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ABSTRACT: Maize is considered one of the most susceptible crops to mycotoxins
worldwide. Compared to other mycotoxins, the greatest attention has been paid to aflatoxins,
due to their potential carcinogenicity and due to significant and longstanding problems they
can cause in humans and animals. 4. flavus and 4. parasiticus produce aflatoxins in many
economically significant crops in both fields and storages. Because of the potential aflatoxin
contamination of maize grain, the toxigenic potential of A. flavus and A. parasiticus isolates,
originating from Serbia, was tested in the present study. Furthermore, various applied methods
for detection of these mycotoxins were compared in the study. Cultural, serological and analyti-
cal methods for the detection of mycotoxins were compared in the course of the experiment by
the direct extraction of aflatoxins from the nutrient medium. The cultural methods for the
detection of aflatoxin production were applied to 20 isolates of A. flavus (MRIZP Af18-20)
and 4. parasiticus (MRIZP Apl-17). These methods are based on the yellow pigment forma-
tion in mycelia and nutrition media, occurrence of fluorescence on PDA (potato dextrose agar),
agar containing -cyclodextrine (CD-PDA), as well as on the red pigment formation after
adding ammonium hydroxide to the existing medium. The ELISA was used to check quan-
titative and qualitative analyses of total aflatoxins (B1, B2, G1, G2) while the HPLC method
was applied to establish ability of isolates to synthesize aflatoxins B1, B2, G1, G2. The yellow
pigment formation, fluorescence and colony color changes of isolates into red, as a proof of
toxigenicity of isolates, were confirmed in all cases by ELISA. A high potential of total
aflatoxin production was determined in the majority of observed isolates. The ability of
A. parasiticus isolates to synthesize aflatoxins G1 and G2 was confirmed by the HPLC meth-
od. This was essential for a better understanding of the key role of the suitability of cultural
methods for preliminary evaluation of a large number of isolates. Our goal was to employ
rapid biochemical approaches to prevent aflatoxin contamination of crops, and to reduce
human and animal exposure to foodborne mycotoxins.
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INTRODUCTION

The majority of aflatoxins producing fungi are members of the genus
Aspergillus classified into the section Flavi (Frisvad et al. 2004). These fungi
are often isolated from warm-humid areas. Among 22 closely related species
in Aspergillus section Flavi, Aspergillus flavus and A. parasiticus are com-
monly encountered in a variety of agricultural products. The two species are
responsible for the majority of aflatoxin contaminations, but 4. flavus is the
most common one (Varga et al. 2011).

Numerous studies have shown that the mycotoxigenic potential and profile
of A. flavus is far more variable, with some isolates producing little or no
aflatoxins. A. parasiticus typically produces more consistent and higher con-
centrations of aflatoxins. Razzaghi-Abyaneh et al. (2006) reported 100%, i.e.
27.5% of aflatoxigenic A. parasiticus, i.e. aflatoxigenic A. flavus strains, respec-
tively. Similarly, Rodrigues et al. (2009) detected 77% of atoxigenic isolates in
A. flavus, while all A. parasiticus isolates were found to be aflatoxigenic. A. flavus
typically produces AFB and can be most frequently isolated from the above-
ground plant parts (leaves, flowers), while 4. parasiticus produces AFG1 and
AFG2, as well as AFB1 and AFB2 and is more adapted to soil environments
(EFSA, 2007). Due to their high toxicity and carcinogenic potential, they are
of high concern for the safety of food worldwide (Ellis ez al. 1991).

There are many highly specialised and sensitive methods that can be ap-
plied to the determination of the aflatoxin concentration in commodities or in
cultures, such as high-performance liquid chromatography (HPLC), enzyme-
linked immunosorbent assay (ELISA), thin-layer chromatography (TLC), and
fluorescence polarisation assay (Seitz, 1975; Trucksess et al. 1994; Whitaker
et al. 1996; Maragos and Thompson, 1999; Stroka and Anklam, 2000; Nasir
and Jolley, 2002; Sobolev and Dorner, 2002; Abbas et al. 2004). These methods
are usually expensive and time-consuming. Commercially available ELISA
kits provide a relatively simple assay for quantification of the total aflatoxin
concentration, but do not provide the identification of individual aflatoxins
present in the sample (Abbas et al. 2004).

