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Abstract

Citrinin (CIT) is a mycotoxin responsible
for the contamination of many agricultural
products, like wheat, barley, corn, rice and
their products, as also other foodstuffs
and feedstuffs used in human and animal
nutrition. It is essentially produced by
Penicillium citrinum, although it can also be
biosynthesised from Penicillium expansum and
Penicillium verrucosum and some species of
Aspergillus and Monascus. However, several
studies have shown that CIT is known for
its genotoxic, hepatotoxic, fetotoxic and
teratogenic properties. The aim of this
study is to investigate the occurrence of CIT
in wheat grain cultivated in Kosovo and
Albania. Given the fact that wheat flour is
the most consumed product in Kosovo and
Albania, it is necessary to analyse the CIT
in wheat in these two countries. In total, 60
wheat samples were tested from Fusha e
Kosovés (Kosovo), Myzeqeja (Albania) and
Fusha e Maligit (Albania), as places with

the highest wheat production. The enzyme-
linked immunosorbent assay (ELISA) method
was used to determine CIT concentrations.
To identify moulds representing potential
producers of CIT, traditional macroscopic and
microscopic methods and the molecular PCR
method of identification were implemented.
CIT was detected in 96.6% and 86.6% of
wheat grain samples collected in Kosovo and
Albania, respectively. The maximum amount
of CIT detected in wheat grain was 53.12 pg/
kg in Kosovo, and 45.74 ug/kg in Albania. The
amount of CIT found in wheat grain is not
comparable with the maximal limits (MLs),
as the European legislation does not provide
limits for this mycotoxin. However, since there
is generally a lack of data about CIT in cereals
in Kosovo and Albania, the results can serve
as an indicator of wheat grain contamination
in this part of the Balkan Peninsula.
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Introduction

Mycotoxins are a group of secondary
metabolites produced by different fungi
that can contaminate human food and
animal feed (Kalayu et al., 2017). Citrinin
(CIT) is a mycotoxin essentially produced
by Penicillium citrinum, although it can
also be biosynthesized from Penicillium
expansum and  Penicillium  verrucosum
and some species of Aspergillus and
Monascus (Li et al., 2003). Several studies
have shown that CIT is known for its
genotoxic, hepatotoxic, fetotoxic and
teratogenic properties (Liu et al., 2003;
Amalaradjou and Venkitanarayanan,
2008; Flajs and Peraica, 2009; Qingqing et
al., 2010). In addition, the most important
toxic property of this mycotoxin is
nephrotoxicity (Iwahashi et al., 2007).
Toxicity studies have shown that this
secondary metabolite is involved as a
causative agent in Balkan nephropathy
endemicity (BEN) and is associated
with a higher frequency of urinary
tract tumours (Cosyns, 2003; Fuchs and
Peraica, 2005). In 1986, CIT was classified
within the third group as a possible
human carcinogen by the International
Agency for Research on Cancer (IARC,
1986). Studies, especially in Belgium and
Germany, have shown that CIT or its
metabolite, dihydrocytrinone was found
in almost 90% of human urine tests,
which could result in chronic exposure
of the human body to this mycotoxin
(Kiebooms et al., 2016).

In terms of food safety, CIT has
been found to be responsible for the
contamination of certain agricultural
products, such as wheat, barley, corn
and rice and their products (Pleadin et
al., 2016, 2018). In addition, CIT is found
in other foods besides cereals, which are
used in animal nutrition (Bragulat et al.,
2008). There are few available studies
worldwide regarding CIT levels in
cereals. Devegowda et al. (1998) reported
that approximately 25% of the cereals

consumed worldwide are contaminated
with the CIT mycotoxin. In general,
the extent of contamination is expected
to be higher especially when climatic
conditions are favourable for mycotoxin
contamination. The European Food Safety
Authority (EFSA) Panel on Contaminants
in the Food Chain (CONTAM) concluded
in 2012 that CIT in food and feed presents
a possible risk to human and animal health
(EFSA, 2012). The need to collect further
data on the presence of CIT in food in
Europe was emphasized, in order to assess
the risk from CIT. Therefore, in 2015, EFSA
issued a call for proposals on research
on citrine in cereals and cereal-based
products from different geographical
regions in Europe. It is important to point
out that the European Union has not yet
prescribed a maximal limit (ML) of CIT in
food for humans and animals.

