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REVIEW

Ochratoxin A in hazelnuts

ADEM SAVAS

Summary

Hazelnut represents a significant agricultural plant cultivated in numerous countries worldwide. Hazelnuts are quite
rich in macro- and micro-components. They are highly susceptible to growth of fungi with development of mycotoxins.
Among the mycotoxins, ochratoxin A (OTA) is one of the most prevalent contaminants found in a variety of food
products. OTA is produced by various fungi including those from genera Aspergillus and Penicillium. Awareness is
created regarding hazelnuts and OTA through a comprehensive analysis of the existing literature obtained from the
Web of Science (Clarivate, Philadelphia, Pennsylvania, USA). This review provides a comprehensive summary of the
chemical structure of OTA, its effects on health, applied detoxification methods and analytical methods. While the
current research advances our understanding of hazelnuts and OTA, the feasibility of appropriate analysis methods
underscores the need for further research and OTA studies in hazelnuts to confirm findings as well as to establish safe

and effective practices.
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The hazelnut (Corylus avellana L.), a member
of the Betulaceae family, is one of the most widely
produced nuts in the world. Among the most sig-
nificant producers of hazelnuts are Turkey, Italy,
USA, Azerbaijan and Spain. The hazelnut is
a perennial climax plant, grows in humid and tem-
perate climatic conditions. The plant exhibits op-
timal growth in regions where the average annual
total precipitation is 755 mm and the average
temperature is 13-16 °C. Its fruits, hazelnuts and
products produced from them are consumed on
a global scale due to their nutritional value, which
provides amino acids, fatty acids, vitamins and
minerals necessary for human health. The distinc-
tive attributes of hazelnuts include colour, taste,
aroma and texture, influence consumer prefer-
ence [1-5]. Hazelnut kernels are utilised as a raw
material in the production of a multitude of food
products. Nevertheless, the majority of hazelnut
kernels are utilised in the chocolate industry [2].

A comparison of the changes in hazelnut
production and consumption over time reveals
a clear correlation between the growing demand
from consumers for health-promoting foods and
the increasing interest in hazelnuts. According to
data from the Food and Agriculture Organization
(FAO, Rome, Italy), hazelnuts are currently culti-

vated in 30 countries worldwide. With the ongoing
expansion of interest within the hazelnut cultiva-
tion sector, the quantity of production continues
to increase [6-8].

Hazelnuts are also a rich source of biologically
active compounds. They are reported to contain
significant levels of protein, fatty acids (in particu-
lar oleic acid and linoleic acid), minerals, vitamins
and antioxidant compounds, depending on
differences in growing areas [1, 9, 10]. Converse-
ly, due to their composition, hazelnuts are highly
susceptible to the growth of fungi and develop-
ment of mycotoxins, which have been demonstrat-
ed to have mutagenic and carcinogenic effects on
humans and animals [11, 12].

The principal objective of this review was
to present a synopsis of the current knowledge
on hazelnuts, with a particular focus on ochra-
toxin A (OTA). Furthermore, this review aimed
to contribute to the existing body of literature on
OTA, a mycotoxin of significant concern in ha-
zelnuts. It also seeked to provide insights into the
legal regulations pertaining to OTA, its effects on
human health. the latest development in analytical
methods and devices employed in the detoxifica-
tion process.

Adem Savas, Hazelnut Specialisation Coordination Office, Giresun University, Prof. Ahmet Taner Kiglali Street, 28200 Giresun,

Turkey. E-mail: adem.savas@giresun.edu.tr

© 2024 National Agricultural and Food Centre (Slovakia)

289


mailto:adem.savas%40giresun.edu.tr?subject=

Savas, A.

J. Food Nutr. Res., Vol. 63, 2024, pp. 289-296

A field distribution analysis

A review of the subject areas covered in the
selected documents in the Web of Science (Clari-
vate, Philadelphia, Pennsylvania, USA) database
revealed that the research focus was predomi-
nantly on food science and technology, applied
chemistry, plant sciences, environmental sciences
and nutrition dietetics. Furthermore, the countries
where most of the research on hazelnuts was con-
ducted were Turkey, Italy, USA, China and Spain.
It is noteworthy that the aforementioned countries
are among the leading producers of hazelnuts.

