
ORIGINAL ARTICLE

Profiles of fungal metabolites including regulated mycotoxins
in individual dried Turkish figs by LC-MS/MS
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Abstract
Fungal metabolites including regulated mycotoxins were identified by a validated LC-MS/MSmethod in 180 individual Turkish
dried figs from 2017 and 2018 harvests. Hand-selected dried figs were subjectively classified based on the extent of fluorescence.
Forty-three fungal metabolites including eight EU-regulated mycotoxins were identified and quantified. Figs classified as being
uncontaminated mostly did not contain aflatoxins above 1 μg/kg. Despite being “uncontaminated” from an aflatoxin perspective,
kojic acid was present in significant quantities with a maximum level of 3750mg/kg (0.375%w/w) and tenuazonic acid was also
found (2 μg/kg to 298 mg/kg) in some figs. Notable in the screening of figs has been the presence of significant amounts of
aflatoxinM1 (AFM1) in figs also containing significant levels of aflatoxin B1 (AFB1), which is the first time that AFM1 has been
reported as naturally occurring in dried figs.
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Introduction

The production of dried figs employs some agricultural practices
with a significant risk of fungal infection of the fruit and subse-
quent mycotoxin contamination. Figs ripen and shrivel on the tree
and, after falling to the ground are collected daily, before sun-
drying for 5 days or more (Gilbert and Senyuva 2008; Desa
et al. 2019). During this period, a variety of different fungal species
not least Aspergillus flavus and Aspergillus parasiticus can infect
figs resulting in mycotoxin contamination. More than 30 years

ago, aflatoxinswere detected in a small number of individual dried
figs from Turkey with extreme heterogeneity and an association
between high aflatoxin levels in individual figs and bright
greenish-yellow fluorescence on the surface, observable under
UV light (Steiner et al. 1988). Even today, in Turkey, manual
sorting of dried figs on a conveyor belt under UV light is
employed as being the best option for identifying and removing
aflatoxin-contaminated fruit. It is generally assumed (Steiner et al.
1988; Doster and Michailides 1998) that it is metabolites other
than aflatoxins, such as kojic acid that are observed under UV
light which provide an association with aflatoxin levels. In cotton,
it has been shown that A. flavus produces kojic acid, which is then
converted to the fluorescent compound by peroxidase in the plant
(Marsh et al. 1969) which presumably also occurs in figs.

There have been a few studies focused on analyzing individ-
ual figs (Steiner et al. 1988; Şenyuva et al. 2008a) and only
recent interest in the co-occurrence of mycotoxins in figs.
Senyuva et al. (2005) reported the co-occurrence of aflatoxins
with ochratoxin A (OTA) in dried figs and Karaca and Nas
(2006) first reported patulin in aflatoxin-contaminated figs. A
significant advancement in the identification of fungal metabo-
lites has been achieved by the application of liquid
chromatography–mass spectrometry (LC-MS). Applying LC-
TOF-MS for mycotoxin analysis, about 50% of 52 individual
figs were contaminated with OTA, aflatoxins B1, B2, G1, and
G2; zearalenone, fumonisin B2 (FB2); and HT-2 toxin
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(Senyuva and Gilbert 2008). It should be noted that because of
the high degree of heterogeneity of contamination of individual
dried figs, mycotoxin levels reported in homogenized samples
should not be directly compared with levels in individual figs.

Fusarium strains from moldy fig fruit collected in Italy were
found to be capable of producing fusaric acid, beauvericin
(BEA), fumonisin B1 (FB1), FB2, and fusaproliferin (Moretti
et al. 2010). Fusarium is an agent causing endosepsis (internal
rot) in fig fruit and it is a source of widespread infection in fig
orchards in Turkey (Kosoglu et al. 2011) resulting in extensive
contamination with FB1 and FB2. Cyclopiazonic acid (CPA)
and β-nitropropionic acid (NPA) have also been found to be
produced by Aspergillus flavus isolated from dried
figs (Basegmez and Heperkan 2015). In a survey on Alternaria
toxins in various foods, all fig samples were found to
contain tenuazonic acid (TeA) at concentrations up to 1728
μg/kg (Lopez et al. 2016). Nine metabolites (AFB1, OTA,
ochratoxin-α, kojic acid, emodin, altenuene, alternariol methyl
ether, brevianamide F, and tryptophol) have been quantified at
low levels inwhite and dark figs fromCroatia (Petrić et al. 2018).

