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ABSTRACT: Aflatoxin B; (AFB;) is one of mycotoxins leading to serious food contaminations and human diseases.
To solve these problems, biodegrading technique has been concerned. Previous researches showed that AFB; can be
effectively degraded by the culture supernatant of many microorganisms. However, the biodegraded products have
not been identified. In this study, to explore the structure of the products, the AFB; was degraded by the culture
supernatant of Cladosporium uredinicola. Two biodegraded products of AFB; were collected by high performance
liquid chromatography (HPLC) and analyzed by liquid chromatography quadruple time-of-flight mass spectrometry
(LC-Q-TOF MS) and chromatography-tandem mass spectrometry (MS/MS). As a result, the molecular weight of the
two products were 406 and 342, and the structure of the two products were inferred. The toxicity of the biodegraded
products was evaluated based on quantitative structure-activity relationship (QSAR) and cytotoxicity experiment. In
conclusion, the double bonds of AFB; had a high probability of being destroyed. The toxicity of the two biodegraded
products compared with that of AFB; was reduced. The culture supernatant of C. uredinicola was used as an effective

way to detoxify AFB;.
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INTRODUCTION

Aflatoxins (AFT) are polyaromatic mycotoxins that
are secondary metabolites of Aspergillus flavus and
Aspergillus parasiticus [1]. For its strongly toxic,
mutagenic and carcinogenic properties, aflatoxin B,
(AFB;) was classified as a group 1 carcinogen by
International Agency for Research of Cancer [2].
Many economic losses are caused by aflatoxin con-
tamination in food and feeds such as peanuts, maize
and milk [3-6]. Therefore, a suitable detoxication
method is imperative.

In terms of decontamination techniques, in con-
formity with Food and Agriculture Organization
(FAO) the requirements are as follows: the detoxifi-
cation method is supposed to guarantee the reduc-
tion of AFT without residual toxicity and guarantee
the nutritional values without modification of food
or feed properties [7]. Some physical and chemical
methods that have been evaluated to reduce AFB,
content can not be applied such as the addition
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of chemical oxidants in food and feed. Therefore,
biological manipulations for detoxification of AFB;
were concerned. For instance, to achieve detoxifi-
cation effect, AFB, is adsorbed by lactic acid bacte-
ria [8] and degraded by Rhodocococcus erythropolis
ATCC 4277, Streptomyces sp. and Lysinibacillus
fusiformis [9,10]. However, by microorganism ad-
sorption, the toxin can be reversible recovered, and
therefore detoxification is not complete. Biodegra-
dation has many advantages such as its efficiency,
non-pollution and non-hazard.

Previous researches on the degraded products
are contributed to the discovery of AFB; degra-
dation mechanism. In many detoxification cases,
degradation products were not found or reported.
For example, there were no degradation prod-
ucts to be detected by ESI-MS and LC-MS after
AFB; was degraded by the purified laccase from
Trameres versicolor [11]. The first AFB,; degradation
products was a compound with new flourescent
blue [12]. Since then, many products from AFB;
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degradation have been discovered and reported
such as Aflatoxicol [13-15], Aflatoxin B2a [16-
18], AFD,; [9,16], AFD, [9,19], Phthalic anhy-
dride [19] and AFB,-8,9-dihydrodiol [20]. Some
other biodegraded products need further charac-
terization. However, high degradation feasibility
does not represent the reduction of toxicity. For
example, AFB;-8,9-epoxide (carcinogenic form of
AFB,;) from the transformation of AFB,; in humans
by cytochrome P450 is more toxic than AFB; [21].

In previous study, we found AFB; was biode-
graded efficiently by culture supernatant of Cla-
dosporium uredinicola [22]. In this study, the
biodegraded products of AFB; reacting with the
culture supernatant of C. uredinicola were studied.
The biodegraded products were separated by HPLC.
The structures were deduced by LC-Q-TOF MS and
MS/MS. The toxicity of the biodegraded products
was evaluated using QSAR and cytotoxicity exper-
iment. The culture supernatant of C. uredinicola
was certified as an effective way to detoxify AFB,,
and this study will facilitate the mechanism research
about the biodegraded AFB, by C. uredinicola. This
will help to develop great potential of C. uredinicola
for food safety.

