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Abstract: Background: Aflatoxins (AFs) as toxic compounds are widely spread. They are frequent
contaminants of crops that are produced by fungi species. Corn is of crops that widely used in the corn
dry milling process; a four-step procedure comprises grain handling and milling, liquefaction and
saccharification, fermentation, and co-product recovery that produces ethanol and animal feed.
However, it is possible that corn as a feed for dry milling process might be contaminated with AFs.
Therefore, monitoring AFs in during widespread this process results having a better understanding
of the fate of AFs. Methods: In this study, a sample of corn kernel was contaminated with a high
level of AFs using Aspergillus parasiticus. Then, the corn flour comprising 23400.5 pg/kg of the total
level of aflatoxins (AFT), was hydrolyzed by enzymes and acid for ethanol fermentation with Sac-
charomyces cerevisiae. Also, the level of AFs was monitored during ethanol fermentation process.
Results: The results showed that AFs did not detect in the ethanol produced through fermentation
and it was safe. Also, during the experiments, the AFT level reduced by 58.5 and 95.7% for the
ethanol fermentation with simultaneous saccharification and fermentation and ethanol production
with acidic hydrolysis, respectively. Conclusion: The results of this study showed that highly con-
taminated corn with AFs can be used for ethanol fermentation through dry milling process and the
produced ethanol was safe.
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1. Introduction

Mycotoxins as toxic secondary metabolites are included in over 300 chemical com-
pounds. They are frequent contaminants of crops e. g., corn kernel, and tree nuts and fruits
(1). Mycotoxins are produced by fungi species, which due to their thermo stability can
remain present in food and crop commodities even after removing the fungus (2). Among
mycotoxins, aflatoxin is a potent mycotoxin that is naturally produced from a number of
fungi species e. g., Aspergillus species (3).

The four major aflatoxins (AFs) i. e., aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), afla-
toxin G1 (AFGL1), and aflatoxin G2 (AFG2), are of great importance owing to the pose a
considerable risk to human health and widespread occurrence (4). In addition, AFB1 is
considered one of the most potent naturally produced carcinogens that are labeled as
group 1 of carcinogenic compounds to humans by the International Agency for Research
on Cancer (IARC) (5). In a putative pathway of carcinogenicity, AFB1 in cytochrome P450
is metabolized to AFB1-8-9-epoxide, and then covalently reacts with DNA (6). Therefore,
the level of aflatoxins in food is regulated in more than 100 countries. For instance, the US
Food and Drug Administration (FDA) has set the maximum allowable level of 20 ug/kg
of the total concentration of aflatoxins (AFT) for all foods intended for human consump-
tion (7). Also, the Food and Drug Administration of Iran (IFDA) defined a maximum level
of 5 ug/kg for AFB1 and 15 ug/kg for an AFT in crops (8).

Numerous studies have reported corn and corn flour contamination with AFs in Iran.
For instance, (9) monitored the amount of AFB1 in corn samples from 2006 to 2008 in dif-
ferent regions of Iran i. e., Fars, Khuzestan, and Ardabil province in Iran. The authors
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found that the average AFB1 contamination was 0.9, 2.12, and 36.39 ug/kg for Fars; 14.41,
35.93, and 1.61 pg/kg for Khuzestan; 15.63, 57.67, and 154.13 ug/kg for Ardabil province.
In another study, (10) collected corn samples, aimed at animal feed and human consump-
tion, from Kermanshah and Mazandaran provinces, Iran, which were analyzed using
high-performance liquid chromatography (HPLC) for monitoring AFs contamination. In
this regard, the authors reported that AFB1 was detected in 58.3% of the corn samples
obtained from Kermanshah province. The maximum detected level of AFB1 and total
level of AFs (AFT) contamination were 276.3 pg/kg and 316.9 pg/kg, respectively. Also,
the average level of AFT from contaminated samples was 52.60 pig/kg which exceeded all
the maximum permitted levels regulated for AFT.

