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ARTICLE INFO ABSTRACT

Received: Aflatoxin is one of the most dangerous mycotoxins produced under favorable conditions of relative
03t Jun 2017 humidity and high temperature by Aspergillus funguses. It rapidly disperses in the environment and

Accepted: causes a lot of damage to the food. Various microorganisms, including different types of Lactic
29t Nov 2017 Acid Bacteria, are capable of binding mycotoxins, such as Aflatoxins. Lactic Acid Bacteria are

. . bound to the mycotoxins by polysaccharide and peptidoglycan components presenting in the cell
Available online: wall, and lead to detoxicity and excretion of them. In the present study, Coumarin, due to its

14t Dec 2017 chemical structure similar to Aflatoxin, was used to isolate the bacteria with the ability to bind to
mycotoxins. 20 isolates of lactobacillus were isolated and purified using the enrichment and serial
dilution techniques in the MRS(de Man, Rogosa and Sharpe) media. The ability of these isolates to
bind to the Coumarin was evaluated using a spectrophotometer. Based on microscopic observations
and biochemical tests, these isolates were classified as Lactic Acid Bacteria. 3 of 20 Lactic Acid
Bacteria isolates had the highest ability to reduce 50 ppm of Coumarin after a week. The isolate
Entrococcus faecium 2 showed the highest percentage of reduction in Coumarin (%19.6) than other
isolates and the isolates E. faecium 1 and E. casseliflavus can reduce the Coumarin as much as %14
after a week. By examining Non-living biomass of bacteria, Non-living of the isolate E.
casseliflavus showed the highest percentage of reduction in the Coumarin than other isolates. In
addition, the isolates E. faecium 1 and E. faecium 2 reduced the Coumarin as much as %14 after a
week. Based on 16S rDNA gene sequencing of the isolates with the ability to reduce Coumarin,
two isolates of E. faecium and one isolate of E.casseliflavus were identified. Based on the results,
it was observed that the samples collected from livestock and poultry farms can be a suitable source
for isolating the bacteria which have the capability of decomposing mycotoxins in the environment,
since these bacteria present in the digestive system of livestock and poultry, they can be used in the
diet of them in order to reduce mycotoxins.
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Introduction

Mycotoxins are of secondary metabolites of molds (alternaria, claviceps, penicilium, aspergillus, fusarium) and produced in
reaction to stress conditions such as heat, cold and lack of oxygen and lead to contamination of food and feed [21]. The United
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States Food and Agriculture Organization has reported that 25 percent of feeds of livestock and poultry are contaminated by
mycotoxins and annually, it causes 1 billion dollars losses to livestock and poultry farms in the world [5]. In terms of public
health and agriculture, the most important mycotoxins are including aflatoxin, trichothences, fumonisins, zearalenon,
ochratoxin, patulin [5]. Fungal toxins (mycotoxins) existing in food cause serious problems in the health of humans and animals
[3]. The main organ attacked by mycotoxins is liver. In human, they causes severe liver disorders and in animals, they cause
disorders in digestive system, prevent the immune system's activity, reduce reproduction, increase the feed conversion ratio,
reduce the production of milk and eggs, cause anemia, jaundice and growth retardation [11]. These toxins are found in milk,
cheese, peanuts, corn, cottonseed, almonds, seasonings, figs, sorghum, dry bread and in various types of human and animal
feeds [1, 4, 15]. Different chemical, physical and biological methods are used to control Aflatoxin in food and forage [16, 21].
Since physical and chemical methods, in addition to high costs, have few effects on the control of Aflatoxin, today, researchers’
attention is drawn to the use of biological methods for the disposal of toxins and the maintenance of food quality [7, 13]. Among
microorganisms, bacteria are very diverse and can be easily separated from different environments, which is why they are a
good option to be used in biological systems against toxins [2]. Lactic Acid Bacteria are bound to the fungal toxins by
polysaccharide and peptidoglycan components presenting in the cell wall, and lead to detoxicity and excretion of them [11]. A
number of Lactic Acid Bacteria, including: Lb. Plantarum yo, Ib Plantarum mw, Ib Fermentum rs2, Lactobacillus fermentum
oyb Lb. Brevis and Lactococcus rs3, reduce Aflatoxin by inhibiting vegetative growth and sporulation of Aflatoxin producing
fungi [20]. Additionally, the bacterium Lb.rhamnosus gg have shown their high ability to absorb Aflatoxin B1 and increase
intestinal resistance in response to mycotoxins [1]. Investigations performed on Saccharomyces cerevisiae and Lactic Acid
Bacteria have shown that the mixture of these two microorganisms decreases the contamination in the food caused by these
toxins by absorbing mycotoxins through their compounds in the cell wall [22]. The results of the studies on the maize seeds
contaminated by mycotoxins showed that the strains of Lb. acidophilus, Lb. brevis, Lb. casei, Lb. delbruekii, and Lb. plantarum
Binding to the toxins of contaminated seeds and prevent their spread in the environment [17]. Also probiotic bacteria Lb.
Rhamnosus, Ib. Podococcus, Lb. Shermaniis and Lb. Freudenreichii orevent the spread of toxins by placing on the maize seeds
contaminated with fungal toxins [16]. The researchers have investigated the ability of lactic acid producing bacteria to absorb
AFBL1 in the digestive system of hens and showed the significant reduction in Aflatoxins due to the presence of these bacteria
[6]. The researchers have conducted studies on the binding mechanism of aflatoxin to Lb.rhamnosus. They concluded that the
main factor reducing Aflatoxins is their binding to sugary compounds, and some protein components of the cell wall of bacteria
[15]. In addition, the suggestions have shown that binding of AFBL1 to bacteria is a weak non-covalent bond, which is similar
to the hydrophobic connections exiting in the surface of bacterial [18,19]. If the probiotic microorganisms are used as food
supplement by animals, they can be excreted in the feces with toxins from the animals’ bodies by binding to Aflatoxins [8].
Method