Mycotoxins and ochratoxin A

Mycotoxins are defined as secondary metabo-
lites produced by various fungi. To date, more than
400 mycotoxins have been identified. In humans
and animals, various toxic effects were observed
upon consumption of these toxins. Indeed, the
formation of these toxins is common in a multi-
tude of food products [13, 14]. While mycotoxins
are known to cause a quality loss in foods, they
can also have a number of undesirable socio-eco-
nomic and health consequences for humans and
animals [15, 16]. In particular, these compounds
are stated to exhibit a range of adverse effects, in-
cluding cytotoxicity, nephrotoxicity, neurotoxicity,
carcinogenicity, mutagenicity, immunosuppression
and estrogenicity [17]. The most prevalent and fre-
quently encountered mycotoxins in food products
are aflatoxins, ochratoxins, trichothecenes, zea-
ralenone and fumonisins [18].

Another significant group of mycotoxins pro-
duced by fungi, including Aspergillus and Peni-
cillium species, are ochratoxins. It is stated that
there are more than 20 subtypes of ochratoxins.
Of the various subtypes, OTA is the most preva-
lent and toxic ochratoxin [19-21]. This mycotoxin
was first identified in 1965 as a metabolite of As-
pergillus ochraceus, and it is identified now as a po-
tent nephrotoxin [18, 22]. Upon examination of its
chemical structure, OTA is defined as a mycotoxin
consisting of phenylalanine and dihydroisocou-
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Fig. 1. Ochratoxin A chemical structure.
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maric acid connected by an amide bond [23]. OTA
is a white, odorless, heat-resistant, crystalline solid
with poor water solubility [24]. The chemical struc-
ture of OTA is given in Fig. 1.

Humans and animals may be exposed to OTA
through a number of routes, including dermal
contact, inhalation and ingestion [21]. A number
of factors, including temperature, humidity, stor-
age conditions and suboptimal agricultural prac-
tices, is accepted as important pathways or factors
in the formation of OTA [25, 26]. The intake of
OTA can occur through the consumption of a va-
riety of foods and beverages, including grains and
grain products, cocoa and cocoa products, foods
prepared with coffee, beer and wine, rice, biscuits,
flour, palm oil, olive oil, spices and meat products
[23, 27]. Indeed, a number of studies identified
varying levels of OTA in human urine and blood
samples [23, 28-32]. A review of studies on ani-
mals stated that OTA, in addition to being toxic
and carcinogenic, has a number of adverse effects,
including immunotoxicity, inhibition of macromo-
lecular synthesis, increased lipid peroxidation and
inhibition of mitochondrial respiration. Based on
animal experiments, the International Agency for
Research on Cancer (IARC, Lyon, France) classi-
fied OTA as a Group 2B carcinogen, which is
a probable human carcinogen [23, 25, 26]. Euro-
pean Food Safety Authority (EFSA, Parma, Italy)
established the tolerable weekly intake for OTA at
120 ng per kilogram of body weight [33, 34].

Effects of ochratoxin A on health

While the consumption of foods can prevent
the onset of numerous diseases, it is also possible
for these foods to cause disease. World Health
Organization (WHO, Geneva, Switzerland) high-
lighted the significance of instilling healthy nutri-
tion practices at an early age stating that this can
significantly reduce the occurrence of numerous
diseases [35, 36]. As a matter of fact, individuals
may be exposed to chemical pollutants and mi-
crobial-derived toxins in a number of ways. It has
been stated that mycotoxins, which are particularly
the secondary metabolites of filamentous fungi,
can be introduced to humans through contact,
ingestion or inhalation [14, 37-39]. Humans and
animals may be exposed to mycotoxins by ingest-
ing contaminated food. Foodstuffs contain macro-
and micro-components that support the growth
of microorganisms and production of toxins by
them. Previous studies demonstrated the presence
of mycotoxins in human urine and blood samples.
Therefore, diseases may result from these toxins
[14, 39]. Aflatoxin B1, fumonisin B1 and OTA
are the most toxic mycotoxins for mammals, with
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Tab. 1. The conditions under which ochratoxin A is produced by various fungi [46].