MATERIALS AND METHODS

Fungal strain, growth media and chemicals

C. uredinicola was collected in the China Center for
Type Culture Collection (CCTCC) with the patent
culture collection number: CCTCC M 2015181.
The strain was maintained on potato dextrose
agar (PDA) (Difco, Sparks, USA) and subcultured
monthly. A spore suspension was prepared from
a one-week-old culture at a concentration of 1.0 x
10° cfu/ml and used as inoculum for this research.
All incubations were done at 28°C. C. uredinicola
was proliferated in potato dextrose medium (PD)
(potato 200 g/l and dextrose 20 g/1) and fer-
mented in Czapek-Dox medium (sucrose 30 g/l,
NaNO, 2 g/l, K,HPO, 1 g/I, MgSO, 0.5 g/I and
FeSO,-7H,0 0.01 g/I). The standard sample of
AFB,; purchased from Fermentek (Jerusalem, Israel)
was dissolved in methyl alcohol. The hydrochlo-
ric acid was diluted to 0.5 mol/] by distilled wa-
ter. Analytical grade methyl alcohol was purchased
from Sigma (St. Louis, USA). Dichloromethane and
other chemicals mentioned above were analytical
grade from Sinopharm Chemicals Reagent Co., Ltd.
(Shanghai, China).
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Biodegradation of aflatoxin B,

A spore suspension of C. uredinicola (1 ml) was
added to 250 ml conical flask with PD medium
(50 ml) and proliferated for 34 h. Then, the cells
(11.25 ml) were transferred to 250 ml conical flask
with Czapek-Dox medium (75 ml) and fermented
for 36 h. The above process took place at 28 °C and
180 rpm on a shaking incubator (Zhicheng ZWY-
2102, Shanghai, China) with a rotational radius of
5 cm. After centrifugation (9408¢g, 10 min), the su-
pernatant was collected in a new 50 ml tube. The pH
of supernatant was adjusted to 7.0 by hydrochloric
acid (0.5 mol/l).

Five ug AFB; was incubated with 1 ml culture
supernatant at 37°C for 24 h. Following the in-
cubation, the residual AFB; and products were ex-
tracted by dichloromethane three times. Then, the
dichloromethane was evaporated in vacuum drying
oven (Jinghong D27-6090, Shanghai, China). Fi-
nally, the residual AFB; and products were dissolved
in 1 ml methanol for HPLC (Shimadzu LC-20AD
series, Japan) detection.

Collection and analysis of biodegraded products

The HPLC was performed on a 4.6 mm x 250 mm
5 um Shim-pack VP-ODS C,, column. The injec-
tion volume was 200 pl. The mobile phase was
methanol:water (4:6, v/v). The total run time was
60 min with flow rate of 0.7 ml/min.

The products collected by HPLC were in-
jected in to the LC-Q-TOF MS (Agilent 6224 LC-
MS, USA). Chromatography was performed on a
2.1 mm x 150 mm 5 pm Agilent extent C,; column.
The mobile phase was methanol:water (6:4, v/v).
The total run time was 30 min with flow rate of
0.2 ml/min. MS was performed with an Agilent
6224 ESI Q-TOE The operating conditions were as
follows: MS source voltage, capillary voltage and
skimmer was 3.5 kV, 150 V and 65 V, respectively.
The gas temperature was 350 °C with the flow rate
of 9 1/min. Collision gas was Nitrogen. MS spectra
were acquired in a full scan analysis within the
range of 100-1000 m/z using an extended dynamic
range and a scan rate of 1.4 spectra/s and by varying
collision energy with mass. The data were analyzed
by the Mass Hunter Workstation software.

The samples were further analyzed by
chromatography-tandem mass spectrometry
(MS/MS, AB SCIEX Triple Quad 4500, USA) with
the turbo spray ionization. All of the data have
been calculated by the Mass Hunter Workstation
software. In this way, the molecular formulae and
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elemental composition of degraded products of
AFB; can be predicted.

