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PRESENCE OF DEOXYNIVALENOL IN WHEAT
MILLING PRODUCTS IN SERBIA DURING 2016-2017

ABSTRACT: Deoxynivalenol (DON) is one of several mycotoxins produced by certain
Fusarium species that frequently infect wheat, corn, rice, oats, barley and other grains in
the field or during storage. DON affects animal and human health causing vomiting, acute
temporary nausea, diarrhea, abdominal pain, headache, dizziness and fever. The objective
of this study was to evaluate the natural occurrence of deoxynivalenol (DON) in white wheat
flour, whole wheat flour and wheat bran. In this study, a total of 75 white wheat flour, whole
wheat flour and wheat bran samples were collected in the period of 2016-2017. All samples
were analyzed for DON by enzyme-linked immunosorbent assay. DON was detected in 23
out of 45 white wheat flour samples (51.11%), at levels ranging from 99 pg/kg to 440 pug/kg.
Out of 15 whole wheat flour samples, 14 were contaminated by DON (93.33%)), at levels rang-
ing from 98 pg/kg to 479 pg/kg. The maximum contamination level of DON (2,790 ng/kg)
in this study was found in wheat bran. Presence of DON was detected in all 15 samples of
wheat bran (100%). These results suggest a high percentage of contaminated samples, espe-
cially among wheat bran samples, which raises a risk for consumers of wheat bran and the
need to monitor final products before consumption.
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INTRODUCTION

Wheat and wheat-based products are considered to be staple food for the
majority of the world population (Skrbic¢ et al. 2012). Unfortunately, wheat like
many other cereals is susceptible to fungal attack, therefore to possible mycotoxin
contamination. The occurrence of mycotoxins in cereals is of great concern
worldwide, because their presence is often associated with chronic or acute
mycotoxicoses. Approximately 25% of cereals produced in the world are con-
taminated with mycotoxins (Charmley ez al. 1995).

* Corresponding author. E-mail: jaukovicmarko@gmail.com
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A great variety of fungi can produce mycotoxins; however several Fusarium
species, a widespread pathogens on cereals in both temperate and semitropical
areas, are a major concern for all European cereal growing areas (Bottahco 1998).
The percentage of contamination on the worldwide level for some Fusarium toxins,
such is DON, is considered to be much higher than 25% (Bullermann, 1996).

Deoxinivalenol (DON, vomitoxin) is a natural-occurring mycotoxin, type
B-trichothecenes produced mainly by strains of F. graminearum, a food-borne
fungi widely spread in crops. DON is considered to be one of the most impor-
tant mycotoxins in wheat and wheat based products. It affects both animal and
human health by causing gastro-intestinal problems followed by diarrhea and
vomiting (Kushiro, 2008).

Approximately 600 million tons of wheat are produced per year and most
of it is converted to wheat flour for human consumption (Kushiro, 2008). This
makes DON contamination of wheat a great concern for human health. Wheat-
based products, such is wheat flour, hold an essential place in Serbian diet, as well.
Wheat flour and wheat flour-based products, such are bread, pasta, pastry and
cookies represent approximately 26% of Serbian market basket (Skrbi¢ et al.
2012). Although, occurrence and prevention of DON have been intensively
studied, there are only a few of studies conducted in Serbia on retention of
DON after harvest and during processing. The study on retention of DON
during primary processing (milling) is important for the risk assessment and
management for majority of world population (Kushiro, 2008).

The objective of this study was the examination and determination of the
presence of DON in wheat flour and wheat bran collected from Serbian pro-
ducers in order to determine the levels of contamination in different wheat
milling products.

MATERIALS AND METHODS
Reagents and chemicals

RIDASCREEN FAST DON SC (R-Biopharm), a competitive enzyme
immunoassay for quantitative analysis of DON in cereals, malt and feed was
used according to manufacturer’s instruction (RIDASCREEN FAST DON SC
Art. No.: R5905). Distilled water was used for the extraction.

Collection of samples

From October 2016 until April 2017, 75 samples of white wheat flour,
whole wheat flour and wheat bran were collected from 9 Serbian producers,
as a part of the food safety control. Samples were collected in packs of 1 kg, ac-
cording to European regulation on methods for sampling (EC 401/2006). Out of
total number of samples, 45 were white wheat flour, type T 400 (25 samples) and
T 500 (20 samples). 15 samples of whole wheat flour and 15 samples of wheat
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bran were collected, as well. Ash content, calculated on dry matter for T 400
flour is up to 0.45%, for T 500 it ranges from 0.46 to 0.60%, for whole wheat
flour it is up to 2.2%, while for wheat bran it is up to 7.0% (Sluzbeni glasnik
Republike Srbije, 68/16)". Before analysis, the samples were stored at 4—6 °C
and were protected from light.