Kosovo and Albania are countries that
have favourable climaticand geographical
conditions for the growth of toxigenic
fungi and the production of mycotoxins
(Camaj et al.,, 2018). The population of
Kosovo and Albania consume large
amounts of cereals and cereal-based
foods. Indeed, large quantities of
commercialised cereals in Kosovo and
Albania have been imported and we
have no information on their possible
contamination with the CIT mycotoxin.
Therefore, the aim of this study was
to determine CIT levels in wheat grain
produced in the main cultivation areas
in Kosovo and Albania, and to identify
moulds as potential producers of this
mycotoxin.

Materials and Methods
Sampling and sample preparation

During 2021, a total of 60 wheat grain
samples were collected in Kosovo (n =
30) and Albania (n = 30). Wheat grain

E
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Pojavnost citrinina u zrnju pSenice uzgojenoj na Kosovu i u Albaniji tijekom 2021. godine

of the 2021 genus were sampled from
agricultural fields situated in Fusha e
Kosovés (Kosovo), Fusha e Myzeqesé
(Albania) and Fusha e Maliqit (Albania)
(Figure 1). In Kosovo, wheat was
taken directly to the mills, as farmers
immediately send the entire harvest of
wheat to the mills. There are 30-40 mills in
the region of Fusha e Kosovés (Kosovo). In
Albania, samples are taken from farmers,
as farmers in Albania store their products
in barns used for wheat storage. Sampling

and sample preparation were performed
in line with ISO 6497:2002 (ISO 2002) and
ISO 6498:1998 (ISO 1998), respectively.

The final sample for analysis
was taken according to Commission
Regulation (EC) No 152/2009, defined as
not less than 500 g for oilseed samples.
The prepared test portions were ground
into a fine powder with a particle size of
1.0 mm using an analytical mill (Cylotec
1093, Tecator, Sweden), and then stored at
4°C until analysis.

Figure 1. Sampling sites of wheat collected in Kosovo and Albania in 2021. The position of sampling is
shown with red dots.
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Mould identification

Moulds present on the surface of
wheat grains were retrieved by surface
disinfection by immersing grains for
2 min in a chlorine solution with 0.4%
active chlorine, stirring occasionally,
then draining the chlorine and rinsing
with sterile deionised water. Up to 10
grains were transferring to 9-cm Petri
dishes containing dichloran-glycerol
agar base (DG-18, Merck, Germany). The
inoculated agar media were incubated
for seven days in darkness at 25+1 °C.
Following  this, macroscopic and
microscopic characterisation of colonies
was performed and they were identified
to the genus level. For determination to
the species level, the identified genera
were sub-cultivated on malt extract
agar (MEA, Difco International) and
Czapek yeast extract agar (CYA, Difco
International) and incubated for seven
days at 25+1 °C in darkness.

Mould isolates were determined to the
species level by defining their macroscopic
and microscopic morphological
characteristics. For the determination
of micro-morphological characteristics,
slides were prepared from the MEA
medium, using lactophenol cotton
blue (LPCB) as a mounting medium.
Slides were analysed using differential
interference contrast microscopy under oil
immersion at 1000x magnification using
an AX10 microscope (Zeiss, Germany).
All isolates were identified according
to Pitt and Hocking (2009) and Samson
et al. (2019). Molecular identification of
mould isolates was performed to verify
the results of traditional identification
methods and was carried out in full
accordance with Lesi¢ et al. (2021). The
obtained sequences were aligned using
Lasergene SeqManPro DNASTAR 13
(Madison, Wisconsin, USA). The edited
sequences were compared to those
available from the CBS-KNAW Fungal
Biodiversity Centre database (http://

www.cbs.knaw.nl) and the GeneBank
using the BLAST algorithm (http://blast.
ncbi.nlm.nih.gov/Blast.cgi).