Considering the significance of the problems caused by aflatoxins, simple,
rapid, and reliable cultivation methods were necessary to determine aflatoxins
tested in this study. Several screening methods have been developed for the
direct visual determination. Aflatoxin production by Aspergillus isolates can
be visualised under long-wave UV light (365 nm) when grown on media suit-
able for aflatoxin production, such as potato dextrose agar and coconut agar
(Gupta and Gopal, 2002). The fluorescence emission of AFB1 and AFGI is
substantially improved when treated with enhancer agents, such as cyclodex-
trins (CDs). Fente et al. (2001) showed that adding 3-CD to a suitable agar
medium enhanced detection of aflatoxin production by A. flavus and 4. para-
siticus in the blue fluorescent zone under 365 nm. A second cultural method
involves yellow pigment production by A. flavus colonies that correlates with
aflatoxin production (Lin and Dianese, 1976). Aflatoxin production can be
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detected with ammonia vapour as it changes the colour of toxigenic colonies
from yellow to pink upon exposure (Saito and Machida, 1999).

The major objective of this study was to screen aflatoxin producing fun-
gi in the maize samples based on the different cultural methods and to compare
them with analytical methods. Because of the potential aflatoxin contamination
of maize grain, the toxigenic potential of A. flavus and A. parasiticus isolates,
originating from Serbia, was tested in the present study. Furthermore, various
methods applied to detect these mycotoxins were compared in the study. Cul-
tural, serological and analytical methods for the detection of mycotoxins were
compared in the course of the experiment by the direct extraction of aflatoxins
from the nutrient medium.

MATERIALS AND METHODS
Aspergillus strains

The trial with a total of 20 isolates of A. flavus and A. parasiticus, iso-
lated from Serbian maize, was carried out in the period 2013-2015. In order
to identify fungi and to perform morphological studies, fungi were cultured on
Czapek yeast agar (CYA) and malt extract agar (MEA). 4. flavus and A. para-
siticus were identified according to the standard identification keys (Raper et
al. 1973; Klich and Pitt 1988; Samson et al. 2007; Samson et al. 2014). The
obtained pure cultures of 4. flavus and A. parasiticus were maintained in the
fungal collection of the Maize Research Institute “Zemun Polje* and were then
used to obtain monospore cultures. Twenty isolates were selected for further
toxicological analyses: 17 A. parasiticus isolates and three isolates of A. flavus.

Sample preparation for the mycotoxin assessment

The point inoculation of isolates was done in the center of the plate by
using a dense conidial biomass. Isolates were grown on potato dextrose agar
(PDA) and PDA enriched with 0.3% B-CD (CD-PDA) (Acros, Organics, China)
as single colonies in the 9-cm Petri dishes. Cultures were incubated for 5 days at
2841 °C in the dark (Abbas et al. 2004). All strains were tested for aflatoxin
production according to the following methods:

Cultivation methods and observation of fluorescence

Rapid techniques for the detection of aflatoxigenic and non-aflatoxigen-
ic Aspergillus were investigated in this study using a yellow pigment formation
in mycelium and media (Lin and Dianese, 1976; Gupta and Gopal, 2002) am-
monia vapour (Saito and Machida, 1999; Kumar et al. 2007) and methylated
B-cyclodextrine (Fente et al. 2001) as indicators of Aspergillus colonies grown
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on PDA and CD-PDA. In the course of the application of these methods, afla-
toxigenic strains were developed on the reverse side of colonies of purple

reddish colour, when subjected to ammonium vapour and fluorescence under
UV light.

Yellow pigmentation

The yellow pigment formation in mycelia and media is a basis for the
diagnostic determination of aflatoxigenic isolates (Abbas et al. 2004a; Shier
et al. 2005; Odhiambo et al. 2014). The degree of yellow pigmentation is pro-
portional to blue fluorescence in culture media (Lin and Dianese, 1976).

Methyl-f3-cyclodextrin test

The presence or absence of fluorescence in the agar surrounding the col-
onies grown on PDA and CD-PDA was determined under UV radiation (365
nm) and assayed as positive or negative. All strains were analysed with ELISA
and HPLC to confirm the correlation between fluorescence and aflatoxin
production.

Ammonia vapour test

After five-day growth of colonies, Petri dishes were inverted over 3 drops
of 28-30% ammonium hydroxide (Acros Organics, USA). Toxicity of isolates
was determined on the basis of a change in colour of the nutrient medium. The
color change occurred after the colony was in contact with ammonia vapour.
In the non-toxic isolates there was no change of colour.