Sample preparation

All samples were thoroughly mixed in order to homogenize. Namely, 5 g
of each sample of white wheat flour, whole wheat flour and wheat bran were
extracted by shaking with 100 mL of distilled water manually for 5 minutes. After
shaking, sample extracts were filtered through Whatman No.1 filter. 50 uL of
the filtrate was used for further analysis according to RIDASCREEN FAST
DON SC manual.

Instrumental conditions

The measurement was performed photometrically at 450 nm. UT-2100C
microplate reader with absorbance range 03,500 A was used. Continuous
reading mode was used with reading speed t <5 s. The absorbance is inverse-
ly proportional to the DON concentration in the sample. Using method was
validated (LoD = 75 pg/kg, Recovery = 92%)).

RESULTS AND DISCUSSION

The results on occurrence of DON in white wheat flour, whole wheat
flour and wheat bran are given in Table 1.

Table 1. Occurrence of deoxynivalenol (DON) in white wheat flour, whole wheat flour
and wheat bran. a) Arithmetic mean. Values below the detection limit (75 pg/kg) are set
to have concentration of half of detection limit

DON (ng/kg)
Commodity No. of Average Median max Interval of concentration
positives/total value” value value (contaminated samples)
white wheat 23/45 142 81 440 99440
flour
whot}le wheat 14/15 307 354 479 98-479
our
le;heat 15/15 1,074 961 2,790 161-2,790
ran

* Official gazette of the Republic of Serbia, translator’s comment
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DON was detected in 23 out of 45 white wheat flour samples (51.11%), at
levels ranging from 99 to 440 pg/kg. The average and median values obtained
for DON in white wheat flour were 142 pg/kg and 81 ug/kg, respectively. Out
of 15 whole wheat flour samples, 14 were contaminated by DON (93.33%)), at
levels ranging from 98 pg/kg to 479 pg/kg. The average and median values
obtained for DON in whole wheat flour were 307 ng/kg and 354 pg/kg, respec-
tively. None of the white wheat flour nor whole wheat flour samples exceeded
the limit of 750 pg/kg set by Serbian regulative for allowed presence of DON
in cereal flour (Sluzbeni glasnik Republike Srbije, 29/2014, 37/2014 — isp.
39/2014, 72/2014, 80/2015, 84/2015, 35/2016 and 81/2016). The maximum con-
tamination level of DON (2,790 pg/kg) in this study was found in wheat bran.
Presence of DON was detected in all 15 samples of wheat bran (100%). The
average and median values obtained for DON in wheat bran were 1,074 pg/kg
and 961 ng/kg, respectively. Nine of the 15 contaminated samples of wheat
bran exceeded the limit of 750 pg/kg set by Serbian regulative for allowed
presence of DON in wheat bran intended for human consumption (Sluzbeni
glasnik Republike Srbije, br. 29/2014, 37/2014 — isp., 39/2014, 72/2014, 80/2015,
84/2015, 35/2016 and 81/2016). However, wheat bran is mostly used as an animal
feed. The limit of 8000 pg/kg set by Serbian regulative for allowed presence
of DON in wheat bran intended for animal feed was not exceeded in this case
(Sluzbeni glasnik Republike Srbije, 27/14).

The obtained results are in compliance with the conclusions of the study
conducted by Abbas et al. (1985) which shows that the distribution of DON is not
uniform in the milling fractions. They also found that the highest concentration
of DON was in bran, followed by reduction flour and break flour, which proves
that the invasion of fungus into the wheat is not uniform, as well. Trigo-Stockli
et al. (1996) reported in the similar study that DON levels were the highest in
the bran (3.4 mg/kg) and the lowest in the flour (1.5 mg/kg), as well. This could
be due to the fact that after milling most of the concentration remains in outer
layers (Tanaka ef al. 1986). Others have also reported various concentrations
of DON in different milling fractions. For example, Hart and Braselton (1983)
reported concentrations of DON of 5.2 mg/kg and 4.5 mg/kg in bran and
straight grade flour, respectively. The correlation of DON levels with ash con-
centration was also reported by Abbas et al. (1985). However, this still remains
to be studied for application.