Extraction and determination of CIT

After ginding of sample, to 5 g of
homogenised sample, 70% methanol
(12.5 mL) was added. Extraction was
performed by vigorbus 3-min shaking
on a shaker, then filtration of the extracts
through filter paper (Whatman, Black
Ribbon). The supernatants were diluted
with deionised water (1 + 1), and 50 puL
was used for the ELISA test. A Ridascreen
FAST CIT kit (Art. No. R6302) was used
to perform the ELISA assay (R-Biopharm,
Darmstadt, Germany). Each kit contains a
micro-titre plate equipped with 48 wells
coated with captured antibodies, five CIT
standard solutions (0, 15, 45, 135 and 405
ug/L), conjugate (peroxidise), an anti-
CIT antibody, the substrate/chromogen
solution (tetramethylbenzidine) and the
stop solution (1 N-sulphuric acid). All
other chemicals used for the analysis
were of analytical grade.

The ELISA test was performed using
a ChemWell autoanalyzer (Awareness
Technology Inc., Palm City, USA). The
competitive ELISA assay was performedin
line with the manufacturer’s instructions.
After adding the stop solution,
absorbances were measured at 450 nm. In
order to determine the concentration of
CIT in each sample, the results obtained
on a calibration curve were multiplied
by the corresponding sample dilution
factor. Final concentrations (ng/kg) were
calculated based on the average recovery
values obtained for each material.

Validation of the ELISA method

The limit of detection (LOD) and
the limit of quantification (LOQ) were
calculated from the mean value of
the analyses of 10 control samples
constituted of a wheat grain plus 3- and
10-fold standard deviation, respectively.
Trueness was determined using certified
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reference material for flour (CRM)
T17160QC (Food Analysis Performance
Assessment  Scheme, Fapas, Sand
Hutton, York, UK), CIT thereby being
certified in the range of 49.21-126.54
ng/kg. Recoveries were determined at
three different levels (six replicates per
concentration level per day) by spiking
the control samples with CIT standard
working solutions (500 pg/L) and used
to the end of validation dependent on the
level of fortification. In order to determine
intermediate precision, the same steps
were repeated under the same analytical
conditions on two additional occasions
within a 2-month period, using different
lots of ELISA kits and chemicals.

Data analysis

Statistical analysis was performed
using Statistica 10.0 Software (StatSoft
Inc. 1984-2011, USA), with a statistical
significance set at 95% (P=0.05).

Results and Discussion

In the Southeast European countries,
the occurrence of CIT has been linked
to Balkan endemic nephropathy (BEN)
(Pfohl-Leszkowicz etal., 2002). As data are
lacking on the presence of CIT in different
countries, the European Commission
called upon Member States to gather
reliable data on year-to-year variations
in its occurrence in order to be able to
establish the MLs of CIT in different
food and feed in the near future (EFSA,
2012). Although CIT studies in Southeast
Europe have mainly been carried out
parallel with the studies on ochratoxin
A (Pepeljnjak et al., 2008; Mili¢evi¢ et
al., 2009; Pleadin et al., 2012, 2013, 2016,
2018) and it is considered that there is a
high likelihood of co-occurrence of these
two mycotoxins, there is still a need for
further collection of data on CIT in food
and feed (Somorin et al., 2016). Hence, in,

Table 1. Identified mould species in wheat grain by country
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this study CIT levels were determined in
wheat grain sampled from agricultural
fields, farms and mills in Kosovo and
Albania, since data are lacking on the
occurrence of CIT in wheat and wheat
products in these two countries.

In order to identify moulds that are
potential producers of CIT, traditional
and molecular methods of identification
were implemented. The results of
identified species by country are shown
in Table 1.

As presented in Table 1, none of
the mould species known to be CIT
producers were isolated in the analysed
wheat samples. However, according to
the Climate Monthly Bulletin (2021) the
climate conditions for CIT producers,
growth and production of CIT (high
humidity and temperature over the range
of 15-30 °C and optimally at 30 °C) were
met. It is well known that the absence
of a mycotoxin producer does not mean
that the mycotoxin is not present in the
samples, and vice-versa, i.e., the presence
of a mycotoxin producer does not mean
that the mycotoxin is present (Perdoncini
et al., 2019; Daou et al., 2021). Absence of
a CIT producer species is due likely to the
presence of other more resistant moulds
overgrowing CIT producers in the storage
process, or the death of spores of CIT
producers in unfavourable conditions.