In order to isolate the bacteria with the capability of binding to mycotoxins, the samples were collected from the livestock and
poultry farms located in the Mazandaran Province. MRS culture media was used for early screening of bacteria. Appeared
colonies were purified and then cultured in the MRS culture media containing Aflatoxin as the only carbon source. Biochemical
characteristics of the isolates were determined using conventional microbiological methods of gram and catalase tests and
classified as lactic acid bacteria. To determine the ability of binding to mycotoxins by isolated strains, certain amounts of
Coumarin were added to the liquid culture medium of each isolate and the specimens were kept at 37 ° C and after the end of
storage time, microorganisms were isolated by centrifugation and after extraction of surplus Coumarin using chloroform, the
amount of free Coumarin in the supernatant was measured using spectrophotometer at wavelength from 250 to 400 nm. 16S
rDNA gene sequencing was used to identify the molecular properties of the strains of bacteria. In order to extract the DNA of
the bacterial genome, CTAB method described by Sambroke was used. The results of sequencing were studied using BioEdit
Software. Sequencing accuracy was checked using the same software and the similarity of the 16S rDNA gene sequence was
performed for each isolate using the BLAST software in the NCBI database.
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Diagram 1: Standard curve of Coumarin, maximum absorption at the wavelength of 274nm in a concentration of 50 ppm of
Coumarin
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Diagram 2. Reduction in Coumarin by the live biomass of Lactic Acid Bacteria
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Diagram 3. Reduction in Coumarin by the Non-living biomass of Lactic Acid Bacteria
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Diagram 4. The binding capability of Biomass of strain E. Faecium NDL2 (upper curve: Absorption curve of 50ppm
Coumarin; lower curve: amount of Coumarin in the media of isolate E. faecium NDL2)
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Figurel: Electrophoresis of PCR products on 1% agarose gel, from left to right: first well of DNA Ladder (1500 bp), other
wells of PCR product of lactic acid-producing bacteria isolates

Results and discussion

72 colonies of soil specimens were isolated and purified and after early biochemical tests (Gram and Catalase), 20 isolates were
identified as Lactic Acid Bacteria. The morphology of the isolates on MRS culture media is as very fine to medium size white
colonies. Reduction in Coumarin was examined using biomass of Lactic Acid Bacteria. For each isolate, absorption of
Coumarin was determined at the wavelength of 274 nm. The amount of removal of Coumarin from the media was calculated
by substituting the absorbance number of each isolate in the equation obtained from the standard curve of Coumarin. The
standard curve of Coumarin was drawn based on the concentrations of 0, 10, 20, 30, 40 and 50 ppm of Coumarin (Diagram 1).
3 of 20 Lactic Acid Bacteria isolates showed the highest ability to reduce 50 ppm of Coumarin in 24, 48, 72 hours up to a week.
The isolate E. faecium 2 showed the highest percentage of reduction in Coumarin (%19.6) than other isolates (Diagram4) and
the isolates E. faecium 1 reduced Coumarin as much as %14. After a week, the isolate E. casseliflavus could reduce the
Coumarin as much as %14 (Diagram2). Non-living biomass of the isolate E. faecium 1could reduce the Coumarin as much as
%14 after a week (Diagram 3). Based on the studies on the reduction of Aflatoxin B1 by the bacteria E. faecium, it was reported
that these bacteria reduce 19 to 30 percent of Aflatoxin by binding to it. Also, in (9), 50 to 100 ppm of Aflatoxin was used in
the culture media of bacteria E. faecium and reduction in toxin as much as 17 to 27 percent was reported. Using genomic
bacterial DNA, the size of the 16S rDNA gene in the PCR reaction is approximately 1500 bp, as shown in Figurel. Based on
the results of the 16S rDNA gene sequencing, the isolates No. 20, 12 and 11 were identified of Enterococcus species and the
similarity of 16S rDNA gene sequences of these isolates with the sequence of registered genes found in the NCBI database was
99%.