Although there is evidence of the widespread occurrence of
fungal metabolites in figs, previous surveys have in each case
focused on targeted groups of toxins. In contrast, in this paper,
for the first time, we report the profiling by LC-MS/MS for
approx. 295 mycotoxins and fungal metabolites in 160 indi-
vidual figs which had been hand-sorted into different catego-
ries including visibly moldy figs. The objective has been to
assess the effectiveness of the hand-sorting not only in terms
of levels of aflatoxins in individual figs but also whether other
mycotoxins of concern might be present, but not detected
through UV screening. Additionally, this profiling has en-
abled a more detailed study to look for any association be-
tween levels of aflatoxins and other fungal metabolites partic-
ularly those exhibiting fluorescent characteristics.

Materials and methods

Procurement of samples of dried figs

Dried figs from the Aydin region of Turkey from 2017 and
2018 harvests after drying were selected, during manual sorting
under UV light. Figs were categorized by the extent of bright
greenish-yellow fluorescence. As well as highly contaminated
figs, those classified as low or medium contamination would
normally be rejected as part of the screening process. Separated
individual figs were transported to Austria for analysis, chilled
on receipt and during storage prior to analysis.

Mycotoxin analysis

Chemicals and reagents The chemicals and reagents used for
the analysis were obtained from sources previously described

(Sulyok et al. 2020). Standards for mycotoxin analysis were
also prepared as described elsewhere (Malachova et al.
2018; Sulyok et al. 2020; Petrić et al. 2018). Briefly, 62 inter-
mediate mixes prepared from stock solutions of analyte stan-
dards were mixed into one working solution, which was used
for spiking and calibration.

Extraction Individual figs were cut and pieces immersed in
liquid nitrogen and subsequently ground with an Osterizer
blender (Sunbeam Oster Household Products, Fort
Lauderdale, FL, USA). The homogenized samples were
weighed into 50-mL Falcon tubes and acetonitrile/water/
acetic acid (79:20:1, v/v/v) was added for extraction at a ratio
of 4 mL/g sample. Extraction was performed for 90 min at
room temperature with a GFL 3017 rotary shaker set at
180 rpm (GFL, Burgwedel, Germany), and samples were
allowed to precipitate. An aliquot (0.5 mL) of the extract
was diluted with 0.5 mL of acetonitrile/water/acetic acid
(20:79:1, v/v/v) in 1.5-mL vials and 5 μL of the diluted sam-
ple extract was directly injected into the LC–MS/MS system.
Samples with levels of analytes exceeding the calibration
range were re-analyzed after the respective extract being di-
luted appropriately.

LC-MS/MS LC-MS/MSwas conducted with a Sciex QTRAP®
5500 triple quadruple MS/MS (Sciex, Foster City, CA, USA)
coupled with an Agilent 1290 binary UHPLC (Agilent
Technologies, Waldbronn, Germany). The chromatographic
conditions were strictly followed as described elsewhere
(Sulyok et al. 2020).

Quantification Calibration was based on external calibration
using standards prepared in neat solvent. The results were
corrected for apparent recoveries. Multiquant® 3.0.2 was used
for data processing.

Method performance Recoveries of the extraction step and
matrix effects and determination of the method precision and
within-laboratory reproducibility were determined by spiking
experiments (Sulyok et al. 2020). The limits of detection
(LOD) and quantification (LOQ) were determined following
the EURACHEM guide (Magnuson and Örnemark 2014). All
12 results submitted for figs within a proficiency testing pro-
gram organized by BIPEA (Genevilliers, France) were within
the satisfactory range of − 2 < z < 2 (Sulyok et al. 2020).

Results and discussion

Method performance

The method performance for 43 metabolites in terms of recov-
eries and limits of detection (LOD) are provided in supporting
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information Table S1. Within-laboratory repeatability (n = 7)
was found to range between 6.0 and 12.4% for aflatoxins in
dried figs (Sulyok et al. 2020).

