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DYNAMICS OF DEOXYNIVALENOL AND
ZEARALENONE PRODUCTION BY FUSARIUM

GRAMINEARUM UNDER LABORATORY CONDITIONS

ABSTRACT: Toxicological investigations encompassed two cultures of Fusarium
graminearum: (i) D2 isolate, originating from air was obtained on Sabouraud medium du-
ring a routine control of laboratory sterility conditions at the Department of Microbiology
of the Center for Bio-Ecology in 2006, and (ii) GZ-LES control isolate, a well known pro-
ducer of zearalenone (ZON) and deoxynivalenol (DON), was isolated from maize kernel
collected at Leskovac in 1975. Preliminary analysis of fungal potential for the production of
DON and ZON were performed by the modified rapid screening method of F i l t e n b o r g
et al. (1983). Dynamics of DON and ZON biosynthesis was tested under different condi-
tions of isolate cultivation: (i) in a basic liquid semi-synthetic medium with 2% yeast
extract and 15% sucrose, pH 6.5 (YES), (ii) in broth with same concentrations of yeast
extract and sucrose supplemented with 0.23 mg/l ZnSO4 x 5 H2O, pH 6.5 (YESZn) and (iii)
on natural solid substrates such as wet sterilized maize and rice kernels. The quantitative
determination of DON and ZON was performed in both liquid and natural solid substrates
with thin-layer chromatographic methods (TLCs).

The maximum yield of DON was recorded after three weeks of cultivation on maize
kernels at 27±1°C. Contrary to the D2 isolate, which did not show the potential for the
DON biosynthesis, the control isolate GZ-LES produced 645.6 ppb of the same type B tri-
chothecene under previously mentioned conditions. The ZON biosynthesis by the isolate D2
(1.2 ppb) was observed after 2 weeks of the stationary cultivation in YES and YESZn at
room temperature (17—19°C). The same isolate produced 0.74 ppb and 17.35 ppb ZON on
maize and rice kernels after only 7 and 28 days of cultivation at the room temperature rang-
ing from 17 to 19°C and from 15 to 23°C, respectively.
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INTRODUCTION

Fusarium graminearum, beside F. culmorum, is the main causal organism
of fusarium head blight (FHB) or scrib, a disease that leads to severe losses of
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yield and quality of cereal grain. During the development of FHB these patho-
gens commonly contaminate grain with mycotoxins deoxynivalenol (DON)
and zearalenone (ZON). These mycotoxins that can be the cause of health-
-threatening toxicoses (M a r a s a s et al., 1984), represent at least two bioche-
mical origins. ZON with the estrogenic activity in mammals is biosynthesized
through a polycetidic pathway, while 8-ketotrichothecenes DON and nivalenol
(NIV) are derived from the condensation of three mevalonate units (B l a c k -
w e l l et al., 1985).

F. graminearum isolates can be broadly divided into two chemotypes
based on the production of host specific virulence factors DON and NIV (I l -
g e n et al., 2008). According to K i m et al. (2003) small cereal grains grown
in Korea produced either DON or NIV, whereas isolates from corn grown in
the United States produced DON only. In England and Wales (J e n n i n g s et
al., 2004) DON is predominant chemotype (75% of tested F. graminearum
cultures), as well as, in Argentina where only chemotype IA (DON and
3-acetyl-DON) was observed (M o l t o et al., 1997).

There are only a few reports about simultaneous presence of DON and
ZON in Serbian crops (J a j i ã et al., 2007; B a g i et al., 2008). In order to
determine the occurrence of DON and ZON, this study was carried out with
F. graminearum isolates cultivated on different substrates under laboratory
conditions.

MATERIAL AND METHODS

Microorganisms. Two isolates of F. graminearum were under present in-
vestigation. Isolate D2, originating from air, was obtained on Sabouraud me-
dium during a routine control of laboratory sterility conditions at the Depart-
ment of Microbiology of the Center for Bio-Ecology in 2006, and control iso-
late GZ-LES, a well known producer of DON and ZON (J a j i ã et al., 2007),
was isolated from maize kernel collected at Leskovac in 1975. Stock cultures
of the fungi were maintained on the potato-sucrose agar at 4—6°C.