CONCLUSION

The presence of DON was detected in 52 out of 75 analyzed samples of
white wheat flour, whole wheat flour and wheat bran. The highest percentage
of contaminated samples was detected among wheat bran samples (100%),
followed by whole wheat flour (93.33%) and white wheat flour (51.11%). The
maximum contamination level of DON (2,790 pg/kg) in this study was found
in wheat bran. All of the wheat flour samples are in compliance with Serbian
regulative (Sluzbeni glasnik Republike Srbije 29/2014, 37/2014 — isp. 39/2014,
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72/2014, 80/2015, 84/2015, 35/2016 and 81/2016). All of the wheat bran samples
are in compliance with Serbian regulative for allowed presence of DON in
wheat bran intended for animal feed (Sluzbeni glasnik Republike Srbije, 27/14).
However, 60% of wheat bran samples could not be used for human consumption
due to exceeding levels set by Serbian regulative for allowed presence of DON
in wheat bran intended for human consumption (S/uzbeni glasnik Republike
Srbije, 29/2014, 37/2014 — isp. 39/2014, 72/2014, 80/2015, 84/2015, 35/2016 and
81/2016).

These results suggest a high percentage of contaminated samples, espe-
cially among wheat bran samples, which raises a risk for wheat bran consumers.
Additionally, this study indicates the need for continuous monitoring of final
wheat based products before consumption.
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PE3UME: [leokcunuanenon (DON) jeaaH je 01 HEKOJTHMKO MUKOTOKCHHA KOj€ TPO-
JyKYjy onpelene Bpcre pona Fusarium, Koje 4eCTO KOHTAMUHUPA]y MIIEHUILY, KYyKY-
py3, IUPHHAY, OBAC, jedaM M OCTaJIe JKUTAPHUIIE, KaKO Y IMOJbY, TAKO U TOKOM IEepHOIa
cknanumrena. DON yTHYe Ha 31paBJbe JbyIU U KUBOTHA n3a3uBajyhu nospahame,
aKyTHE My4YHUHE, Tujape]y, aboMUHAITHE 001, IN1aBOO0JbE, BPTOTIIABHIIC H TPO3HHUILY.
[{nsb OBOT MCTpaXkMBakba OHO je Jla Ce UCITMTA M TPOLICHH IIPUPOHA TI0jaBa JCOKCHHU-
BaneHosia (DON) y Oenom nieHnYHOM OpalliHy, MHTErpaTHOM MIIEHUYHOM OpalliHy U
MIIEHUYHUM MEKHUbaMa. YKYIHO 75 y3opaka OeJor MIIeHHYHOT OpaliHa, HHTETr paJHOT
MIICHUYHOT OpalllHa U MIIEHNYHUX MEKHba Y30pKoBaHo je y nepuoay 2016-2017. Cu
y30pIH cy aHajau3upanu Ha npucyctBo DON-a nmynoensumckuM ELISA tectoBuma.
IIpucyctBo DON-a je nerekToBano y 23 ox 45 y3opaka Oelor mieHnYHOTr OpaliHa
(51,11%), y koHIIEHTparmoHoM oricery o 99 mo 440 pg/kg. On 15 ucniuranux yzopaka
WHTETPaJIHOT MIIIeHHYHOT OpamrHa 14 je 6uino kontamuuupaso (93,33%), a KoHIIeH-
tpanuja DON-a kpetana ce y orcery oj 98 1o 479 pug/kg. MakcuMaiHa KOHIICHTpaI[H]ja
DON-a (2.790 pg/kg) y oBoM UCTpaxuBamy 3a0eliekeHa je KO MIIEHHYHUX MEKUba.
[pucyctBo DON-a 1eTeKToBaHO je y CBUX 15 HCIUTHBAaHUX y30pKa MIIEHUYHUX Me-
kumba (100%). OB pe3ynTaT yka3yjy Ha BUCOK IPOLIEHAT KOHTAMUHHPAHUX y30paKa,
IIOrOTOBO KOJI Y30paKa MIIEHUYHUX MEKHba, IITO MPEACTaBIba PU3UK 110 IOTpoLIaye
1 U3UCKYje TOTpedy 3a MOHUTOPUHIOM (PMHATHUX IPOU3BOJA IIPE MYLITaka y IPOMET.

KJbYYUYHE PEUU: neokcuHUBAICHOI, TIIEHUYHO OPaITHO, MIIIEHUYHE MEKHIHE,
ELISA
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