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Background: Wheat is frequently contaminated by Deoxynivalenol (DON) and 
Nivalenol (NIV), which are type B trichothecenes produced by Fusarium fungi. Most 
problems related to these contaminants involve prolonged feed intake at low levels 
of contamination. This study investigated the occurrence of NIV and Deoxynivalenol 
(DON) in wheat flour in flour factories in Khuzestan Providence, Iran. 

Methods: In total, 104 samples were collected in this study. An acetonitrile/water 
mixture (84:16, v/v) was used to extract the samples. The extracts were filtered and 
purified using a Whatman No. 4 paper and MycoSepTM 227 column. Then, they were 
evaporated to dryness at 40˚C under a nitrogen stream. After dissolving the dry residue 
in the mobile phase, containing a mixture of methanol, acetonitrile, and water (5:5:90, 
v/v/v), the contents of NIV and DON in the samples were measured in High-Performance 
Liquid Chromatography (HPLC) system with a column C18 (150 mm×4.6 mm ID, 5 µm) 
and a UV detector (220 nm). 

Results: The results showed that among 104 wheat flour samples, 28 (26.8%) and 54 
(51.9%) samples were contaminated with NIV and DON, respectively. The mean and 
maximum concentrations were 118.75 and 2278 ng/g for NIV, and 593 and 67.88 ng/g 
for DON, respectively. 

Conclusion: Based on the findings, DON and NIV had significantly lower concentrations 
than the maximum tolerated level (1 µg/g), established by the Institute of Standards and 
Industrial Research of Iran. Therefore, there were no health risks for consumers at the 
studied contamination levels.
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1. Introduction

heat is known as an essential product 
for humans. It is the most consumed 
agricultural product. Various micro-
organisms, especially fungi, can con-
taminate wheat in fields or barns [1]. 
Trichothecenes are secondary fun-

gal metabolites that can often infect products, such as 
wheat, corn, barley, sunflower seed, and sorghum dur-
ing the colonization of Fusarium [2]. Under appropriate 
conditions, fungus-producing toxic trichothecenes are 
saprophytes and or plant pathogens that can contaminate 
plants and agricultural products. Therefore, no doubt 
that trichothecenes are present in nature, and inevitably, 
humans and animals are exposed to foods contaminated 
with these fungal toxins. 

The widespread presence of fungus-producing tricho-
thecenes in cereals, animal foods, and vegetables indi-
cates the importance of these metabolites as one of the 
most important mycotoxin groups or natural toxins [2-4]. 
Deoxynivalenol (vomitoxin, DON) and Nivalenol (NIV) 
are classified as type B trichothecenes with similar tox-
icities [5, 6]. The natural presence of NIV and DON in 
wheat flour, popcorn, and commercial human food has 
been recorded in Japan and other countries [7]. Fusarium 
Head Blight (FHB) is one of the most serious diseases in 
cereals (wheat) and maize, caused by changing weather 
patterns and modern agricultural methods, and is respon-
sible for tremendous damage worldwide. This disease is 
caused by trichothecene mycotoxins, especially DON 
and NIV, produced by Fusarium graminearum and Fu-
sarium culmorum [6].

Animal toxicological studies on DON and NIV show 
that mycotoxins can prevent the synthesis of proteins, 
RNA, and DNA and cause neurotoxicity and immuno-
toxicity in mammals. While acute exposure to DON 
and NIV can induce vomiting in pigs, chronic expo-
sure may lead to delayed growth and reproductive and 
immune system disorders. The potential effects of this 
toxin on humans have been shown, especially in epide-
miological studies from China, to cause gastrointesti-
nal symptoms, vomiting, diarrhea, and immune system 
dysfunction [8, 9]. Although DON and NIV lethality 
is considered negligible for trichothecenes, reports of 
contamination with these toxins have continuously 
risen over the past 10 years and have become an issue 
for food industries [10].