Preliminary analysis of fungal potential to produce deoxynivalenol (DON)
and ZONralenone (ZON) were performed according to the rapid screening
method of F i l t e n b o r g et al. (1983) modified by B o å a r o v - S t a n å i ã
et al. (in press) on the following media: YESA (2% yeast extract, 15% sucrose
and 2% agar, pH 6.5), YESAZn (2% yeast extract, 15% sucrose, 0.23 mg/l
ZnSO4 x 5 H2O, and 2% agar, pH 6.5), PPSA (2% peptone-1, 5% sucrose and
2% agar, pH 6.5), PPSAZn (2% peptone-1, 5% sucrose, 0.23 mg/l ZnSO4 x 5
H2O and 2% agar, pH 6.5) and PDA (potato-dextrose agar, pH 6.9).

Liquid media and conditions for the toxin production. The F. graminea-
rum isolate D2 and the control isolate GZ-LES were grown in the yeast
extract-sucrose broth (YES, pH 6.5) (S a m s o n and v a n R e e n e n - H o -
e k s t r a, 1988) as well as in yeast extract-sucrose medium supplemented with
0.23 mg/l ZnSO4 x 5 H2O (YESZn, pH 6.5) (M ü h l e n c o e r t, 2004). Both
media (YES and YESZn) contained 2% yeast extract and 15% sucrose. Media
(250 mL each) were poured into 500 mL Erlenmeyer flasks and were inocu-
lated with five fragments (5 x 5 mm) of the fungus, that were grown on po-
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tato-sucrose agar (PSA) in Petri dishes at 27�1°C for seven days. After inocu-
lation of the media, the Erlenmeyer flasks were kept stationary at the room
temperature (17—19°C) for 14 days. The pH value was measured after culti-
vation of the isolate. The samples for the analysis were taken every week du-
ring the cultivation period. All cultivations were performed in two replications.

Solid media and conditions for the toxin production. Both isolates of
F. graminearum were grown on wet (>45%) sterilized maize and rice kernels
(50 g per Roux bottle). Each substrate was inoculated with five fragments (5 x
5 mm) of the fungus that was grown on the potato-sucrose agar (PSA) in Petri
dishes at 27�1°C for seven days. Inoculated maize samples were cultivated
during a 4-week period under room (17—19°C) and chamber (27�1°C) condi-
tions. On other hand, during 14, 21 and 28 days the inoculated rice samples
were cultivated under room (15—23°C) and chamber conditions (27�1°C). All
cultivations were performed in two replications.

Determination of fusariotoxins. Qualitative and quantitative DON deter-
minations in filtrates of fungal cultures were carried out by applying the
thin-layer chromatographic (TLC) method developed by C v e t n i c et al.
(2005), and ZON after B o å a r o v - S t a n å i ã et al. (2003). In accordance
with these methods, liquid cultures of fungus were filtered after a stationary
cultivation. Furthermore, after the cultivation on maize and rice kernels, the
samples were dried for 24 h or more at 60°C, until constant weight was achie-
ved. After a pulverization of dried samples, the DON determination was done
according to the TLC method of P e p e l j n j a k and B a b i ã (1991), and
ZON after B a l z e r et al. (1978). Thin-layer chromatography was performed
with toluene/ethyl acetate/formic acid developing saturated solvent (5:4:1, v/v/v).
Only in case of the ZON, determination in benzene/glacial acetic acid develo-
ping solvent (90+10 v/v) was used parallely. After developing plates and air
drying in the dark fume extractor the plates were examined under long wave
UV light (366 nm). DON and ZON were visualized by the use of 20% AlCl3
in 60% ethanol. All analyses were done in three replications.

RESULTS AND DISCUSSION

Results of the present investigation are shown in Tables 1 — 4.