In this study, 17 mould species
specific for storage contamination
were isolated: 9 Aspergillus species and
8 Penicillium species. All the isolated
species prefer warm and dry conditions
and represent storage contamination of
wheat, especially teleomorph Aspergillus
species (A. montevidensis, A. proliferans,
A. chevaliery, A. pseudoglaucus, and the
Penicillium species P. brevicompactum
and P. rubens (Pitt and Hocking, 2009),
unlike CIT producer mould species.
An interesting observation obtained
during the study showed that the
mycoflora from Kosovo and Albania had
a different composition. In Albania, the
sample composition of moulds species

is characterised by higher humidity and
warmer conditions (more Penicillium
species were isolated (5) than in Kosovo
(2), and the presence of anamorph
Aspergillus  species: A. tubingesis, A.
dimorphicus, A. amoneus, A. candidus).
Conversely, in the Kosovo samples, only
teleomorph  Aspergillus species were
isolated, and Penicillium species that
prefer dry and hot conditions (Pitt and
Hocking, 2009). Thus, it clearly shows
that even small differences in climate can
affect the mycoflora compositions.

Prior to the determination of CIT in the
sampled materials, ELISA, as a quantitative
screening method, was first validated and
then applied for analyses. The validation
results are shown in Table 2.

The validation of the ELISA method
came up with amean LOD of 15 pug/kg and
amean LOQ of 20 pg/kg. The mean value
(n =6) obtained in trueness determination
equalled 91 pg/kg, which is in the range
given by the CRM manufacturer. The
mean recovery and the intermediate
precision were determined to be 83.9%
and 84.4%, respectively, with acceptable
mean coefficients of variation of 7.5% and
11.7%, respectively (Table 2). Based on the
obtained validation results, ELISA was
recognised as a method suitable for the
efficient determination of CIT in wheat
grain.

The results on the presence of CIT in
wheat grain, obtained within the frame of
this study and displayed by country are
presented in Table 3.

The mean concentration of CIT in
wheat grain produced in Kosovo was
30.98 ug/kg, while in Albania 29.44 g/
kg. Among the cereals researched by
Pleadin et al. (2016), the highest average
concentration of CIT found in Croatia
during 2014 was in wheat (92 + 83 pg/
kg). This is similar to the data recorded
in 2015 by the same author (Pleadin et al.,
2016), i.e., 99 + 102 pg/kg. The maximum
CIT concentrations established in wheat
samples in Croatia during 2014 and 2015
were 276 and 374 ug/kg, respectively

c
G
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Table 2. Validation of the ELISA method used for CIT determination in wheat grain

Level of Mean Coefficients of Intermediate
fortification recovery variation [CV] precision
(Hg/kg) (%) (%) (%)
25 80.5 7.2 83.6 12.4
50 84.3 8.4 84.5 13.1
100 86.9 6.9 85.0 9.5
Table 3. The results of CIT determination in wheat grain by country
Countr N Positives* Mean SD Min Max
y (%) (ug/kg) (pg/kg) (ug/kg) (ug/kg)
Kosovo 30 96.6 30.98 9.52 15.12 53.12
Albania 30 86.6 29.44 9.74 16.52 45.74

*Samples with CIT concentrations above the limit of detection (LOQ > 15 mg/kg].

(Pleadin et al., 2016). Just as in Croatia,
the highest mean concentrations of CIT
found in Bosnia & Herzegovina were
those determined in wheat sampled
both during 2014 (125 + 112 ug/ kg) and
during 2015 (124 + 120 ug/kg) (Pleadin et
al.,, 2016). Compared with the mean CIT
concentrations found in Croatia (92 pg/kg
in 2014 and 99 pg/kg in 2015) and Bosnia
& Herzegovina (125 pg/kg in 2014 and
124 ug/kg in 2015), in this study a smaller
quantity of CIT was observed in wheat
samples taken from mills in Kosovo
(30.98 pg/kg) and from small farmers of
Albania (29.44 pg/kg).

In the EFSA study (2012), which
included 30 samples of cereals and cereal-
based products, CIT was detected in
three samples in concentrations lower
than the LOQ of the analytical method.
The Panel on Contaminants in the Food
Chain (the CONTAM Panel) concluded
that these results do not represent a
suitable basis for the assessments of CIT
intake into the human body, since 27 of
30 analysed samples were not intended
for human consumption. In comparison

to these results, the present study found
significantly lower concentrations of CIT,
similar to the data obtained by other
studies pooled by the EFSA, showing that
the concentration of CIT in cereals may
rise up to 420 ug/kg.