Determination of aflatoxins by ELISA and HPLC

The contents of PDA and CD-PDA plates were scraped into a tube to col-
lect fungal biomass. Fungal biomass (mycelia, conidia heads, conidia) was
placed in glass scintillation vials (20 mL) and fresh weights were recorded
(typically 0.5-1 g). Methanol-water (70:30, v/v) was added (10:1, v/m) to vials,
and the vials were shaken for 30 min at high speed with a reciprocal shaker. A
I-mL aliquot of extract was removed and centrifuged at 12 000 g for 10 min
with a MicroSpin 128 centrifuge. The supernatant was assayed for the presence
of total aflatoxins (B1, B2, G1, and G2), using ELISA kits (Elabscience Bio-
technology Co., Ltd). The obtained strains were analysed by high-pressure
liquid chromatography (HPLC) with fluorescence detection to confirm the
presence of aflatoxins B1, B2, G1, and G2. Prior to the separation by HPLC,
fungal biomass had to be extracted with a solvent mixture acetonitrile-dd H20

98



(90:10, v/v) and was added (100:1, v/m) to vials (Abbas et al. 2004). All experi-
ments were repeated three times.

RESULTS AND DISCUSSION

A large number of fungal colonies showing positive results after 5 days
of growth on PDA and CD-PDA were determined with one of the methods
stated below. Agreements and minor divergences are shown in Table 1.

Yellow pigmentation

A. parasiticus cultures producing aflatoxin formed yellow pigmentation
in almost all strains used in our experiments. The isolate MRIZP — AP17 was
an exception as it did not produce yellow pigment in mycelium, but it produced
toxins. The degree of yellow pigmentation was in concordance with fluores-
cence in all isolates producing toxins. Non-aflatoxigenic isolates did not pro-
duce yellow pigments (MRIZP — AF1, MRIZP — AF2, and MRIZP — AF3).
This is in agreement with results obtained by Lin and Dianese (1976) who
indicated that the degree of yellow pigmentation was proportional to fluores-
cence in all media tested.

Ammonium hydroxide vapour test

A. parasiticus isolates MRIZP — AP1, MRIZP — AP2, MRIZP — AP10, and
MRIZP — AP14 produced purple reddish pigmentation, while 4. parasiticus
isolates MRIZP — AP3, MRIZP — AP4, MRIZP — AP5, MRIZP — AP6, MRIZP
— AP7,MRIZP — AP8, MRIZP — AP9, MRIZP — AP11, MRIZP — AP12, MRIZP
— AP13, MRIZP — AP15, and MRIZP — AP16 produced moderate purple red-
dish pigmentation on the reverse side of colonies with the ammonium hydrox-
ide test. A. flavus isolates MRIZP — AF1, MRIZP — AF2, and MRIZP — AF3
did not show color change in any of the experiments, because they are non-
-aflatoxigenic strains. The isolate MRIZP — AP17, which did not produce yellow
pigment in mycelium, showed red pigmentation, which was unusual. There
was toxin confirmation when this isolate was tested with ELISA and HPLC.
Nevertheless, it can be concluded that the ammonium hydroxide test was a
reliable test for detection of aflatoxins. Saito and Machida (1999) reported that
the ammonium hydroxide vapour test gave 11% false positive and 6% false
negative results for aflatoxigenicity. Kumar et al. (2007) reported 92% efficacy
for the ammonium vapour test having 8% false negatives. Abbas et al. (2004)
used yellow pigmentation combined with the ammonium hydroxide vapour
test and thus false negatives were reduced to 7%.
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The number of positive colonies detected using this methodology also
followed a similar pattern as exhibited by the results obtained from colony
fluorescence.

Methyl-f3-cyclodextrin test

Results gained with the methyl-B-cyclodextrin test are in accordance with
the findings discovered with the ammonium hydroxide vapour test. The only
exception was the isolate MRIZP — AP17 as toxins were produced in it, which
was indicated by results of ELISA and HPLC. Moreover, false positives were
obtained by the absence of blue fluorescence in the CD-PDA media under UV.
Our findings showed that the methyl-B-cyclodextrin test was sensitive enough
to detect aflatoxins.