Cytotoxicity test

Human hepatocellular liver carcinoma cell line
(HepG2) was treated by the degraded products and
AFB;. The new dulbecco’s modified eagle media
(DEME) containing test samples (the products and
AFB,, 5 ug/ml) were added into wells. The DEME
was added into wells as control group. Each sample
was added into 5 wells. Then, the cells (10000
cells per well) were seeded into each well of 96-well
culture plate (Corning Inc., NY, USA) and incubated
at 37 °C for 12 h under 5% CO,, atmosphere. Follow-
ing the incubation, the images of cell morphology
were obtained by inversion fluorescence microscope
(IX73, OLYMPUS, Japan).

RESULTS AND DISCUSSION

Discovery and separation of biodegraded
products

In the previous researches, AFB; was treated with
Ultraviolet (UV), gamma ray [23-25], ozone [26]
and plant extracts [27-29] and then structural
identification of products was performed. A large
number of degradated products of AFB; have been
shown. The mass spectral information about prod-
ucts obtained by LC-Q-TOF MS showed that the
products had no significant difference from each
other in terms of the structures and properties.

In this case, degradation rate of AFB; by su-
pernatant can reach 96% (Fig. 1). To obtain sat-
isfactory separation for the two biodegraded prod-
ucts, the different mobile phases of HPLC were
used. Finally, the mobile phase was methanol:water
(4:6, v/v). In Fig. 1, two biodegraded products
(called P; and P,) of AFB; were discovered. The
amount of products and AFB,; was negatively corre-
lated. It was sure that P; and P, are derived from
AFB,; degradation. For the accuracy of detection, P,
and P, were collected separately for characteriza-
tion.

Molecular formulas of biodegraded products

To predict the molecular formulas of P; and P,, Mass
Hunter Workstation software was used to obtain Q-
TOF MS data of biodegraded products; all possible
molecular formulas were calculated and listed. Ac-
curate masses were obtained using Agilent 6224 L.C-
MS with a mass error less than 5 ppm, which helped
get one or a few possible formulas quickly. However,
during the analysis of molecular formulas, many
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Fig. 1 The liquid chromatograms of AFB,; treated by
culture supernatant with different treating times: (a) 0 h,
(b) 12 h and (c) 24 h.

chemical formulas may be proposed, which makes
it difficult to obtain exact and correct molecular
formulas for biodegraded products.

In this case, the structural characterization of
P, and P, was detected by LC-Q-TOF MS. Besides
LC-Q-TOF MS data, experience is also required
to analyze the molecular formulas of these biode-
graded products. Because NaNO, as a sole nitrogen
source can not react with AFB;. In addition, amide
synthase and transaminase are mainly intracellular
enzyme. There has been no report about the biode-
graded products of AFB; that contained nitrogen
element. Therefore, P, and P, are considered to be
composed of three elements, i.e. carbon, hydrogen
and oxygen.

In the positive ion mode, both the P; and
P, exhibited conspicuous ESI ionization efficiency.
In Fig. 2A, 448.2285 m/z is for [M+H,O+Na]*,
426.7717 m/z is for [M+Na]* and 406.9998 m/z
is for protonated adduct [M+H]". Then the mass
and the possible molecular formula of P; was deter-
mined, respectively, to be 406 m/z and C,,H,40,,
by Mass Hunter Workstation software. In the same
way, in Fig. 2B, 365.0632 m/z is for sodium adduct
[M+Na]t while 343.0809 m/z is for protonated
adduct [M+H]*. In addition, the hydrophilicity of
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Fig. 2 LC-Q-TOF MS analysis of (A) P; and (B) P,.

biodegraded products is more than AFB;. There-
fore, the mass and the possible molecular formula
of P, was determined, respectively, to be 342 m/z
and C,;H,,O,.

Structure formulas of biodegraded products

According to the mass of two products, they might
be unknown compounds. The conventional method
for authenticating the unknown compounds was to
collect a certain number of standard samples and
then to authenticate their structures by conducting
nuclear magnetic resonance (NMR), infrared spec-
trum (IR), mass spectrometry (MS) and ultravio-
let spectrum (UV). Because the concentration and
purity of the acquisition that biodegraded products
were collected by micro-preparation can not meet
the conditions of conventional method. In this case,
HPLC has been used to separate and collect biode-
graded products, and then LC-Q-TOF MS was used
to accurately determine the mass of biodegraded
products. But, the captured accurate mass and the
deduced molecular formula still can not elucidate
the structure of biodegraded products. In order to
overcome this difficulty, further study of types and
structures of fragment ions was necessary.