Aflatoxins in figs from 2017 and 2018 harvests

A total of 180 individual figs from 2017 and 2018 harvests in
Turkey were analyzed using the LC-MS/MS method capable
of screening for a total of 700 mycotoxins and fungal metab-
olites, of which 43 different metabolites were identified.
Where standards were available with the exception of
nigragillin and aspulvinone E, all others were quantified. A
summary of the results in terms of numbers of figs containing
different metabolites and ranges of concentrations are shown
in Table 1. This overview of the data does not provide insight
into the differences in the patterns of metabolites in individual
figs, and therefore, for a detailed examination, a full set of data
for the 2017 and 2018 harvests is provided in supporting in-
formation Table S2. For simplicity, all data in this EXCEL
dataset in Table S2 has been rounded to the nearest integer and
shown as < 1 even if the actual LOD was below 1 (see
Table S1). When LODs were > 1, the results are reported as
< or > the numerical LOD. All results were corrected for the
apparent recovery obtained from spiking blank figs with a
mixture of standards.

For individual figs, the samples for 2017 were coded based
on expert manual screening under UV light with U indicating
uncontaminated, L = low contamination, M = medium con-
tamination, and I = intense fluorescence and therefore as-
sumed to be highly contaminated. All contaminated figs
showed evidence of bright greenish-yellow fluorescence on
the surface, but it was a subjective decision as to whether this
constituted L, M, or I contamination. For 2018 harvest, only
figs classified as U or I were selected for analysis. Each fig has
its own unique identification number.

From Table S2, it can be seen that all 20 individual 2017
figs which were assessed as being uncontaminated contained
no detectable aflatoxins, as was the case with 17 out of 20 figs
which were assessed as having low contamination. For these
17 figs, there was clearly some background fluorescence vi-
sually detectable, but not associated with the presence of afla-
toxins. One fig (sample L-07-17) appears to have been
misclassified as having low contamination, as it was found
to contain roughly equal levels of AFB1 and AFG1 of much
the same order of magnitude as those generally found in the
medium contamination group. Twelve out of 20 figs classified
as having a medium level of contamination were completely
uncontaminated, again indicating that visual fluorescence is
not always associated with aflatoxin contamination. Of the 20
figs that exhibited intense fluorescence, 11 figs were essen-
tially uncontaminated (levels of both AFB1 and AFG1 below

Table 1 Summary of the numbers of individual figs contaminated with different mycotoxins and the range of concentrations from both 2017 and 2018
harvest years

Mycotoxins Numbers of figs and levels in μg/kg (mg/kg for kojic acid)

2017 harvest year 2018 harvest year

< 1 > 1 Range of levels < 1 > 1 Range of levels

AFB1 49 31 1–4320 36 64 2–22300

AFG1 66 14 1–6630 37 63 1–24600

AFM1 62 18 3–427 37 53 1–2730

Aflatoxicol 66 14 1–114 79 21 2–818

BEA 50 30 1–1010 98 2 6–42

Me-ST 62 18 3–747 50 50 1–2020

NPA 45 35 4–16000 44 56 13–26300

OTA 72 8 1–11400 84 16 5–77300

OTB 74 6 2–2230 92 8 5–3100

ST 61 19 1–3910 55 45 1–135

<LOD >LOD Range of levels <LOD >LOD Range of levels

Bikaverin 65 15 4–41 96 4 5–137

CPA 67 13 38–1470 88 12 109–8880

FB1 74 6 30–1430 96 4 13–335

FB2 75 5 7–130 99 1 69

TeA 18 62 18–2940 37 63 45–299000

Kojic acid 1 79 0.061–98 0 100 0.21–3750
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6 μg/kg) again indicating that fluorescence was not exclusive-
ly an indicator of high levels of aflatoxins. Overall, from
Table S2, it can be seen that for all categories of contaminated
figs, levels of AFB1 ranged from 64 to 6220 μg/kg and levels
of AFG1 ranged from 80 to 6630 μg/kg. Eight contaminated
figs had levels of AFG1 ranging from about half of the level of
AFB1 to levels exceeding that of AFB1 (e.g., fig number I-08-
17 with AFG1 level 50% higher than AFB1). This pattern is
indicative of A. parasiticus infection whereas, for the other 12
contaminated figs, levels of AFG1 were below the LOD in
most cases, despite AFB1 levels ranging from 172 to 2980
μg/kg this pattern being indicative of A. flavus infection.