On the other hand, corn is widely used in the dry milling process to produce products
for human consumption and animal feed. Corn dry milling is a four-step procedure that
comprises grain handling and milling, liquefaction and saccharification, fermentation,
and co-product recovery. In this regard, Ground corn is cooked and liquefied to dextrins,
then dextrins are hydrolyzed into fermentable sugars using the saccharification process.
During fermentation, the fermentable sugars by means of microorganisms such as saccha-
romyces cerevisiae are converted to ethanol and carbon dioxide (11). Also, it should be noted
that the fermentation and hydrolysis process can take place separately, separate hydroly-
sis and fermentation (SHF), or simultaneously, known as simultaneous saccharification
and fermentation (SSF) (7,12). Also, distiller’s dried grains with solubles (DDGS) are a co-
product of dry-milled ethanol production and can be used as animal feed (13). Moreover,
as we know, AFs are transferred and accumulated into different body parts after con-
sumption and pose a major threat to human health as these toxins play a major role in a
number of health problems e. g., cancer, blood, and nerve defects (14). Therefore, it is nec-
essary to monitor and determine the distribution of AFs in the product of the corn dry
milling.

Therefore, this study aimed to contaminate a sample of corn with a high level of AFs
using Aspergillus parasiticus and evaluate the fate of AFs during fermentation of corn using
Saccharomyces cerevisiae under both enzymatic and acidic hydrolyses process of starch,
based on corn dry milling process.

2. Material and Methods
2.1. Microorganism, growth medium, and chemical

Aspergillus parasiticus PTCC 5286, capable of producing four major AFs from Iranian
Research Organization for Science and Technology (IROST), and Saccharomyces cerevisiae
from Razavi Yeast Company, Iran, were prepared. Potato dextrose agar (PDA) (Merk,
Germany) was used to maintain cultures. Also, corn was purchased from a local store in
Tehran, Iran. In this study the commercial thermo-stable a-amylase, Termamyl® 120L
(Novo Nordisk A/S, Bagsvee rd, Denmark) obtained from Bacillus licheniformis was used
for liquefaction. The activity of this enzyme was 120 KNU g'. 1 KNU is the amount of
enzyme responsible for 5.26 g of starch degradation per hour (Merck, Amylum soluble
Erg B 6, Batch 9947275). Moreover, for the saccharification, the commercial enzyme mix-
ture, SAN Super 240L (Novo Nordisk) was applied. This enzyme consists of the a-amylase
Fungamy® (1,4-aD-glucanohydrolase EC 3.2.1.1) from Aspergillus oryzae, and the am-
yloglucosidase, AMG (Exo-1,4-a-D-glucan, glucanohydrolase, EC 3.2.1.3) from Aspergillus
niger. The activity of SAN Super 240L was 240 AGU mL- where 1 AGU is equal to the
amount of enzyme hydrolyzing 1 pmol maltose min-.

2.2. Aflatoxin production

After the cultivation of A. parasiticus, it was transferred into a sprayer containing 0.5
L of autoclaved water, then sprayed on 1000 g corn kernels that were placed in a chamber
(10 L). The chamber was placed in a dark place for 20 days, and temperature was set at 24
°C.
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2.3. Corn Grinding

To produce ethanol through fermentation, firstly, corn kernels were ground. Then,
the powder was sifted by two successive sieves (with mesh sizes of 250 and 53 pm). As a
result, corn flour and corn barn obtained that their AFs content was evaluated. Also, the
collected powder after sieving, corn flour, was used to prepare a 20% v/w solution that
was used as the stock solution for further processes.

2.4. Hydrolysis

For carrying out enzymatic hydrolysis, first, a-amylase Termamyl (200 mm? en-
zyme/kg corn flour) was added to the stock solution, then, the solution was heated up to
105 °C for 5 minutes, and subsequently, the temperature decreased to 80 °C for 120
minutes. Afterward, SAN Super 240L, (1 mm=? SAN Super/g total starch), was added to
the solution. Finally, at room temperature, the solution was cooled. Also, it should be
noted that in the SSF the enzymatic hydrolysis can take place in the next 24 to 48 h.

Also, for acidic hydrolysis, at first, 0.25 M of sulfuric acid was added to the stock
solution, and pH of the solution reduced to about 1. Then, a temperature of 121 °C was
applied for 20 minutes. Thereafter, the solution cooled at room temperature, and NaOH
solution (2 N) was used to reach a neutral pH of 5-5.5.