During 2021, CIT was detected in
this study in 96% and 86% of wheat
grain collected in Kosovo and Albania,
respectively. These results indicate the
highest number of positive samples with
CIT compared to the results of Pleadin et
al. (2016) for samples collected in Croatia
(71%) and Bosnia and Hercegovina (66%).
According to these results, the highest
frequency and contaminated levels
reported in the scientific literature are
also those cereals samples from Russia
(Kononenko and Burkin, 2008), Romania
(Curtui et al., 1998), Bulgaria (Stoev et
al, 2010), Tunisia (Zaied et al., 2012),
Canada (Limay-Rios et al., 2017), Croatia
(Culig et al., 2017) and Germany (Meister,
2004). In their analysis of cereals (n=766),
Kononenko and Burkin (2008) detected
CIT in 4.5% of wheat samples and 3.6%
of barley samples in the concentration

VETERINARSKA STANICA 54 (1), 1-12,2023.
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range of 50-998 ug/kg, and in 1.9% of
maize samples in concentrations of 218-
953 pg/kg. Curtui et al. (1998) analysed
55 wheat and maize samples harvested
in Romania and detected CIT in only one
maize sample in a concentration of 580
ug/kg. Studies have also been carried out
on animal feed samples originating from
Romanian farms. All analysed samples
contained CIT in the concentration range
of 17-405 pg/kg, while in 25% of samples,
CIT concentrations exceeded 405 ug/kg
(Talmaciu et al., 2008).

Furthermore, in samples taken from
pigs and chickens which were originating
from Bulgarian farms during slaughtering,
indicators of nephropathy were observed
and attributed to the increased amounts
of CIT determined in the samples. In 2006,
CIT was detected in 92% of feed samples
in the average concentration of 54.7 *
27.5 ug/kg, while in 2007, 96% of samples
were CIT-positive, with a mean CIT
concentration of 120.5 + 43.3 pg/kg. In a
study in the United Kingdom on 141 cereal
samples, 48 samples were contaminated
with CIT in the highest concentration of 10
ug/kg (Scudamore and Hetmanski, 1995;
Scudamore et al., 1997). In Tunisia, 200
samples of wheat were collected during
2010 and analysed for CIT contamination;
the resulting incidence was 50%, with
contamination levels ranging between
0.1 and 170 ug/kg, with an average of 28
ug/kg (Zaied et al., 2012). CIT was also
evaluated in wheat samples (n = 37) from
the Canadian Great Lakes Region between
2011 and 2014, with levels oscillating
between <0.6 and 175.2 ug/kg (Limay-
Rios et al., 2017). In dusts of stored wheat
grains from a loamy region in central
Belgium, CIT was found at higher levels
of between 137.0 and 343.9 pg/kg (Tangni
and Pussemier, 2005). Cereals (Culig et
al., 2017) and cereal products (Meister,
2004) were also evaluated in Croatia and
Germany, respectively. The levels found in
wheat and maize from Croatia by Culig et
al. (2017) varied according to the studied
areas. In the Vukovar-Srijem region, the

levels ranged between <1 and 103 pg/
kg, with a mean level of 14.6 pg/kg, and
in Osijek-Baranja area the range was <I-
524 ug/kg, and the mean level 19.63 ug/
kg (Culig et al., 2017). In Germany, 61.1%
of the samples, including wheat samples,
were contaminated, with levels ranging
between <1-2.7 ug/kg (Meister, 2004).

CIT levels determined in the study area
(Kosovo and Albania), did not differ in a
statistically significant manner (P>0.05).
Based on the report published by the
Kosovo Agency of Statistics, KAS, (Series
2: Agriculture and Environment Statistics,
2021), it was observed that during 2021 all
forms of atmospheric precipitation were
present in Kosovo. The most significant
rainfall is in the form of rain in the valleys
and precipitation in the form of snow
in the mountains. January 2021 had the
maximum number of rainy days with 17
days in total, while August had only 4
days of rain. October 2021, the month of
wheat sampling, had 13 rainy days. 2021 in
Kosovo was a year with an average annual
rainfall of 809.10 mm, which compared
to other years had the highest annual
rainfall after 2016 (851 mm). Therefore,
2021 in Kosovo was a year with relatively
high humidity, compared to previous
years. The average temperature inside
the country fluctuated from +30 °C in
summer, to -10 °C in winter. According to
the data published by KAS, the maximum
average temperature in 2021 was in August
(31.0 °C), and the minimum average
temperature was in February (-0.7 °C). In
October 2021, the maximum temperature
was 15.3 °C and the minimum was 4.4 °C.