Penicillium Aspergillus Aspergillus Aspergillus

verrucosum ochraceus carbonarius niger
Minimum temperature [°C] 4-10 5-10 5-15 10-15
Maximum temperature [°C] 21-31 30-40 30-45 35-41
Optimum temperature [°C] 24-25 20-35 15-30 15-35
Minimum water activity 0.80-0.83 0.87-0.90 0.85-0.94 0.90-0.95
Optimum water activity 0.95-0.99 0.95-0.99 0.95-0.99 0.95-0.99
Minimum time [d] 7 3 2-5 3-7
Optimum time [d] >14 9-21 10-15 5-30

various toxic effects including hepatotoxicity,
teratogenicity and mutagenicity. Furthermore,
these mycotoxins may cause a number of further
diseases, including hepatitis, bleeding, oedema,
immunosuppression, hepatic carcinoma, equine
leukoencephalomalacia, oesophageal cancer and
renal failure [14].

A significant group among mycotoxins is that
of ochratoxins. In particular, OTA has been classi-
fied by the IARC as a Group 2B carcinogen, which
may potentially affect humans. In studies, it was
demonstrated that ochratoxin A is present in hu-
man urine and blood samples, and that it tends to
accumulate in organs. This phenomenon can be
attributed to the high affinity of OTA to proteins
[38, 40]. OTA is structurally analogous to the ami-
no acid phenylalanine and thus exerts an inhibi-
tory effect on enzymes that utilise phenylalanine
as a substrate. Additionally, OTA was reported to
exert effects that enhance mitochondrial damage,
oxidative stress, lipid peroxidation, oxidative phos-
phorylation and also apoptosis in a range of cell
types [41]. Moreover, it was stated that OTA is as-
sociated with various diseases (chronic interstitial
nephropathy, testicular cancer and kidney tumors)
in men [14, 38, 42].

Formation of ochratoxin

Mycotoxins are secondary metabolite toxins
that can develop in a variety of food products. It
is evident that a multitude of factors influence the
formation of mycotoxins. These factors are typi-
cally classified as physical (humidity, temperature,
mechanical damage, time), chemical (CO2, O,
chemical structure of the substrate) and biological
(inoculum density, plant tolerance, interactions of
microorganisms) [43].

The presence of ochratoxins in a multitude of
food products of plant and animal origin repre-
sents a general toxic risk to humans [44]. Asper-
gillus and Penicillium genera of fungi are the
primary sources of OTA. The formation of ochra-

toxins is influenced by a multitude of factors [45].
AMEZQUETA et al. [46] presented a table (Tab. 1)
that indicates temperature, water activity and time
parameters at which OTA is produced by various
species of Aspergillus and Penicillium genera.

As demonstrated in Tab. 1, temperature, water
activity and time exert a significant influence on
OTA formation. It is evident that environmental
factors play a pivotal role in this process. In ad-
dition to temperature and water activity, various
other factors, including the composition of the
medium, concentration of micronutrients, pH and
the presence of competitive substances also have
a direct influence on the formation of OTA [43,
46, 47]. Indeed, it is believed that the formation
of OTA, which was identified in numerous food
products, can be significantly reduced by taking
these parameters into account.