For the protection of animal and human health, regula-
tory limits have been established for DON in food and 

feed by at least 37 countries, while there are no regu-
latory limits for NIV. However, this mycotoxin is also 
found with DON in contaminated cereals [5, 6]. Based 
on a risk assessment by the Scientific Committee of the 
European Commission, a temporary Tolerable Daily In-
take (TDI) has been established for NIV and DON (0.7 
and 1 µg/kg BW/day, respectively) [5]. Also, according 
to the Institute of Standards and Industrial Research of 
Iran (ISIRI), the maximum tolerated level is 1000 µg/kg 
for DON in wheat flour [11].

Ahvaz City is located in the Southwest of Iran and 
is the capital of Khuzestan Province, with a common 
border with Basra Province in Iraq and the Persian 
Gulf. Due to particular climatic conditions, such as high 
temperature and humidity in Khuzestan Province, the 
production of these toxins is highly probable [12, 13]. 
Constant monitoring of the level of these natural pol-
lutants in food products for the consumption of humans 
and animals is a necessary step to reduce the risk of 
mycotoxins. By keeping the level of toxins within the 
permissible limit, their consequences for human and 
animal health can be prevented.

No information is available on the content of NIV and 
DON in wheat flour produced by factories in this area. In 
this study, regarding the common consumption of bread 
among citizens, DON and NIV mycotoxins were mea-
sured in wheat flour from flour mills in Ahvaz by the 
HPLC method. The mean values were compared with 
the permissible limit specified by ISIRI [11], and the 
daily intake limit by the European Union [7] for these 
toxins was determined. This study aimed to evaluate the 
occurrence of Nivalenol and Deoxynivalenol in wheat 
flour in flour factories in Khuzestan Providence, Iran

2. Materials and Methods 

Chemicals

HPLC grade solvents, including deionized water, 
methanol, and acetonitrile, were used in the experiments. 
Sigma (St. Louis, USA) supplied NIV and DON stan-
dards. After dissolving the standards in acetonitrile at 0.1 
mg/mL as a standard stock solution, they were stored at 
-20˚C. Romer Labs Inc. (USA) also provided the Myco-
sepTM 227 columns. The paper filter (Whatman No. 4) 
was obtained from Whatman (Maidstone, UK).

Samples 

A total of 104 samples were collected from the re-
gion factories (Khuzestan, Ahvaz, Mahzyar, and Jonob 
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flour mill factories). Overall, 26 composite wheat flour 
samples (10 grab samples) were collected from each 
factory and sent to the toxicology laboratory of the 
Toxicology and Pharmacology Department, Pharmacy 
School, Ahvaz Jundishapur University of Medical Sci-
ences. Until further analysis, the samples were kept 
under proper conditions.

Apparatus

In this study, we used a 10ADvp HPLC system (Shi-
madzu, Japan), consisting of an LC-10ADvp pump 
(Shimadzu), RF-10AXL UV detector (Shimadzu), 
DGU-14A Degasser (Shimadzu), SCL-10Avp system 
controller (Shimadzu), and FCL-10ALvp flow controller 
(Shimadzu) in the isocratic mode with the LC-Solution 
software. Capital Co. (England) provided the column 
(4.6×150 mm), which contained silica particles and was 
modified by octadecylsilyl groups (diameter, 4 µm). 

Extraction and Clean-up

For this purpose, after pouring the mixture of aceto-
nitrile and water (100 mL; 84:16, v/v) into the wheat 
flour sample (25 g), they were mixed for 3 min. Then, a 
Whatman No. 4 paper was used to filter the extract, and 
a MycosepTM 227 column was used to purify the filtrate 
(8 mL) in line with the manufacturer’s instructions. Af-
ter adding 4 mL of the purified extract to another tube, 
it was evaporated to dryness at 40˚C under a nitrogen 
stream. Then, 50 µL of the dry residue mixed in the mo-
bile phase (0.4 mL) was injected into the HPLC system. 

Quantitative Analysis

In the chromatograms, NIV and DON peaks were de-
termined by comparing their retention time with the cor-
responding standards, quantified by the HPLC system 
with a UV detector (220 nm) and a column C18 (150 
mm×4.6 mm ID, 5 µm). During the process, the column 
temperature was kept at 40˚C. Also, at a flow rate of 1 
mL/min, a mobile phase of acetonitrile, methanol, and 
water (5: 5: 90, v/v/v) was used. 