Tab. 1. Fusariotoxins production by F. graminearum isolates on different agar media and tempe-
ratures

Medium Aver.
temp. (°C) Days

Intensity of fusariotoxins production

D2 isolate GZ-LES control islate

DON ZEN DON ZEN

YESA

19.0
7 – + – ++

14 – + – ++
21/28 –/– +++/+++ –/– +++/+++

24.9
7 – + – +

14 – + – ++/+++
21/28 –/– ++/+++ +/+ +++/+++
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YESAZn

19.0
7 – – – +

14 – + – +++
21/28 –/– +++/+++ –/– +++/++++

24.9
7 – + – –

14 – +++ – +
21/28 n.a. n.a. +/+ +/+

PPSA

19.0
7 – – – –

14 – + – –
21/28 –/– ++/+++ –/– +++/+++

24.9
7 – – – –

14 – + – –
21/28 – +++/++++ +/+ ++/++

PPSAZn

19.0
7 – – – –

14 – ++ – –
21/28 –/– ++/++++ –/+ +++/++++

24.9
7 – – + –

14 – ++ + –
21/28 n.a. n.a. +/+ –/–

PDA

19.0
7 – – – –

14 – – – –
21/28 –/– –/– –/– –/–

24.9
7 – – – –

14 – – – –
21/28 –/– –/– –/+ –/–

Legend: n.a. — not analyzed; – not detected; + low intensity; ++ moderate intensity; +++ high
intensity; ++++ very high intensity

Screening of the fusariotoxin production under different conditions of fun-
gal cultivation in vitro (Table 1) revealed that only F. graminearum GZ-LES
had the capability to produce DON. The biosynthesis of this type B trichothe-
cene was observed in almost all cases at higher temperature (average 24.9°C).
The exception was cultivation of this isolate on PPSAZn when DON was record-
ed after prolonged cultivation (28 days) at lower temperature (average 19.0°C).
Dynamics of the DON production was as follows: early detection (after 7
days) on PPSAZn, after 21 days on PPSA, YESA, and YESAZn, and after 4
weeks on PDA.

ZON was biosynthesized on agar media by both tested isolates of F. gra-
minearum isolates (Table 1) but under different cultivation conditions. PDA
was not applicable for testing the ZON production. ZON was observed on
PPSAZn and PPSA after 2 weeks of D2 isolate cultivation, regardless of the
applied temperature, while in the case of GZ-LES isolate after 3 weeks culti-
vation at a lower temperature (average 19.0°C). After 7 days, ZON was bio-
synthesized on YESAZn by the D2 isolate at higher temperatures (average
24.9°C), and by GZ-LES at lower temperatures (average 19.0°C), respectively.
The best results were achieved on YESA where both isolates of F. graminea-
rum produced ZON after the 7-day cultivation regardless of the temperature
conditions. A prolonged cultivation of fungi resulted in higher ZON yields.
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Tab. 2 — Quantity of fusariotoxins produced by D2 isolate of F. graminearum stationary culti-
vated in liquid media

Temperature
(°C) Days Medium pH value

Toxin yield (mg/l)

DON ZON

17—19

7
YES — n.d n.d.
YESZn — n.d n.d.

14
YES 4.97 n.d 1.20
YESZn 4.73 n.d 1.50

21
YES 4.90 n.d 1.50
YESZn 4.50 n.d 1.50

28
YES 5.20 n.d 0.90
YESZn 4.60 n.d 1.20

Legend: n.d. — not detected (< 0.037 and < 0.097 mg/l of ZON and DON, respectively)

After the incubation period, a decrease of pH value was determined in
both tested liquid media (Table 2).

Investigations of the DON and ZON production in liquid media (YES
and YESZn) revealed that the control isolate GZ-LES F. graminearum did not
biosynthesize any of the tested fusariotoxins after 28 days of cultivation at
room temperature (15—23°C). The explanation for this finding is that the
applied temperature was maybe too high for the ZON production, but, on the
other hand, too low for the DON biosynthesis under stationary cultivation con-
ditions.