The information about parent ions and loss ions
could be obtained by Mass Hunter Workstation soft-
ware during the experiment. For each biodegraded
product, the theoretical mass, determined accurate
mass, the theoretical mass error, determined accu-
rate mass error and the double bond equivalents
(DBEs) quantity of two biodegraded products that
were obtained by Mass Hunter Workstation software
were listed in the Table 1. DBEs were essential
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condition which were a calculate indication for the
number of double bonds or rings in the unknown
compound structure. The double bond equivalent
(DBE) of AFB; was 12, and the DBEs of P, and P,
were 11 and 12. When the DBE of biodegraded
products was lower than that of AFB,, it implied that
the double bonds had a high probability of being
destroyed.

In Fig. 3, a mass spectrum of AFB,; was obtained
to supply the supplementary information for the
present analysis. The fragmentation pathway of
AFB; was shown. The continuous loss of carbon
monoxide (CO) was the main fragmentation path-
way.

In Fig. 4A, the P; at 405.9 m/z corresponded
to molecular formula C,;H,,0,, had more C,H,O,
molecules than AFB,. The DBE of P; was 11, which
was one less than AFB; implying that additional
reactions occurred on the furan rings. More details
on the fragmentation pathway were shown.

In Fig. 4B, the P, at 343.1 m/z corresponded
to molecular formula C,;H,,0, had more CH,O
molecular than AFB,. The DBE of P, was 12, which
was same as that of AFB,. Because P, and P, had the
similar polarity and blue fluorescent. The structure
was obtained by the addition of methoxy group on
the furan ring. More details on the fragmentation
pathway were shown. The P, can be regarded as
a relatively stable transition from AFB; to P;. Of
course, the accurate structure should be detected by
NMR, IR and other detection means.

Toxicity analysis of biodegraded products

The quantitative structure-activity relationship
(QSAR) among AFB; has been deeply explored for
many years [30-32]. A number of researches about
the toxicity of AFB, have been reported. The toxicity
of AFB; is mainly derived from cyclopentenone ring
and the C8-C9 double bond forming the vinyl ether
at the terminal furan ring [33-35]. The basis of
toxic and carcinogenic activity of AFB; is mainly
derived from the furan moiety, and double bond of
the furan ring is a significant determinant of toxic
potency. Therefore, removing the double bond of
furan ring is an effective means to detoxify.

In this study, based on the data collected by Q-
TOE the DBEs of P; and P, were listed in Table 1.
Based on the structure of biodegraded products,
the addition reaction occurred on the double bond
of the furan ring. Therefore, based on QSAR, the
toxicity of two biodegraded products compared with
that of AFB; was reduced.

Combined with cytotoxicity experiment, the
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Fig. 3 MS/MS (electrospray ionization source positive ionization mode) spectrum of AFB; and fragmentation pathway
of AFB; (insets).
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Fig. 4 MS/MS (electrospray ionization source positive ionization mode) spectra of two products (A) P, and (B) P, and
their fragmentation pathway (insets).
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Table 1 Mass accuracy measurement using LC-Q-TOF MS for AFB,® and biodegraded products of AFB;.

Compound Retention Formula Mass (m/z)® Mass error DBE
time (min) Calculate Experiment mDa PPM

P, 1.870£0.03 CoH,4040 407.0002 406.9998 0.4 -1.1 11

P, 2.471+£0.02 C18H14O7 343.0804 343.0803 0.1 0.3 12

AFB, 3.104+0.02 C,,H,,0, 313.0712 313.0710 —0.2 0.6 12

2 AFB, initial concentration: 10 pg/ml. ® All the m/z in our experiment is the m/z of [M+H]*.

100 |

Fig. 5 The HepG2 treated by (A) P;, (B) P, and (C) AFB;.
(D) The control HepG2.

toxicity of AFB; and biodegraded products toward
HepG2 cells was compared. In Fig. 5, all normal
cells were treated and observed after 24 h: (A) was
the cells treated with P;, (B) was the cells treated
with P,, (C) was the cells treated with AFB; and
(D) was the control cells without treatment. The
cells treated with P; and P, appeared normal as
well as control cells. However, the cells treated with
AFB, showed intense diffuse necrosis characterized
by pyknosis of the nuclei. These phenomena also
indicated the toxicity of two biodegraded products
compared with that of AFB; was reduced.