ELISA and HPLC

Aflatoxin production abilities tested previously by fluorescence under
UV light of strains cultivated on potato dextrose agar were in concordance

Table 1. Agreement between three methods for culturing, with ELISA and HPLC quantities
from A. flavus and A. parasiticus

. Yellow' Fluorescence Ammonia  ELISA (total HPLC
Isolates pigmentation vapour aflatoxins) G1/G2
PDA CD-PDA PDA CD-PDA PDA CD-PDA ng/g (ng/g)
MRIZP Ap 1 + + + + + + 2,110 3.123,01/ND
MRIZP Ap 2 + + + + + + 4,140 5.059,26/114,57
MRIZP Ap 3 + + + + + + 4,970 5.746,97/217,83
MRIZP Ap 4 + + + + + + 5,595 6.449,07/92,02
MRIZP Ap 5 + + + + + + 2,350 3.437,81/306,65
MRIZP Ap 6 + + + + + + 2,525 3.461,35/260,47
MRIZP Ap 7 + + + + + + 3,215 7.122,59/395,18
MRIZP Ap 8 + + + + + + 2,300 8,03/ ND
MRIZP Ap 9 + + + + + + 2,695 554,22/47,69
MRIZP Ap 10+ + + + + + 6,655 7.421,58/374,93
MRIZP Ap 11 + + + + + + 2,510 3.285,56/188,75
MRIZP Ap 12+ + + + + + 4,595 634,80/ ND
MRIZP Ap 13+ + + + + + 2,175 4.976,12/109,58
MRIZP Ap 14+ + + + + + 7,260 7.095,32/102,61
MRIZP Ap 15 + + + + + + 5,075 5.124,99/128,02
MRIZP Ap 16 + + + + + + 7,490 6.240,54/201,47
MRIZP Ap 17 - - - — + + 2,435 6.518,88/90,52
MRIZP Af 1 - - - — - — ND ND
MRIZP Af2 - - - - - - ND ND
MRIZP Af3 — — — — — — ND ND

ND — not detected
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with those obtained by ELISA and HPLC determination. A high potential of
total aflatoxin production was established in the majority of tested isolates. In
our study, all 4. parasiticus strains produced aflatoxins. On the other hand,
none of A. flavus strains produced aflatoxins. Their ability to synthesize a high
concentration of aflatoxins G1 and G2 was confirmed by the HPLC method.
A. parasiticus isolates showed a high production potential of B- and G-type
aflatoxins in previous researches (Vaamonde et al. 2003; Rodrigues et al. 2009;
Baquido et al. 2013).

The fluorescence on CD-PDA had the highest degree of conformity for
the identification of toxigenic isolates with the ELISA assay. Abbas et al. (2004)
achieved similar results with the strongest correlation between the cyclodextrin-
enchanced fluorescence test and ELISA among the tested methods of culturing
and they showed that these methods were reliable in screening aflatoxin pro-
duction by Aspergillus strains.

CONCLUSIONS

The present study shows the adequacy of the culturing method for the
preliminary isolate evaluation. In case of limited resources, this method is suit-
able for the detection of aflatoxins due to the cost-effectiveness of application.

Although all culturing methods applied in this study could be used as
preliminary indicators, the ELISA test, i.e. HPLC is confirmed to be a reliable
method for the toxin detection in 4. flavus and A. parasiticus. Having in mind
that aflatoxin contamination, as a major threat to human health and to the world’s
food supply, will be an issue in the foreseeable future, further insight might lead
to the development and improvement of methods for its continuous analysis.

As global climate changes continue to affect regions of Europe, the po-
tential impact of aflatoxin contamination may increase beyond regions with
tropical climate, which is already happening. The ability to estimate climate
changes and the relation between these changes and fungal infection and sub-
sequent aflatoxin contamination will help in predicting and dealing with this
emerging risk.
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KOMITAPAIIMJA METOJIA 3A YTBPBUBAE TOKCUT' EHOTI!
NOTEHIMIAJIA Aspergillus parasiticus Speare U Aspergillus flavus Link
N30JIOBAHUX CA KYKYPY3A

Mununa B. HUKOJIMR, Cnasuna )K. CTAHKOBUR, HBa J. CABU'h

WHceTuTyT 32 KyKYpy3 ,,3eMyH [losbe®,
Jlaboparopuja 3a pUTONATOIOTH]y U EHTOMOJIOTH]Y,
Crnobonana bajuha 1, 3emyn Ilosse — beorpan 11185, Peny6nuka Cpouja