In Table S2, the results are presented for the analysis of 100
individual figs from the 2018 harvest of which 35 were clas-
sified as uncontaminated and 65 were found to have intense
fluorescence. As with the 2017 harvest, none of the 35 figs
classified as uncontaminated contained detectable aflatoxins
(there was no low or medium classification for the 2018 har-
vest). Of the 65 intensely fluorescent figs, only six (9%) had
levels of both AFB1 and AFG1 below 6 μg/kg compared with
55% of intensely fluorescent figs in the 2017 harvest although
with a smaller sample size. There is therefore a distinct differ-
ence between 2017 and 2018 in the extent of misclassification
based on fluorescence. Overall for 2018, it can be seen that for
intensely fluorescent figs, levels of AFB1 ranged from 2 to
22,300 μg/kg and levels of AFG1 ranged from 1 to 24,600 μg
kg-1. These high levels are consistent with reports of analysis
of 62 Turkish dried figs from the 1985 harvest, where 11 figs
contained AFB1 in the range 1000–10,000 μg/kg and one
sample had levels exceeding 10,000 μg/kg (Steiner et al.
1988). However, for 50 individual figs from the 2005 harvest
(Şenyuva et al. 2008a) rejected for human consumption, levels
of AFB1 and AFG1 ranged from < 0.1 to 2201 μg/kg and <
0.1 to 734 μg/kg, respectively. These year-to-year differences
are unsurprising as infection rates are influenced by a number
of factors not least climatic conditions including drought
(Bircan et al. 2008). From Table S2, it can be seen that for
the 2018 harvest, 18% of figs had high levels of AFG1 being
indicative of A. parasiticus infection, compared with 42% of
those figs exhibiting a similar pattern in 2017. Comparably
high levels of AFG1 in individual figs were also reported in a
1985 survey (Steiner et al. 1988).

One of the really surprising findings (see Table 1) has been
the presence of AFM1 at levels ranging from 1 to 2730 μg/kg
and levels of aflatoxicol ranging from 2 to 818 μg/kg. AFM1
is well-recognized as a hydroxylated metabolite of AFB1 ex-
creted in milk and urine after the ingestion of AFB1 contam-
inated feed or food by animals or humans (Ketney et al. 2017;
Frazzoli et al. 2016). However, these two metabolites are not
commonly reported to be found in crops naturally contaminat-
ed with AFB1, such as cereals, nuts, and dried fruit and are
reported here for the first time as being present in dried figs.
As a proportion of AFB1, levels of AFM1 ranged from 1.7 to

9.8% for the 2017 harvest, whereas a significantly higher pro-
portion of AFM1 was found in 2018 ranging up to 36% (e.g.,
fig number I-24-18). It has been suggested that most strong
fungal AFB1 producers produce AFM1 as well at a ratio of
approx. 1:100 (Jens Frisvad, personal communication) and
also it is relevant that under culture condition, several fungi
including non-toxigenic A flavus are capable of hydroxylation
of AFB1 to AFM1 (Nakazato et al. 1990, 1991).

Mycotoxins and metabolites other than aflatoxins

Table 1 shows the results for some selected mycotoxins found
in individual figs from the 2017 and 2018 harvests for which a
full data set can be found in supporting information Table S2.
In addition to aflatoxins, these twelve other metabolites have
been selected in terms of having been reported more widely in
other matrices and were also found to be present in multiple
figs in different categories.

3-Nitropropionic acid (NPA) originally reported to be pro-
duced by a strain of A. flavus (Bush et al. 1951) was found in
43% of 2017 harvest figs at levels ranging from 4 to 16,000
μg/kg and in 70% of the 2018 harvest ranging from 13 to
26,300 μg/kg. NPA has previously been produced under cul-
ture conditions from A. flavus species isolated from dried figs
(Basegmez and Heperkan 2015), but has not been reported as
occurring in figs themselves. In all cases, NPAwas detected in
figs which showed fluorescence (medium or intense) in some
cases also associated with high AFB1 levels, but also in figs
where no aflatoxins were present (e.g., figs from 2017 harvest
containing 988 μg/kg, 9500μg/kg, and 16,000μg/kg of NPA,
but containing < 1 to 2 μg/kg of AFB1). This demonstrates a
clear advantage in categorizing fluorescent figs as unsuitable
for human consumption even if AFB1 is absent, as NPA is a
mycotoxin that has been confirmed to pose a health risk to
humans, potentially causing central nervous system dysfunc-
tion and brain damage albeit not regulated (Matumba et al.
2017).