In this work, we used HPLC technology to sepa-
rate and purify degradation products (P; and P,).
LC-Q-TOF MS and MS/MS techniques were used
to analyze the molecular formulas of P; and P, as
C,oH;30,, and C;gH,,0, with molecular weights
of 406 and 342, respectively. The structures of
the two degradation products were predicted. The
cytotoxicity test showed that the toxicity of the two

degradation products was significantly lower than
that of AFB,. Of course, more detection techniques
should be used to determine the structure of prod-
ucts and find more new products. AFB,; degrad-
ing enzymes will be studied. On the other hand,
with the development of synthetic biology, a lot
of enzymes which can catalyze double bonds were
found. Heterologous expression of these enzymes
in cell factories for the degradation of AFB; is also a
considerable measure.

Acknowledgements: This research was financially sup-
ported by the National Natural Science Foundation of PR
China (31401807).

REFERENCES

1. Maragos CM (2001) Measurement of aflatoxins using
capillary electrophoresis. In: Trucksess MW, Pohland
AE (eds) Mycotoxin Protocols. Methods in Molecular
Biology 157, Humana Press, pp 51-58.

2. International Agency for Research on Cancer (2002)
Some Traditional Herbal Medicines, Some Mycotoxins,
Naphthalene and Styrene, IARC Press, France.

3. Wu E Munkvold GP (2008) Mycotoxins in ethanol
co-products: modeling economic impacts on the
livestock industry and management strategies. J Agr
Food Chem 56, 3900-3911.

4. Ellis WO, Smith JB Simpson BK, Oldham JH (1991)
Aflatoxins in food: occurrence, biosynthesis, effects
on organisms, detection, and methods of control. Crit
Rev Food Sci 30, 403-409.

5. Miller JD (1995) Fungi and mycotoxins in grain:
Implications for stored product research. J Stored
Prod Res 31, 1-16.

6. Gizachew D, Szonyi B, Tegegne A, Hanson J, Grace
D (2016) Aflatoxin contamination of milk and dairy
feeds in the Greater Addis Ababa milk shed, Ethiopia.
Food Control 59, 773-779.

7. Grenier B, Loureiro-Bracarense A-B Leslie JE Oswald
IP (2014) Physical and chemical methods for myco-
toxin contamination in Maize. In: Leslie JE Logrieco
AF (eds) Mycotoxin Reduction in Grain Chains, John
Wiley & Sons Inc, pp 116-129.

8. Peltonen K, El-Nezami H, Haskard C, Ahokas J,
Salminen S (2001) Aflatoxin B; binding by dairy

www.scienceasia.org


http://www.scienceasia.org/
http://dx.doi.org/10.1385/1-59259-064-0:51
http://dx.doi.org/10.1385/1-59259-064-0:51
http://dx.doi.org/10.1385/1-59259-064-0:51
http://dx.doi.org/10.1385/1-59259-064-0:51
http://dx.doi.org/10.1021/jf072697e
http://dx.doi.org/10.1021/jf072697e
http://dx.doi.org/10.1021/jf072697e
http://dx.doi.org/10.1021/jf072697e
http://dx.doi.org/10.1080/10408399109527551
http://dx.doi.org/10.1080/10408399109527551
http://dx.doi.org/10.1080/10408399109527551
http://dx.doi.org/10.1080/10408399109527551
http://dx.doi.org/10.1016/0022-474X(94)00039-V
http://dx.doi.org/10.1016/0022-474X(94)00039-V
http://dx.doi.org/10.1016/0022-474X(94)00039-V
http://dx.doi.org/10.1016/j.foodcont.2015.06.060
http://dx.doi.org/10.1016/j.foodcont.2015.06.060
http://dx.doi.org/10.1016/j.foodcont.2015.06.060
http://dx.doi.org/10.1016/j.foodcont.2015.06.060
http://dx.doi.org/10.1002/9781118832790.ch9
http://dx.doi.org/10.1002/9781118832790.ch9
http://dx.doi.org/10.1002/9781118832790.ch9
http://dx.doi.org/10.1002/9781118832790.ch9
http://dx.doi.org/10.1002/9781118832790.ch9
http://dx.doi.org/10.3168/jds.S0022-0302(01)74660-7
http://dx.doi.org/10.3168/jds.S0022-0302(01)74660-7
http://dx.doi.org/10.3168/jds.S0022-0302(01)74660-7
www.scienceasia.org