From the data obtained from the
Climate Monthly Bulletin (October
2021), it can be observed that the weather
during October 2021 was different from
the trends and expectations of recent
months and years in Albania. This month
had lower air temperatures relatively
lower to the norm (-0.6 °C), and more
precipitation (+6.8%), while rainy days
above the threshold marked values
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(+10.1%) against the multi-year average.
October 2021 in Albania also had 13 days
of rain, while the average rainfall for
October 2021 in Albania was 135 mm.
The maximum temperature in October
was 30 °C and the minimum was 3.8 °C.
Therefore, similar to Kosovo in terms of
air temperature and humidity, Albania
had a very warm and rainy climate in
October 2021. These relatively high
values of air temperature and humidity
may be factors in the appearance of
fungi Aspergillus and Penicillium in wheat
grain collected in Kosovo and Albania,
which are primarily responsible for the
production of mycotoxins. Therefore, the
approximate values of the air temperature
and humidity of these two countries can
be responsible for the similarity in CIT
concentrations detected in wheat grain
originating from Kosovo (30.98 ug/kg)
and Albania (29.44 ug/kg).

Conclusion

The occurrence of CIT in wheat grain
samples collected in 2021 in Kosovo
and Albania was 96.6% and 86.6%,
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Hrvatska

Citrinin (CIT) predstavlja mikotoksin za koji
je utvrdeno da je odgovoran za kontaminaciju
mnogih poljoprivrednih proizvoda poput:
pSenice, je¢ma, kukuruza, rize i njihovih
proizvoda, kao i drugih namirnica i hrane za
zivotinje, osim onih na bazi Zitarica, koje se
koriste za prehranu ljudi i hranidbu Zivotinja.
Najvise ga proizvodi Penicillium citrinum,
iako se moze biosintetizirati i iz Penicillium
expansum i Penicillium verrucosum te nekih vrsta
Aspergillus i Monascus. Medutim, istrazivanja
pokazuju da su za CIT utvrdena genotoksi¢na,
hepatotoksi¢na, fetotoksicna i teratogena
svojstva. Cilj ovoga istrazivanja je bio utvrditi
pojavnost CIT u zrnju pSenice koje se uzgaja
na Kosovu i u Albaniji. S obzirom na ¢injenicu
da je pSenitno brasno najviSe konzumirani
proizvod na Kosovu i u Albaniji, analize CIT
u zrnju pSenice u ove dvije zemlje od velikog
su znacenja. Ukupno je uzorkovano 60
uzoraka zrna pSenice na podrudju poznatom
kao Fusha e Kosovés (Kosovo), Myzeqeja
(Albanija) i Fusha e Maliqit (Albanija), koja

predstavljaju lokalitete na kojima se proizvodi
najveéa koli¢ina psenice. Za odredivanje
koncentracije CIT koriStena je imunoenzimna
metoda ELISA. Za identifikaciju plijesni koje
predstavljaju potencijalne producente CIT
primijenjena je tradicionalna makroskopska
i mikroskopska metoda te molekularna PCR
metoda identifikacije. CIT je odreden u 96,6 %
i 86,6 % uzoraka zrnja pSenice prikupljenih na
Kosovu i u Albaniji. Najveca koli¢ina CIT-a u
zrnju pSenice proizvedenom na Kosovu bila je
53,12 ug/kg, a u Albaniji 45,74 ug/kg. Koli¢ina
CIT utvrdena u pSenici ne moZe se usporediti
s najve¢om dopustenom koli¢cinom (NDK), jer
njegovarazina u europskom zakonodavstvunije
definirana. No bududi da podatci o koli¢inama
CIT u zitaricama uzgojenim na Kosovu i u
Albaniji nisu dostupni, dobiveni rezultati mogu
posluziti kao pokazatelj kontaminacije zrnja
psenice na ovom dijelu Balkanskog poluotoka.

Kljucéne rijeci: citrinin, zrnje psenice,
kontaminacija, ljudska izloZenost, Kosovo, Albanija
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