Detoxification of ochratoxin A

Mycotoxins can cause significant economic and
nutritional losses. FAO reported that 25 % of the
world‘s agricultural products are contaminated
with mycotoxins [48, 49]. Consequently, a number
of techniques were developed to reduce the levels
of mycotoxins in food and various products [49].
Physical, chemical and biological detoxification
methods are employed to reduce the ochratoxin
A levels. Physical methods generally consist of
sorting, separation, peeling and cleaning processes
[21]. As further physical methods, heating, ex-
trusion, adsorption, ultraviolet or gamma irra-
diation and treatment with cold plasma are used
[45]. Data on physical detoxification of various
foods were published in several studies [50-52].
In a study published in 2014, MUSTAPHA et al. [53]
reported that the OTA contents of Tunisian millet
samples subjected to gamma radiation at various
dosages (1 kGy, 3 kGy, 10 kGy) decreased by
13 %, 44 % and 74 %, respectively. In a further
study, ABBASI PIROUZ et al. [54] synthesized a new
adsorbent, magnetic graphene oxide adsorbent,
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modified with chitosan to beused to reduce myco-
toxins. Furthermore, the authors indicated that at
50 °C and pH 5, a new magnetic graphene oxide
modified with chitosan could reduce aflatoxin B1,
OTA and zearalenone. In a study published in
2019, Casas-Junco et al. [55] subjected roasted
coffee samples to cold plasma treatment. The
cold plasma treatment was conducted at an input
power of 30 W and an output voltage of 850 V,
with helium flowing at a rate of 1.5 I'min-l. The
results indicated that the OTA content decreased
by 50 % after 30 min of treatment. In a separate
study [56], it was demonstrated that various heat
treatment processes (roasting and microwave
heating) had a reducing effect on aflatoxins and
OTA in pistachios.

Chemical detoxification methods are based
on the use of chemical compounds to bind or
destroy OTA [21]. The chemical methods includ-
ing alkalization, oxidation and the use of certain
chemicals are commonly employed [45]. Several
published studies demonstrated the efficacy of
chemical methods in reducing the levels of OTA
in food products [57, 58]. OzcaN and GOKMEN
[59] demonstrated that the OTA contents of
raisin samples decreased by up to 50 % following
alkali application. In a study on various nuts using
citric, lactic and propionic acids, JUBEEN et al. [60]
demonstrated that the decontamination of afla-
toxin B1 and total aflatoxins in contaminated ha-
zelnuts was significantly improved with increasing
acid concentration.

Another detoxification process, the biologi-
cal method, has many advantages such as being
easy to access, low cost, causes less nutritional
losses and is environmentally friendly [21]. As
biological methods, inhibition of OTA biosynthe-
sis, microbial bioadsorption and enzymatic degra-
dation of OTA are utilised [45]. The method in
question employs microorganisms and/or their
metabolites that are capable of transforming,
adsorbing or degrading OTA [21]. The fundamen-
tal mechanism of OTA degradation is hydrolysis
of the amide bond between the isocoumarin resi-
due and phenylalanine by carboxypeptidase. The
major degradation products are the amino acid
L-B-phenylalanine and OTa. It is stated that the
toxicity of L-B-phenylalanine and OTa is lower
[45]. VARGA et al. [61] reported that an atoxigenic
Aspergillus niger strain was capable of degrading
OTA in both liquid and solid media. Additionally,
the kinetics of detoxification were studied using
thin layer chromatography, high performance
liquid chromatography and an immunochemical
technique. The method was also reported to
effectively remove OTA from both liquid and
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solid media as well as to degrade its breakdown
product, OTa. PETCHKONGKAEW et al. [62] iso-
lated Bacillus licheniformis from soybeans and
demonstrated that the strain was capable of re-
moving 92.5 % of OTA after 48 h at 37 °C. Ro-
DRIGUEZ et al. [63] reported that Brevibacterium
spp. were capable of completely degrading OTA
even at a concentration as high as 40 mgl-l. In
their study, WEI et al. [64] reported that Crypto-
coccus podzolicus Y3 eliminated 100 % of OTA
(1 wg'mll) in a culture medium within 5 days and
by intracellular substances in the grape juice me-
dium within 3 days.

A number of studies demonstrated that physical,
chemical and biological detoxification processes
can have a significant effect on OTA in a variety
of food products. However, the application of the
detoxification processes resulted in the retention
of levels of OTA as well as in the loss of certain
essential nutrients in food products. One significant
drawback of certain detoxification techniques is
their high cost of implementation. Consequently, it
is postulated that the detoxification process applied
to foods should be conducted in a manner that pre-
serves the existing food composition and does not
result in the formation of any chemical residue.
In the time of preparing this review, no studies on
detoxification of hazelnuts and products contain-
ing them for OTA were available. This could be an
inspiration for future research, with studies to be
carried out in this context.