2.5. Fermentation and Distillation

For fermentation, the yeast was added to the hydrolyzed solutions, 0.1% w/v, and the
solutions were placed in a shaker incubator for 2 days, while pH, temperature, and rota-
tion speed were 5-5.5, 32 °C, and 150 rpm, respectively. Then, the entire solution was fil-
tered using Whatman filter paper. Also, to separate ethanol from fermented solution, a
distillation process was carried out, while temperatures ranging from 80-85 °C. As aresult,
the experiment ended up having three components of distillery spent wash, distillate, and
post-fermentation solids, which their AFs content was evaluated (Fig 1).
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Figure 1. The procedure of assessing the fate of aflatoxins during contaminated corn fermentation.

2.4. Aflatoxins analysis by HPLC method

The level of aflatoxin contamination of samples was measured using the high-perfor-
mance liquid chromatography (HPLC) method Shimi Darou Kowsar laboratory. For AFs
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measurement a protocol (6872) based on the Institute of Standards and Industrial Re-
search of Iran (ISIRI, 6872) was applied. The AFs content of samples was determined by a
reversed-phase symmetry C18 column (150 mm of length, 4.6 mm of i.d., and 3 um particle
size) supplied by GL Sciences Inc. (Tokyo, Japan) accompanied by an immunoaffinity col-
umn clean-up (ISIRL, 6872). In this study, Waters Alliance blue e2695 separations module
(Waters, USA) as the HPLC system accompanied by a fluorescence detector 2475 (Waters,
USA) was used to analyze AFs. Also, water: acetonitrile: methanol in a ratio of 6:2:2 (v/v)
was used as the mobile phase. The flow rate was 1 mL min-!. The concentration of calibrant
solutions for AFB1 and AFG1, and AFB2 and AFBG2 were 0.4 to 3.6 and 0.08 to 0.72 ng
mL-1. The retention time for AFs was in the range of 10-18 min.

3. Result
3.1. Corn grinding and Aflatoxin distribution

With a grinding of the corn, corn flour was obtained. In this regard, the whole level
of AFT in the corn flour was 23400.5 ug/kg. This result showed the Corn flour comprised a
high level of AFT contamination (23400.5 pg/kg) due to the growth of A. parasiticus. Also,
for the corn flour, the major part of AFs contamination was contributed to AFB1 and
AFGI, concerning 10504.5 and 11848.8 ug/kg, respectively (Table 1).

Table 1. The level of AFs for the products of contaminated corn grinding.

The total value of AFs (ug/kg)
AFB1 AFB2 AFGl1 AFG2 AFT
Corn flour 10504.5 508.1 11848.8 539.1 23400.5

Sample

3.2. Ethanol Fermentation with SSF

Table 2 shows the distribution of AFs in the fermentation process with enzymatic
hydrolysis using S. crevasse. In this context, the highest level of AFs, concerning AFB1,
AFB2, AFG1, and AFG2 observed in distillery spent wash that was equal to 1960.4, 210,
3890.4, and 329.5 ug/kg, respectively. Also, AFs contamination, concerning AFB1, AFB2,
AFG1, and AFG2, was not detected in the distillate.

Moreover, post-fermentation solids with 3328.7 ug/kg of AFT were the second reser-
voir of AFs in this experiment. This phenomenon was probably due to the adsorption of
AFs to the S. crevasse biomass and particles related to corn flour in the post-fermentation
solids (15,16).

For the ethanol fermentation with the enzymatic hydrolyzed process, it was observed
the contamination level of AFs was slightly lower relative to the initial sample, corn flour.
In this respect, the initial sample showed a contamination level of 10504.5, 508.1, 11848.8,
539.1, and 23400.5 pg/kg for AFB1, AFB2, AFG1, AFG2, and AFT, respectively, while the
total value of AFB1, AFB2, AFG1, AFG2, and AFT in three components of fermentation
process was equal to 3668.6, 254.4, 5437.9, 358.1, 9719 ug/kg, respectively. Therefore, 58.5%
of initial AFT was reduced during this experiment which was probably due to AFs deg-
radation or conversion to other AFs derivatives as a result of hydration (17).

Table 2. The level of AFs for ethanol fermentation with the enzymatically hydrolyzed sample.