In the case of D2 isolate, it was not surprising that it did not produce
DON (Table 2), because it also was not a producer of the same fusariotoxin
on agar media of the same composition (Table 1). The ZON biosynthesis by
the same culture was recorded after 14 days of cultivation in both tested liquid
media (YES and YESZn) at lower room temperatures (17—19°C). The maxi-
mal yield of ZON (1.5 mg/l) was observed after 21 day cultivation in both ap-
plied liquid media (Table 2). The supplementation of the trace element Zn to
YES (0.23 mg/l ZnSO4 x 5 H2O) resulted in a more outstanding decrease of
the initial pH 6.5 to the final pH 4.6, as well as, in higher ZON yields after 14
(1.50 mg/l in comparison to 1.20 mg/l) and 28 days of cultivation (1.20 mg/l
in comparison to 0.90 mg/l).

The use of different liquid media for testing the toxin production by isola-
tes of F. graminearum is reported also by other authors (M i l l e r and G r e e n -
h a l g h, 1985; P e s t k a et al., 1985). P e s t k a et al. (1985) obtained 5.50
mg/l of DON after 20 days by the use of the glucose-yeast extract-peptone nu-
trient medium for cultivation of the strain R6576.

The results of fusariotoxin yields and dynamics of biosynthesis by isola-
tes of F. graminearum cultivated on natural solid substrates (Table 3. and 4)
show significant differences regarding the temperature conditions and the type
of substrate.
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Tab. 3. Quantity of fusariotoxins production by two isolates of F. graminearum cultivated on
maize kernels

Temperat.
(°C) Days Moisture

(%)

Toxin yield (mg/kg)

D2 isolate GZ-LES

DON ZON DON ZON

17—19

7 46.2 n.d. 0.74 0.58 n.d.
14 48.0 n.d. 0.94 1.44 0.37
21 50.0 n.d. 1.29 n.d. 0.37
28 46.8 n.d. 1.84 n.d. 0.37

27±1

7 43.0 n.d. n.a. 1.44 n.d.
14 50.6 n.a. n.a. 1.44 n.d.
21 48.4 n.a. n.a. 1.73 n.d.
28 49.8 n.a. n.a. 2.02 n.d.

Legend: n.d. — not detected (d55of ZON and DON, respectively); n.a. — not analyzed

Tab. 4. Quantity of fusariotoxins production by two isolates of F. graminearum cultivated on rice
kernels

Temperat.
(°C) Days Moisture

(%)

Toxin yield (mg/kg)

D2 isolate GZ-LES

DON ZON DON ZON

15—23 28 42.3 n.d. 17.35 n.a. n.a.

27±1
14 37.9 n.a. n.a. 302.5 n.d.
21 — n.a. n.a. 645.6 1.26
28 — n.a. n.a. 400.0 3.13

Legend: n.d. — not detected (dof ZON and DON, respectively); n.a. — not analyzed

DON production was observed only in the GZ-LES isolate, regardless of
the applied temperature and on both types of cereal substrate (Tables 3. and
4). Much higher quantity of this type B trichothecene was detected after 28
days of cultivation on rice grain at 27�1°C (400.0 mg/kg) than on maize ker-
nels (2.02 mg/kg). Biosynthesis of the maximum DON quantities on maize
kernels was detected after cultivation for two weeks at room temperature
(17—19°C), and four weeks at 27�1°C, 1.44 mg/kg and 2.02 mg/kg, res-
pectively (Table 3). On rice kernels maximal yield of DON (645.6 mg/kg) was
achieved after three weeks of cultivation at 27�1°C (Table 4). Other authors
also established that a higher incubation temperature (28°C) favored the DON
production (G r e e n h a l g h et al., 1983; L i o r e n s et al., 2004).

After 28 days of cultivation at room temperature the D2 isolate of F. gra-
minearum produced more ZON on rice grain, then on corn kernels (Tables 3.
and 4). During the cultivation on maize kernels, the yield of this estrogenic
substance succesively increased from initial 0.74 mg/kg (after 7 days) to final
1.84 mg/kg (after 28 days) (Table 3).