The presence of sterigmatocystin (ST) and O-methyl
sterigmatocystin (Me-ST) which are both mycotoxins which
are found as metabolic intermediates of aflatoxins (Sweeney
and Dobson 1999) is unsurprising. ST was found in 23% of
figs from the 2017 harvest at levels ranging from 1 to 3910
μg/kg and Me-ST in 35% of figs at levels ranging from 3 to
747 μg/kg. For the 2018 harvest, ST was found in 45% of figs
at levels ranging from 1 to 135 μg/kg and Me-ST in 48% of
figs at levels ranging from 1 to 2020 μg/kg. In all figs where
ST or Me-ST was present, as expected, various levels of
AFB1 were also found, with the exception of one intensely
fluorescent fig (I-03-17) containing 3910 μg/kg of ST, but
only 1 μg/kg of AFB1. MeST has previously been reported
as occurring in dried figs (Senyuva et al. 2008b), but to our
knowledge, this is the first report of the natural occurrence of
ST which is otherwise commonly found in cereals and derived
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products as well as cheese. ST has been classified as a group
2B possible human carcinogen (IARC 1987), so there is ob-
vious concern about its presence in food and feed.

Ochratoxin A (OTA) was only found in 8 of the 80 dried
fig samples from the 2017 harvest, at low μg/kg levels in two
samples but at 59 μg/kg, 72 μg/kg, 9150 μg/kg, and 11,400
μg/kg in the other samples. Similarly, OTAwas only found in
16% of the dried fig samples from the 2018 harvest at levels
ranging from 5 to 77,300 μg/kg. For 2017 harvest figs, in
OTA-positive samples, OTB and OT-α were also detected
at 5–44% and 1–4% of OTA levels respectively. All OTA-
contaminated figs were found in the low or medium category
of fluorescence in 2017, but none of the six figs contained
detectable aflatoxin B1. The natural occurrence of OTA in
dried figs has previously been reported (Heperkan et al.
2012; Di Sanzo et al. 2018; Senyuva et al. 2005; Senyuva
and Gilbert 2008). Although OTA is not regulated in the EU
in dried figs, a maximum limit of 10 μg/kg applies to dried
vine fruit (EC 2006b) and therefore, by extrapolation, levels of
OTA from 59 to 11,400 μg/kg are clearly unacceptable, not-
withstanding the dilution implicit in application of the appro-
priate sampling plan (EC 2006a). Again as was the case with
NPA, despite the absence of aflatoxin contamination, the re-
moval of figs showing fluorescence leads to discarding of
OTA contaminated figs with the fluorescence being indicative
of mold activity rather than specifically of the presence of
aflatoxins.

Tenuazonic acid (TeA) was found in 79% of the 2017
dried figs, and in 78% of the 2018 dried figs contaminated
overall at levels from 18 to 299,000 μg/kg with a higher
proportion of figs with more significant levels of TeA in
2018 than in 2017. Additionally, some other Alternaria
metabolites were detected albeit at a low incidence and
relatively low levels. Recently, TeA has been reported in
100% of 14 samples of dried figs (Lopez et al. 2016) at
levels of 41–1730 μg/kg, although in tomatoes and tomato
products, TeA is more widely recognized as being a sig-
nificant mycotoxin contaminant.

Fumonisin B1 (FB1) was only found in 6 out of 80 indi-
vidual figs in 2017 and in 4 out of 100 individual figs in 2018
crop at overall levels for the two years ranging from 13 to
1430 μg/kg. Generally, there was co-occurrence of FB2,
FB3, and in some cases FB4. FB1 has previously been report-
ed in dried figs (Kosoglu et al. 2011; Heperkan et al. 2012) as
has FB2 (Senyuva and Gilbert 2008). In comparison with say
corn which is susceptible to fumonisin contamination, the
amounts found in dried figs are less significant. Fusarium is
known to be responsible for causing endosepsis (internal rot)
in fig fruits in Turkey (Kosoglu et al. 2011) and Italy (Moretti
et al. 2010). Therefore, fumonisins can be regarded as pre-
harvest contaminants of figs and while co-occurrence with
aflatoxins and other mycotoxins might occur, it is
not inevitable. In the EU, the maximum limit for fumonisins

(FB1 + FB2) is 1000 μg/kg in maize intended for direct hu-
man consumption (EC 2006b).

Beauvericin (BEA) was found in 36% of the 2017 figs but
only in 2% of the 2018 figs BEA is one of the so-called
emerging Fusarium mycotoxins (Jajic et al. 2019) which has
been reported predominantly as occurring in cereals and was
previously found in dried figs (Di Sanzo et al. 2018). As an
example of one of the more obscure fungal metabolites, levels
of bikaverin were found in 19% of figs from 2017 but in only
3% figs from 2018. Bikaverin is a reddish pigment produced
by different fungal species, most of them from the genus
Fusarium (Limón et al. 2010) and has not been previously
reported in dried figs although probably not specifically
sought.