NIV and DON content was quantified by measuring 
the peak areas corresponding to NIV and DON in com-
parison with the combined NIV/DON working standard 
solutions in the calibration curve (4, 2, 1, 0.5, 0.25, and 
0.125 µg/mL with correlations (r) of 0.9999 and 0.9999 
for NIV and DON, respectively). In volumetric flasks to 
perform recovery, appropriate volumes of standard so-
lutions of NIV and DON were added to spiking blank 
wheat flour at 0.25, 1, and 2 µg/g (six repeats for each 

level). The clean-up procedure was followed as dis-
cussed above.

Estimation of Dietary Intake of NIV and DON

The following formula was calculated to measure the 
estimated daily intake (EDI; ng/kg BW/day) [14]: 

EDI=(essential daily food intake, g/d)×(mean contami-
nation, ng/g)/kg body weight.

According to a survey from Iran, the average wheat 
flour consumption is 416 g per person each day [15].

Data analysis

Data are presented as Mean±SD and examined in 
SPSS software v. 20. Differences in the mean concen-
trations of NIV and DON and the maximum permitted 
limit of 1 µg/g were calculated by a 1-sample test. The 
Kolmogorov-Smirnov normality test was done if vari-
ables are normally distributed.

Because the distribution of data was not normal, the 
nonparametric tests of Kruskal-Wallis and Mann-Whit-
ney were used to compare the mean concentrations of 
NIV and DON between different factories of wheat flour. 
P<0.05 was considered statistically significant.

3. Results 

According to the chromatograms, the Retention Time 
(RT) values of NIV and DON are respectively 6.08 
and 11.73 min (Figure 1). The natural concentration of 
NIV and DON in 104 wheat flour samples is shown in 
Table 1. NIV was detected in 26.8% (n=28) of the sam-
ples at concentrations of 0-2278 µg/kg (mean=118.75 
µg/kg), while DON was found in 51.9% (n=54) of the 
samples at 0-593 µg/kg (mean=67.88 µg/kg). Based 
on the findings, the limits of detection and quantifica-
tion (LOD and LOQ, respectively) were 10 and 37.5 
µg/kg, respectively.

Table 2 indicates the Mean recovery, as well as the 
relative SD (RSD %) for the analytical method of NIV 
and DON content in wheat flour. All recoveries for 
NIV and DON were above 88.3% and 90.5%, respec-
tively, suggesting the high accuracy of this method. 
Figure 2 shows the chromatogram of the spiked wheat 
flour sample (2 μg/mL for NIV and DON). The ISIRI 
maximum tolerated level (1 µg/g) was significantly 
higher than the mean concentrations of NIV and DON 
in the samples (P<0.001). 
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Using the Kruskal Wallis test, comparing the mean 
DON contamination level in industrial samples showed 
no significant difference among factories (P>0.05), 
while a significant difference was found for NIV. Based 
on the Mann-Whitney test, differences were found be-
tween Ahvaz, Jonob, and Mahzyar factories, while other 
factories showed no differences. The EDI of NIV and 

DON in wheat flour was 0.705 and 0.403 µg/kg BW/day, 
respectively (Table 3).

4. Discussion

Several methods and approaches have been designed 
to measure NIV and DON content in different agricul-
tural commodities [10]. However, there is no available 

Table 1. Descriptive statistics of Nivalenol (NIV) and Deoxynivalenol (DON) concentration in investigated samples

Factories Mycotoxin Type No. No.(%) Max, ng/g Mean±SD (ng/g)