In contrast to the D2 isolate the GZ-LES isolate of F. graminearum
biosynthesis of ZON was detected after longer cultivation (14 days) on maize
kernels at room temperature (17—19°C) and its yield did not change during
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further cultivation; it was constantly 0.37 mg/kg. During cultivation at higher
temperature (27±1°C), isolate GZ-LES did not produce ZON at all on the
same substrate (Table 3), while on rice grains the biosynthesis of the same
mycotoxin (1.26 mg/kg) was detected after three weeks (Table 4). The ZON
yield increased during cultivation period at 27±1°C (Table 4). The highest
quantities of ZON that can be obtained at lower temperatures, such as 19.5°C
or room temperature ranging from 17 to 21°C, are indicated by other authors
too (G r e e n h a l g h et al., 1983; L o r i et. al., 1990).

CONCLUSIONS

The temperature and nutrient media affected significantly the mycotoxin
production, although the tested isolates (D2 and GZ-LES) responded diffe-
rently to the same cultivation conditions.

The best medium for screening ZON, regardless of the temperature condi-
tions, was YESA, and for DON screening it was PPSAZn and higher tempera-
tures (about 25°C).

In liquid media (YES and YESZn) at room temperature (17—19°C) only
the ZON biosynthesis occurred by F. graminearum D2 isolate.

Higher incubation temperatures (27�1°C) favored the DON production on
wet cereal kernels, while lower temperatures (17 to 21°C) favored the ZON
biosynthesis.

The isolate F. graminearum GZ-LES evidently belongs to the DON
chemotype contrary to D2, because the last one did not possess the capability
to biosynthesize DON.
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Rezime

Ispitivawem su bili obuhvaãeni novoizolovana kultura F. graminearum
(D2) neispitanog toksikološkog profila i kontrolni izolat iste vrste gqive
(GZ-LES) dobro poznat proizvoðaå deoksinivalenola (DON) i zearalenona (ZON).
Preliminarne analize DON-a i ZON-a su izvršene prema modifikovanoj me-
todi F i l t e n b o r g -a i sar. (1983). Dinamika biosinteze DON-a i ZON-a je
praãena gajewem izolata gqiva u/na åetiri razliåita tipa podloge: teånoj polu-
sintetiåkoj podlozi sa 2% ekstrakta kvasca i 15% saharoze (YES pH 6,5), pod-
lozi istog sastava sa dodatkom 0,23 mg/l ZnSO4 x 5 H2O (YESZn pH 6,5) i steri-
lisanim vlaÿnim zrnima kukuruza i pirinåa.

Kvantitativno odreðivawe DON-a u kulturi izolata gqiva gajenih u teånoj
podlozi je izvršeno tankoslojnom hromatografijom prema C v e t n i ã u i sar.
(2005), a u åvrstoj podlozi primenom postupka autora P e p e q w a k a i B a -
b i ã a (1991). Potencijal za biosintezu ZON-a kod izolata gajenih u teånoj
podlozi je odreðivan postupkom tankoslojne hromatografije prema B o å a r o v -
- S t a n å i ã i sar. (2003), a izolata gajenih na åvrstoj podlozi prema B a l -
z e r u i sar. (1978).

Maksimalna koncentracija DON-a (645,6 ppb) je determinisana posle tri
nedeqe kultivacije kontrolnog izolata F. graminearum GZ-LES na zrnu kukuruza
i pri 27�1°S. Za izolat iste vrste gqive D2 je utvrðeno da ne poseduje sposob-
nost biosinteze DON-a, s obzirom da nije proizvodio ovaj trihotecen tipa B
ni u jednom od testiranih uslova kultivacije. Proizvodwa ZON-a je konstato-
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vana kod izolata D2 (1,2 ppb, odnosno 1,5 ppb) posle dve nedeqe stacionarne
kultivacije u teånim podlogama (YES i YESZn) na sobnoj temperaturi od 17 do
19°S. Na prirodnim åvrstim supstratima (zrno kukuruza i pirinåa) isti izo-
lat je biosintetisao ZON veã posle sedam dana kultivacije na zrnu kukuruza i
sobnoj temperaturi od 17 do 19°S (0,74 ppb) ili posle 28 dana kultivacije na
zrnu pirinåa i sobnoj temperaturi od 15 do 23°S (17,4 ppb).
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