Kojic acid is notable with respect to the large quantities that
have been found in dried figs with increasing levels consistent
with the extent of fungal contamination. Kojic acid is an or-
ganic acid and is a secondary metabolite produced by several
species of Aspergillus such as A. oryzae, A. tamarri,
A. parasiticus, and A. flavus (Rosfarizan et al. 2010). The
quantification of kojic acid eluting as a broad peak early in
the ion chromatogram was achieved in LC-MS/MS although
the sensitivity was poor (LOD = 20 μg/kg) but amounts pres-
ent were very high. Kojic acid was detected in all individual
figs with levels of a few hundred μg/kg in figs categorized
as being uncontaminated or with low contamination
through to intensely fluorescent figs having substantial
levels with a maximum of 3750 mg/kg in one fig (number
I-71-18) equating to 0.375% kojic acid by weight. The full
data set for levels of kojic acid can be found in Table S2.
The bright greenish-yellow fluorescence on the surface of
dried has been suggested to be due both to kojic acid and to
a fluorescent compound produced by peroxidase in the
plant (Doster and Michailides 1998; Hruska et al. 2014).
Therefore, fungi other than those which are aflatoxigenic
which produce kojic acid may also show fluorescence. The
fact that fluorescence is not exclusively correlated with
aflatoxins has the benefit from a food safety perspective
that figs which do not contain significant aflatoxin B1, but
do contain other toxins such as NPA, OTA, or TeA, would
nevertheless still be rejected after hand-sorting under UV
light.

Nigragillin, previously found to be produced by fungal
cultures isolated from dried figs (Senyuva and Gilbert 2008),
is worthy of comment as a metabolite produced byAspergillus
niger which appears to be present in significant quantities in
nearly all dried figs even in the uncontaminated category.
Although no analytical standard was available for nigragillin,
even without a standard for quantification, the very large peak
areas are evidence of substantial amounts of this metabolite
being present. Nigragillin has insecticidal activity (Isogai et al.
1975) and is therefore of interest in terms of overall profiling
of fungal metabolites in dried figs.
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Although there are many other publications reporting the
occurrence of mycotoxins in dried figs, they mostly have un-
dertaken target analysis for a limited number of mycotoxins
and not therefore looked at the overall picture including the
presence of other metabolites such as kojic acid. The results
we report confirm the effectiveness of screening figs under
UV light to remove those showing bright greenish-yellow
fluorescence on the surface which mostly contain aflatoxins.
However, the results also show that there are certain figs,
which do not contain detectable aflatoxins, but nevertheless
do contain other mycotoxins at significant levels. The screen-
ing therefore has the added benefit of identifying and remov-
ing from the food chain, those figs containing NPA, OTA,
fumonisins, and TeA in addition to those containing AFB1.

Acknowledgments We gratefully acknowledge the support of Taris Fig
Union who supplied all the dried figs for this project after careful selec-
tion and sorting of individual figs under UV light.

Funding information Open access funding provided by University of
Natural Resources and Life Sciences Vienna (BOKU). This work report-
ed here was undertaken as part of the MyToolBox project funded from
the European Union’s Horizon 2020 research and innovation program
under grant agreement No. 678012.

Abbreviations AFB1, aflatoxin B1; AFG1, aflatoxin G1; AFM1, afla-
toxin M1; BEA, beauvericin; EU, European Union; FA, fusaric acid;
FB1, fumonisin B1; FB2, fumonisin B2; LC-MS/MS, combined liquid
chromatography-tandem mass spectrometry; LC-TOF-MS, combined
liquid chromatography-time-of-flight mass spectrometry; Me-ST, O-
methyl sterigmatocystin; NPA, 3-nitropropionic acid; OTA, ochratoxin
A; ST, sterigmatocystin; TeA, tenuzonic acid

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes weremade. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Basegmez HIO, Heperkan D (2015) Aflatoxin, cyclopiazonic acid and
beta-nitropropionic acid production by Aspergillus section Flavi
from dried figs grown in Turkey. Qual Assur Saf Crops Foods 7:
477–485

Bircan C, Barringer SA, Ulken U, Pehlivan R (2008) Increased aflatoxin
contamination of dried figs in a drought year. Food Addit Contam.
25:1400–1408