Concentrations of AFs (ug/kg)

Sample AFB1 AFB2  AFGl1 AFG2 AFT
Distillery Spent Wash 1960 4 210 3890.4 3295 6390.3
Post-Fermentation 1708.2 444 15475 28.6 3328.7
Solids
Distillate ND ND ND ND ;

*ND: not detected
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3.3. Ethanol Fermentation with Acidic Hydrolysis

Table 3 shows the distribution of AFs for the fermentation process of acidic hydroly-
sis using S. crevasse. In this regard, similar to enzymatic hydrolysis, the maximum level of
AFT was contributed to the distillery spent wash, equal to 539.2 ug/kg, while the post-
fermentation solids and the distillate comprised an inferior level of levels of AFT. In this
regard, post-fermentation solids concerning 459.7 ug/kg, and the distillate did not contain
any contamination.

Moreover, for the ethanol fermentation with the acid hydrolysis process, the contam-
ination level of AFs was significantly lower compared to the initial sample, cornflour.
Consequently, the total value of AFB1, AFB2, AFG1, AFG2, and AFT in the three compo-
nents of the fermentation process was equal to 37.4, 461, 52.8, 447.7, 998.9 ug/kg, respec-
tively. However, the initial sample showed a contamination level of 10504.5, 508.1,
11848.8, 539.1, and 23400.5 pg/kg for AFB1, AFB2, AFG1, AFG2, and AFT, respectively.
Therefore, ethanol fermentation with the acidic process reduced the level of AFT up to
95.7%.

Table 3. The level of AFs for ethanol fermentation with the acidic hydrolyzed sample.

Concentrations of AFs (ug/kg)

Sample AFB1 AFB2 AFG1 AFG2 AFT
Distillery Spent Wash  19.6 216 314 2722 539.2
Post-Fermentation 17.8 245 214 1755 459.7
Solids
Distillate ND ND ND ND ND

*ND: not detected

4. Discussion

The dry milling is a widespread process that make it possible to obtain products such
as ethanol and the DDGS from corn. For such process, it is required to grind corn kernel
and convert starch into fermentable sugars for microorganisms. However, it is possible
that corn may be contaminated with AFs that are problematic to humans. Therefore, this
study, evaluated the distribution of AFs during the ethanol production from contami-
nated corn using dry milling process. In this regard, not only ethanol, but also post fer-
mentation solids like DDGS, as animal feed, should be investigated.

The result of this study showed that AFs level in ethanol produced with SSF process
or acidic hydrolysis was insignificant and the contamination level of distillate was consid-
erably lower than the permitted level determined by IFDA for AFB1 (5 pg/kg) and AFT
(15 pg/kg. Also, the post fermentation solid was contaminated with a high level of AFs,
higher the level of determined by IFDA, therefore, its consumption as animal feed can
pose a great threat. Also, the result showed that during ethanol production with either
SSF process or acidic hydrolysis, the level of AFs significantly reduced, concerning 58.8%
and 95.7%, respectively. The high level of AFs reduction for ethanol production with
acidic hydrolysis was probably due to the combined effect of sulfuric acid (0.25 M) and
heat (121 °C for 20 min). This result is comparable with some previous studies. For exam-
ple, (18) reported that treating rice samples containing AFT concentrations of <30 and >30
ug/kg with citric acid (1 N, 3 ml g of contaminated rice) for 15 min reduced AFT concen-
tration significantly to 100 and 97.22%, respectively. In another study, (19) evaluated the
effect of 18 different chemicals including sulfuric acid on AFB1, AFB2, AFG1, and AFG2
in black and white pepper samples (100 g). In this study, the authors did soak samples in
2% concentration of sulfuric acid for 120 min, while AFB1 and AFG1 were at two concen-
trations of 30 and 60 ug/kg, and AFB2 and AFG2 at two levels of 9 and 18 ug/kg were
used. It observed that treatment with sulfuric acid under ambient temperature resulted in
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mean reductions of 22.3 +6.3,17.5+4.8,22.8 + 3.6, and 22.2 + 4.4% for AFB1, AFB2, AFG1,
and AFG2, respectively.

5. Conclusion

The results of this study showed that highly contaminated corn with aflatoxins can
be used for ethanol fermentation through dry milling process and the produced ethanol
was safe. However, post fermentation solids like DDGS are not safe as animal feed. Also,
the results showed that corn flour dry milling was capable of degradation of aflatoxins
without further aflatoxins detoxification.
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