References

1. Ali, T. Tugba, B., Refaat, W. Ismail, HB. (2010) Detoxification of aflatoxin Bland patulin by
Enterococcusfaeciumstrains. Int. J. Food Microbiol. 139:202-205.

2. Amal, s., hathout., soher, E. (2014) Biological detoxification of mycotoxins: a review. Springer-Verlag Berlin
Heidelberg and the University of Milan.



Amir-Hossein Nazhand et al, 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pharmacophore, 8(6S) 2017, e-1173211, pages 6

Bhar, R.V., Vasanthi,S. (2003) Mycotoxin food safety risk in developing countries. USA International FordPolicy
Research Institute.

Code of practice for the reduction of aflatoxin B1 in raw materials and supplemental feedingstuffs for milk producing
animals. CAC /RCP. 45-97.

CAST (2003). Mycotoxins: risk in plant, animal and human systems. Council for Agricultural Science and
Technology, Ames, lowa, USA.

El — Nezami, H., Mykkanen, H., Kankaanpaa, P., Suomalainen, T., Salminen, S., Ahokas, J (2000). Ability of a
mixture ofLactobacillus and Propionibacterium to influence the faecal aflatoxins contents in healthy Egyptian
volunteers. a pilot clinical study Bioscience Microflora 19, 41 — 45.

Galvano, F., Piva, A., Ritiene, A., Galvano, G. (2001) Dietary strategies to counteract the effects of mycotoxins:
review. J. Food Prot. 64:120-131.

Gratz, S., Mykkanen, H., EI — Nezami. (2005) Aflatoxin B1 binding by a Mixture of Lactobacillus and
propionibacterium . In Vitro versus Ex Vivo Journal of Food Protection, 2470 — 2474.

Gratz, s., Wu, Q., El — Nezami, H., Juvonen, R., Mykkanen, H., Turner, P, C (2007). Lactobacillus rhamnosus strain
GG Reduces aflatoxin Bl tranport , metabolism and toxicity in Caco — 2 Cells . Applied and
EnviromentalMicrobiology , Vol . 73 ,pp. 3958 — 3964 .

Haskard, c., Binnion, C., Ahokas, J. (2000) Factors affecting the sequestration of Aflatoxin by Lactobacillus
rhamnosus strain GG. Chemico — Biological Interactions 128, 39 — 49.

Hernandez-Mendoza., Garcia, A, H, S., Steele, J, L. (2009) Screening of Lactobacillus casei strains for their ability
to bind aflatoxin B1.

Hernandez — Mendoza et al. (2010) In vivo assessment of the potential protective effect of Lactobacillus Casei
Shirota against aflatoxin B1. Dairy sci. Technol 90, 729 — 740.

Jodie, A., Aflatoxin M1 in milk: Agriculture and Natural Resources. University of arkanas, United States Department
of agriculture and county goverments cooperating . FSA40 18 .

Kabak, B. (2009) The fate of mycotoxins during thermal food processing. Journal of the Science of Food and
Agriculture. Volume 89, Issue 4, pages 549-554.

Mahmoudi, R., Norian, R., Katiraee, F., Alamoti, M, R. (2013) Total aflatoxin contamination of maize produced in
different regions of Qazvin — iran. 20, 2901 — 2904.

Nakajima, M., Tabata, S., Akiyama, H., et al. (2004) occurrence of aflatoxin M1 in domestic Milk in japan during
the winter season. Food Addit Contam 5, 8 — 472.

Oluwafemi, F., Kumar, M., Bandyopadhyay, R., Ogunbanwo, T., Ayanwande., K, B. (2010) Biodetoxification of
aflatoxin B1 in artificially contaminated maize grains using Lactic acid bacteria. Toxin Reviews 29, 115 — 122.
Peltonen, K., El — Nezami., H, Haskard, C., Ahokas, J., Salminen, S. (2001) Aflatoxin B1 binding by dairy strains of
lactic acid bacteria and bifidobacteria. Journal of Dairy Science 84, 2152 — 2156.

Shetty., Jepersen, L. (2006) Saccharomyces cervisiae and lactic acid bacteria as potential mycotoxin decontamination
agents.Trends in food science and Technology . vol . 17.

Shima, J., Takase, S., Takahashi, Y., Iwai, Y., Fujimoto, H., Yamazaki, M., Ochi, K. (1997) Novel Detoxification of
the Trichothecene Mycotoxin Deoxynivalenol by a Soil Bacterium Isolated by Enrichment Culture. Applied and
Environmental Microbiology 63, 3825 — 3830.

Zjalic, S., Reverberi, M., Ricelli, A., Granito, V.M., Fanelli, C., Fabbri, A.A., (2006). Trametes versicolor: Apossible
tool for aflatoxin control. Int. J. Food Microbiol. 107, 243-249.

zinedine, A., Gonzalez — Onsaya, L., Soriano, J, M., Molto, J, C., Idrissi, L., Manes, J.(2007) Presence of aflatoxin
M inpasteurized milk from morocco. Int J Food Micro 114, 9 - 25.



