


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, in order to retrieve the analytical 
information from the relevant spectra, methods requiring 
calibrations using mathematical models and multivariate 
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 mycotoxin-related clinical signs. 
Understanding the occurrence of mycotoxins, particularly in 
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 
of mycotoxin contaminants in fish feeds depends on 
environmental conditions, geographic origin, and the cultivation 
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 importance of Fourier Transform-Near 
Infrared Spectroscopy (FT-NIR) technology, as a useful analytical 
tool for animal feed ingredient analysis, will be highlighted.
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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 
B1 (AFB1), Fumonisin B1 (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 µg/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 µg/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 µg/kg; for complementary and 
complete feeding stuff, the advised limit is 5000 µg/kg. 
Similarly, excluding maize byproducts, the recommended limits 
for ZEN stand at 2000 µg/kg for cereal and cereal products. 
Furthermore, the acceptable limit for Ochratoxin A (OTA) in 
cereal and cereal products is 250 µg/kg. For T-2 and HT-2 toxins 
identified in cereal and cereal products (excluding oat bran), the 
recommended concentration is 500 µg/kg, whereas for ergot 
alkaloids present in feed containing unground cereal, the 
advised level is 1000 µg/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].

J Aquac Res Dev, Vol.14 Iss.12 No:1000826 1



1.2 mm, Nipro Diagnostics Germany GmbH, 
Ratingen,Germany) and positioned at the beam outlet of a 
TANGO NIR spectrometer (Bruker Optics, Ettlingen, 
Germany). All measurements were performed at room 
temperature. FT-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).

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 µg/kg for AFB1, 200 µg/kg 
for the sum of FB1 and FB2, 350 µg/kg for DON, 30 µg/kg for 
ZEN and 10 µg/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 χ2 statistical test [20]. Non-normally 
distributed occurrence data were assessed using the χ2 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 χ2 into several 
individual tests (2×2). In the assessment of mycotoxin 
concentrations in all samples, Student’s t-test 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.
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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-
treatment, streamlining the detection process. Mycotoxin 
contamination in 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 
information extraction from the data involving three phases: 
spectral pre-processing, multivariate model construction for 
calibration, and model transfer. Qualitative and quantitative 
methodologies are used for NIR spectroscopic 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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