Jonob Flour
DON 26 17(65.4%) 593 78.34±117.45

NIV 26 3(11.5%) 186 18.61±53.18

Khuzestan Flour
DON 26 10(38.5%) 147 36.34±51.77

NIV 26 6(23.1%) 2278 199±566.54

Ahvaz Flour
DON 26 16(61.5%) 378 76.96±90.72

NIV 26 13(50%) 1559 214.28± 409.03

Mahzyar Flour
DON 26 11(42.3%) 536 79.88±127.04

NIV 26 6(23.1%) 248 42.61±84.17

Factories Total
DON 104 54(51.9%) 593 67.88±101.24

NIV 104 28(26.8%) 2278 118.75±358.98

Table 2. Recoveries and RSD for NIV and DON from spiking into one of the wheat flour samples (n=6)

Sample Mycotoxin Type Level (µg/mL) Mean±SD (%) RSD (%)

Wheat flour

DON

0.25 90.5±3.5 3.95

1 92.9±2.9 3.19

2 95.8±3.6 3.83

NIV

0.25 88.3±2.9 3.36

1 93.1±4.45 4.88

2 94.24±4.34 4.7

Table 3. EDI of NIV and DON from wheat flour to body weight (Assuming 70 kg)

Sample Food Mycotoxin Type Amount (g/d) Flour (ng/g) Estimated Daily Intake (µg/
kg bw/d)

Wheat flour
NIV 416 118.75 0.705

DON 416 67.88 0.403
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technique for determining these mycotoxins in wheat 
flour, using HPLC with MycoSep column clean-up in 
Iran. This study confirms that using MycoSep column 
clean-up before HPLC-UV is a suitable method for 
quantification of NIV and DON in wheat flour. The re-
sults indicated that the concentration of DON in all the 
investigated samples was below the maximum tolerated 
level by ISIRI and is safe for human consumption [11].

Our findings showed that the mean and maximum level 
of DON contamination in wheat flour samples was lower 
than the numbers reported in several studies [1, 16, 17].

Tunisia, Bensassi et al. reported DON concentrations of 
7200 to 54000 µg/kg in wheat flour (n=65; 83% positiv-

ity) [16]. In addition, Pinto et al. found 300-70000 µg/kg 
of DON in wheat samples from Argentina (n=19; 78.9% 
positivity) [1]. Li Cui et al. also reported DON levels of 
259-4972 µg/kg in China (n=50; 89.3% positivity) [17].

According to LOD, the analytical performance in our 
study was lower than or similar to other studies [17-19].

Exposure assessment is an essential component in 
the risk evaluation of chemical compounds. Long-term 
exposure to low concentrations of mycotoxins through 
diet can cause health problems [20]. Considering the re-
sults of this study for NIV and DON contamination in 
the samples, the estimated daily exposure to wheat flour 
was 0.705 and 0.405 µg/kg bw/d in average consumers, 

Figure 2. High-performance liquid chromatography-UV chromatogram of spiked wheat flour sample with 2 μg/mL for niva-
lenol and deoxynivalenol

Figure 1. High-performance liquid chromatography-UV Chromatogram of 2 µg/mL nivalenol and deoxynivalenol standard solution

Nazari Khorasgani Z. et al. Nivalenol and Deoxynivalenol in Wheat Flour Factories. IJMTFM. 2022; 12(3):1-8

Summer 2022, Volume 12, Number 3



6

respectively. These contamination levels are below the 
standards for wheat flour consumption (0.7 and 1 µg/
kg bw/d). At this level of contamination, there were no 
health risks for consumers [21].

Climate majorly influences wheat contamination with 
Fusarium graminearum and Fusarium culmorum [22]. 
Considering the tropical conditions of Khuzestan, the 
wheat harvest season begins mainly from late April and 
early May (rainy season). Fusarium graminearum and 
Fusarium culmorum attack before harvest, and farms are 
consequently exposed to FHB disease and the natural 
occurrence of these toxins. Therefore, there is a need to 
monitor different climatic conditions; this might be one 
of the reasons for low to average concentrations of these 
toxins in the present study. 

5. Conclusion 

Based on the findings, in wheat flour samples, the mean 
DON and NIV concentrations were significantly lower 
than the ISIRI maximum threshold (1 µg/g). Therefore, 
at these contamination levels, consumers were not ex-
posed to any health risks.
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