Bush MT, Touster O, Brockman JE (1951) The production of β-
nitropropionic acid by a strain of Aspergillus flavus. J Biol Chem
188:685–693

Desa WNM, Mohammad M, Fudholi A (2019) Review of drying tech-
nology of fig. Trends Food Sci Technol 88:93–100

Di Sanzo R, Carabetta S, Campone SL, Bonavita S, Iaria D, Fuda S,
Rastrelli L, Russo M (2018) Assessment of mycotoxins co-
occurrence in Italian dried figs and in dried figs-based products. J
Food Safety 38:e12536

Doster MA, Michailides TJ (1998) Production of bright greenish yellow
fluorescence in figs infected by aspergillus species in california or-
chards. Plant Dis 82:669–673

EC- European Commission (2006a) Commission Regulation (EC) No
401/2006 of 23 February 2006 laying down the methods of sam-
pling and analysis for the official control of the levels of mycotoxins
in foodstuffs. Off J Eur Union, L70/12–34

EC-European Commission (2006b) Commission Regulation (EC) No
1881/2006 of 19 December 2006 settingmaximum levels for certain
contaminants in foodstuffs. Off J Eur Union, L364/5–24

Frazzoli C, Gherardi P, Saxena N, Belluzzi G, Mantovani A (2016) The
hotspot for (global) one health in primary food production: aflatoxin
M1 in dairy products. Front Public Health 4:294 1-11

Gilbert J, Senyuva H (2008) Fungal and mycotoxin contamination of
dried figs – a review. Mycotoxins 58:73–82

Heperkan D, Karbancioglu Güler F, Oktay HI (2012) Mycoflora and
natural occurrence of aflatoxin, cyclopiazonic acid, fumonisin and
ochratoxin A in dried figs. Food Addit Contam Part A 29:277–286

Hruska Z, Yao H, Kincaid R, Brown R, Cleveland T, Bhatnagar D (2014)
Fluorescence excitation–emission features of aflatoxin and related
secondary metabolites and their application for rapid detection of
mycotoxins. Food Bioprocess Technol 7:1195–1201

IARC- International Agency for Research on Cancer (1987)Monographs
on the evaluation of the carcinogenic risks to humans. Overall eval-
uations of carcinogenicity: an updating of IARCMonographs 1987,
1 -42, Suppl 7, 449 pp

Isogai A, Horii T, Suzuki A, Murakoshi S, Ikeda K, Sato S, Saburo
Tamura S (1975) Isolation and identification of nigragillin as a in-
secticidal. metabolite produced by Aspergillus niger. Agric Biol
Chem 39:739–740

Jajic I, Dudaš T, Saša Krstovic S, Krska R, Sulyok M, Bagi F, Zagorka
Savic Z, Darko Guljaš D, Stankov A (2019) Emerging Fusarium
mycotoxins fusaproliferin, beauvericin, enniatins, and moniliformin
in Serbian maize. Toxins 11:357. https://doi.org/10.3390/
toxins11060357

Karaca H, Nas S (2006) Aflatoxins, patulin and ergosterol contents of
dried figs in Turkey, Food Addit. Contam. 23:502–508

Ketney O, Santini A, Oancea S (2017) Recent aflatoxin survey data in
milk and milk products: A review. Int J Dairy Technol 70:320–331

Kosoglu I, Aksoy U, Pehlivan R (2011) Fumonisin B1 and B2 occurrence
in dried fig fruits (Ficus carica L.) under Meander Valley’s climatic
conditions and relationship with fruit quality. Food Addit Contam
Part A 28:569–1577

Limón MC, Rodríguez-Ortiz R, Avalos J (2010) Bikaverin production
and applications. Appl Microbiol Biotechnol 87:21–29

Lopez P, Venema D, Mol H, Spanjer M, de Stoppelaar J, Pfeiffer E, De
Nijs M (2016) Alternaria toxins and conjugates in selected foods in
the Netherlands. Food Control 69:153–159

Magnuson B, Örnemark U (2014) Eurachem guide: the fitness for pur-
pose of Eurachem. https://doi.org/10.1016/S0014-2999(99)00500-2

Malachová A, StránskáM, VáclavíkováM, Elliott CT, Black C,Meneely
J, Hajšlová J, Ezekiel CN, Schuhmacher R, Krska R (2018)
Advanced LC–MS-based methods to study the co-occurrence and
metabolization of multiple mycotoxins in cereals and cereal-based
food. Anal Bioanal Chem 410:801–825