Analytical methods, limitations
and detection amounts

The growing concern about food safety in
recent years has prompted the development of
various methodologies for the detection of myco-
toxins. As it is not feasible to eradicate these natu-
rally occurring mycotoxins entirely, internationally
agreed maximum acceptable levels have been
established for the most prevalent and toxic mem-
bers of this group. For OTA, European Union,
Egypt, China, Gulf Cooperation Council, Kenya,
Nigeria, Russia, India, Brazil and Uruguay values
between 2 ugkgl and 50 ug-kg! in cereals, dried
fruits, coffee, cocoa, wine, beer, grape juice, spices,
licorice and blood products are applied [65]. While
there are limits for OTA in various foods, there is
no limit for hazelnuts alone. However, China has
set legal limits of 5 pg'kg! for nuts and seeds,
while Turkey has set legal limits of 3 ugkg! for
“other products” containing oilseeds, nuts and/or
dried fruits [21, 66].

In the literature, there are many studies using
different devices and methods to determine my-
cotoxin contents in various hazelnut products and
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foods [11, 34, 67-70]. It is seen that OTA is de-
tected in many food products and various methods
are used to determine it [34, 70-73]. However, it
was shown in studies that high performance liq-
uid chromatography (HPLC) is generally used
to determine OTA levels in hazelnut samples.
Additionally, there are very few studies in the
literature that determine the OTA content of ha-
zelnuts. OTA contents determined in the studies
are summarized below.

In his study on the presence of aflatoxins and
OTA in chocolate products consumed in Tur-
key, KABAK [71] determined the OTA contents of
samples containing hazelnuts and various nuts to
be between 0.18 wg-kg! and 0.75 ug-kgl. Analysis
of mycotoxins was carried out using HPLC with
fluorescence detection (FLD).

Using liquid chromatography mass spectro-
metry (LC-MS/MS), ErR DEMIRHAN and
DEMIRHAN [39] reported that the OTA con-
tents of hazelnut paste samples ranged between
0.01 ugkegl and 0.94 wgkgl In a study pub-
lished in 2023, CALDERON et al. [74] reported
that OTA was not detected in hazelnut samples
analysed over years. The analysis was conducted
using HPLC-FLD. UGUR et al. [73] reported that
the OTA contents of shelled, raw and roasted
hazelnut samples ranged between 0 ugkgl and
0.1111 pgkgl. The study used dried fruits and
nuts as materials. The determination of OTA
content was conducted using HPLC. KuLaHI and
KaBak [75] reported in their study using HPLC
on various food materials that the OTA contents
of hazelnut samples ranged between 0.167 ug-kg!
and 0.636 ug-kgl.

CONCLUSION

From the past to the present, hazelnuts have
been the subject of interest due to their nutrional
profile and to the presence of various biologically
active ingredients, including lipids and fatty acids,
proteins, polyphenols, flavonoids and various bio-
active compounds. Hazelnuts have a significant
potential to improve human health and combat
various diseases, including cardiovascular disease,
diabetes and cancer. Nevertheless, hazelnuts,
which are widely produced and consumed, are also
susceptible to the formation of mycotoxins. Myco-
toxins are fungal toxins that present a significant
risk to human and animal health. The existence
and prevalence of hundreds of mycotoxins have
attracted the attention of numerous researchers.
In the classifications made by numerous
researchers, OTA has been identified as one of the

most toxic mycotoxins. The number of studies on
OTA is considerable, given that it is present in nu-
merous food and feed products, has a wide range
of toxic effects and is linked to numerous diseases.
It appears that the number of studies investigating
the OTA content in hazelnuts and their deriva-
tives is relatively limited. Furthermore, it has been
established that additional studies are required to
investigate detoxification of hazelnuts and their
products cultivated in numerous countries world-
wide.
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