. These mycotoxins have the potential to
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negatively impact fish farm operations, potentially resulting in
large financial derived from mortality,
productivity, and increased disease susceptibility [6]. In all the
examined, the
mycotoxins was observed; however, all results remained below
the maximum permitted limits. Notably, in Greece, the situation
appears more favourable compared to other countries because of

losses decreased

samples presently occurrence of various

the lower mean and maximum concentrations of mycotoxins
detected [6,21]. The findings underscore the pervasive nature of
mycotoxin contamination in aquafeed ingredients, highlighting
the necessity for stringent monitoring and mitigation strategies
within aquaculture practices. Moreover, these results highlight
the considerable variability in mycotoxin levels in fish feed
samples across regions, demanding continual surveillance efforts
to ensure the safety and compliance of aquafeed formulations.
Similarly, the variability in mycotoxin levels across different
grains is underscored, necessitating ongoing monitoring for a
comprehensive risk assessment.

Considering that one of the biggest challenges confronting the
world today is the safety of food and feed, the European Union
(EU) has prioritized this issue, as reflected in numerous
legislative documents establishing maximum recommended
levels of mycotoxin contamination in food and feed [9,26].
However, attention has been drawn to the observation that EU
has set relatively high maximum recommendation levels for
mycotoxin detection in aquafeed ingredients [27,28]. This has
prompted suggestions from several authors to enforce more
stringent legislation in order to ensure the highest quality and
safety standards. Such measures are imperative to prevent
mycotoxin contamination in food and feed from resulting in
severe health problems and financial losses within animal
production.

CONCLUSION

A comprehensive study involving four distinct types of animal
feed ingredients (corn, barley, wheat, and soybean meal) from
various Greek suppliers was conducted using the FT-NIR
analytical technique to detect mycotoxins (AFB1, ZEN, DON,
FB1-FB2, and OTA). All identified mycotoxins were found to be
within established safe limits, with minor variations observed
among the different ingredients. Nevertheless, it is well-
established that even at low concentrations, mycotoxins can give
rise to significant health and welfare issues in both terrestrial
and aquatic farmed animals. This study represents the first
research on data concerning the contamination of raw materials
used in aquafeeds within the context of Greek Mediterranean
aquaculture. The insights obtained from this research will be
instrumental for aquafeed industries in monitoring raw
materials. The report outlines the most frequently observed
additional
information about the predominant mycotoxins associated with

mycotoxins in each raw material, providing
each specific material. This knowledge serves as a valuable
resource for enhancing the efficacy of monitoring practices

within the aquafeed industry.

Hence, the ongoing monitoring, coupled with a straightforward
and rapid mycotoxin detection method, is considered crucial.
The application of FT-NIR in mycotoxin determination is

OPEN 8 ACCESS Freely available online

facilitated by its established use in measuring the components of
food samples in aquafeed industries. This recognition implies
the potential for its expanded utilization. Utilizing FT-NIR for
mycotoxin analysis offers an accessible, cost-effective, and rapid
method for continuous monitoring of raw materials, ensuring
supervision and safety in animal feed production, including fish
feeds. Its application extends to various aspects of animal feed
production, particularly in aquafeed manufacturing.

Notably, in Greece, the fish feeds used in aquaculture conform
to the pertinent legislation, displaying lower mean and
maximum contamination levels when compared to other
countries, finding that underscores the high standards within
the aquaculture industry.
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