Marsh PB, Simpson ME, Ferretti RJ, Merola GV, Donoso J, Craig GO,
Trucksess MW, Work PS (1969) Mechanism of formation of a
fluorescence in cotton fiber associated with aflatoxins in the seeds
at harvest. J Agric Food Chem 17:468–472

386 Mycotoxin Res (2020) 36:381–387

https://doi.org/
https://doi.org/10.3390/toxins11060357
https://doi.org/10.3390/toxins11060357
https://doi.org/10.1016/S0014-2999(99)00500-2


Matumba L, Van Poucke C, Njumbe Ediage De Saeger S (2017) Keeping
mycotoxins away from the food: does the existence of regulations
have any impact in Africa? Crit Rev Food Sci Nutr 57:1584–1592

Moretti A, Ferracane L, Somma S, Ricci V, Mulè G, Susca A, Ritieni A,
Logrieco AF (2010) Identification, mycotoxin risk and pathogenic-
ity of Fusarium species associated with fig endosepsis in Apulia,
Italy. Food Addit Contam. 27:718–728

Nakazato M, Morozumi S, Saito K, Fujinuma K, Nishima T, Kasai N
(1990) Interconversion of aflatoxin B1 and aflatoxicol by several
fungi. Appl Environ Microbiol 56:1465–1470

Nakazato M, Morozumi S, Saito K, Fujinuma K, Nishima T, Kasai N
(1991) Production of aflatoxins and aflatoxicols by Aspergillus
flavus and Aspergillus parasiticus and metabolism of aflatoxin B1

by aflatoxin-non-producing Aspergillus flavus. Eisei Kagaku-Jpn J
Toxicol Envirom Health 37:107–116

Petrić J, Šarkanj B, Mujić I, Mujić A, Sulyok M, Krska R, Šubarić D,
Jokić S (2018) Effect of pretreatments on mycotoxin profiles and
levels in dried figs. Arh Hig Rada Toksikol 69:328–333

Rosfarizan M, MohamedMS, Nurashikin S, Saleh MM, Ariff AB (2010)
Kojic acid: Applications and development of fermentation for pro-
duction. Biotechnol Mol Biol 5:24–37

Senyuva HZ, Gilbert J (2008) Identification of fumonisin B2, HT-2 toxin,
patulin, and zearalenone in dried figs by liquid chromatography-
time-of-flight mass spectrometry and liquid chromatography-mass
spectrometry. J Food Protect 71:1500–1504

Senyuva HJ, Gilbert J, Ozcan S, Ulken U (2005) Survey for co-
occurrence of ochratoxin A and aflatoxin B1 in dried figs in
Turkey by using a single laboratory-validated alkaline extraction
method for ochratoxin A. J Food Prot 2005:68,1512–68,1515

Şenyuva HZ, Gilbert J, Samson R, Özcan S, Öztürkoglu Ş, Önal D
(2008a) Occurrence of fungi and their mycotoxins in individual
Turkish dried figs. World Mycotoxin J 1:79–86

Senyuva HZ, Gilbert J, Ozturkoglu S (2008b) Rapid analysis of fungal
cultures and dried figs for secondary metabolites by LC/TOF-MS.
Anal Chim Acta 617:97–106

Steiner WE, Rieker RH, Battaglia R (1988) Aflatoxin contamination in
dried figs: distribution and association with fluorescence. J Agric
Food Chem 36:88–91

SulyokM, Stadler D, Steiner D, Krska R (2020) Validation of an LC-MS/
MS based dilute-and-shoot approach for the quantification of >500
mycotoxins and other secondary metabolites in food crops: chal-
lenges and solutions. Anal Bioanal Chem 412:2607–2620

Sweeney MJ, Dobson ADW (1999) Molecular biology of mycotoxin
biosynthesis. FEMS Microbiol Lett 175:149–163

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

387Mycotoxin Res (2020) 36:381–387


	Profiles of fungal metabolites including regulated mycotoxins in individual dried Turkish figs by LC-MS/MS
	Abstract
	Introduction
	Materials and methods
	Procurement of samples of dried figs
	Mycotoxin analysis

	Results and discussion
	Method performance
	Aflatoxins in figs from 2017 and 2018 harvests
	Mycotoxins and metabolites other than aflatoxins

	References