PE3MME: Kykypy3 ce mupom cBeTa cMaTpa jeAHUM O yCeBa HAJIIOIIOKHU]UX
3a KOHTAMHMHALA]Y MUKOTOKCHHUMA. AJIaTOKCHHAMA C€, y Opehersy ¢ IpyriuM MUKO-
TOKCHHHMA, IpuJiaje HajBeha makma 300T IBUXOBE MOTEHLMjaTHe KaHIEPOTreHOCTH,
3HAYajHUX U IyTOpPOYHUX IpobieMa Koje U3a3uBajy Kol JbyAH 1 )KUBOTHIba. BpcTe A.
flavus u A. parasiticus MOTy IpOIyKOBaTH a(IaTOKCUHE KOJ MHOTHX €KOHOMCKH
3HAYajHUX KYJITypa y OJbUMa U CKJIaJUIITHMA. 300T IOTEHIMjajHE KOHTaMUHALUje
3pHa KyKypy3a a(IaToOKCHHIMA Y OBOM pajy je HCIIUTAH TOKCHTCHHU OTCHITH]all H30-
JlaTa yrpaBo OBe JBe BpcTe nopekyioM u3 Cpouje u ynopeheHe cy pasinduTe MeToIe
AeTeKuuje oBuX MuKoTOkcHHA. TokoM ekcnepumenTa ynopeheHe cy oarajusauke,
CEPOJIOLIKE 1 aHATHTHYKE METO/E ICTEKIH]je MUKOTOKCHHA, JUPEKTHOM EKCTPAKLIH]OM
aQnatokcuHa U3 XpaHsbnBe noasiore. Mcrpaxkunsarma cy 6a31/1paHa Ha IPUMEHH OJIraju-
BayKe MeTO/Ie 3a ofpehuBame npoxykuuje apuatokcuna kox 20 uzonara 4. parasiticus
(MRIZP Apl-17) u 4. flavus (MRIZP Af18-20) nopeknom u3 Cpbuje. Oxrajusaixe
MeTozie Cy OuJie 3aCHOBaHe Ha OPMUPAILY XKYTOI TUTMEHTA Y MULIEIHjU U XPaHJbUBO]
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M0/JI03H, Ha MojaBu (uryopecuennnje Ha PDA (kpoMnup JeKCTPO3HU arap) U MoJjio3u
Koja caapsu B-uukiogekctpu (CD-PDA), xao u Ha 006pa3oBamy IPBEHOT MIUTMEHTA
y TIOJIJIO3U HAKOH J0JaBama aMoHUjyM xuapokeuaa. ELISA tect je kopuurhen 3a mpo-
Bepy KBAaHTHTATHUBHHUX M KBAJIMTATUBHUX caJipikaja yKynmHux adnarokcuna bl, b2, 'l
u I'2, nok je HPLC metonom yTBpleHa KOHIIEHTpaIlKja MojelnHaYHUuX a]iaTOKCHHA
b1, B2, I'l u I'2. OGpa3oBame KyTor MUrMeHTa, (pyopeclieHInja U mpomMeHa 0oje
KOJIOHHU]€ U30J1aTa y LPBEHY, Kao JOKa3 TOKCUI'€HOCTH U30J1aTa, IOTBpheHa je y CBUM
ciyyajesuma u ELISA Tecrom. Ko Behnue n3onarta ycTaHOBIbEH je BUCOK IIOTCHIIH]AIT
npoxyknuje ykymaux adiaarokcuaa. HPLC meTomom notephena je n crmocodHOCT
cuntese aduatokcuna 'l u I'2 ox cTtpane uzonara A. parasiticus. Llusb ekcriepuMenTa
010 je 1a ce ucnura epuKacHOCT yrnorpede Op3ux TeCToBa 3a JCTEKIU]y adaaToKkcuHa,
Kako OM ce cripeyniia KOHTaMUHAIIM]a YCeBa U U3JI0KESHOCT JbY/IU U JKUBOTHIbA aduia-
TOKCHHHMA.

KJbYYUHE PEYMN: Aspergillus parasiticus, Aspergillus flavus, KyKypy3, TOKCH-
TeHU MOTEHIU]all
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