314

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

strains of lactic acid bacteria and bifidobacteria. J
Dairy Sci 84, 2152-2156.

. Eshelli M, Harvey L, Edradaebel R, Mcneil B (2015)

Metabolomics of the bio-degradation process of afla-
toxin B, by actinomycetes at an initial pH of 6.0.
Toxins 7, 439-456.

Adebo OA, Njobeh PB, Mavumengwana V (2016)
Degradation and detoxification of AFB, by Staphylo-
cococcus warneri, Sporosarcina sp. and Lysinibacillus
fusiformis. Food Control 68, 92-96.

Alberts J, Gelderblom W, Botha A, Van Zyl W (2009)
Degradation of aflatoxin B; by fungal laccase en-
zymes. Int J Food Microbiol 135, 47-52.

Detroy RW, Hesseltine CW (1969) Transformation of
aflatoxin B; by steroid-hydroxylating fungi. Can J
Microbiol 15, 495-500.

Doyle MB Abblebaum RS, Brackett RE, Marth EH
(1982) Physical, chemical and biological degrada-
tion of mycotoxins in foods and agricultural com-
modities. J Food Protect 45, 964-971.

Karabulut S, Paytakov G, Leszczynski J (2014) Re-
duction of aflatoxin B, to aflatoxicol: A comprehen-
sive DFT study provides clues to its toxicity. J Sci Food
Agr 94, 3134-3140.

Megalla SE, Mohran MA (1984) Fate of aflatoxin
B, in fermented dairy products. Mycopathologia 88,
27-29.

Chen Y, Kong Q, Chi C, Shan S, Guan B (2015)
Biotransformation of aflatoxin B; and aflatoxin G1
in peanut meal by anaerobic solid fermentation
of Streptococcus thermophilus and Lactobacillus del-
brueckii subsp. bulgaricus. Int J Food Microbiol 211,
1-5.

Cole RJ, Kirksey JW, Blankenship BR (1972) Con-
version of aflatoxin B; to isomeric hydroxy com-
pounds by Rhizopus subspecies. J Agr Food Chem 20,
1100-1102.

Wu Q, Jezkova A, Yuan Z, Pavlikova L, Dohnal V, Kuca
K (2009) Biological degradation of aflatoxins. Drug
Metab Rev 41, 1-7.

Samuel MS, Sivaramakrishna A, Mehta A (2014)
Degradation and detoxification of aflatoxin B; by
Pseudomonas putida. Int Biodeter Biodegr 86C,
202-209.

Wang J, Ogata M, Hirai H, Kawagishi H (2011)
Detoxification of aflatoxin B; by manganese perox-
idase from the white-rot fungus Phanerochaete sor-
dida YK-624. Fems Microbiol Lett 314, 164-169.
Jager AV, Ramalho FS, Zambelli LNI, Oliveira CAF
(2011) Biomarkers of aflatoxin exposure and its
relationship with the Hepatocellular carcinoma. In:
Aflatoxins-Biochemistry and Molecular Biology, Inte-
chOpen, London, pp 107-126.

Shao S, Cai J, Du X, Wang CG, Lin JG, Dai J (2016)

www.scienceasia.org

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ScienceAsia 46 (2020)

Biotransformation and detoxification of aflatoxin B,
by extracellular extract of Cladosporium uredinicola.
Food Sci Biotechnol 25, 1789-1794.

Liu R, Jin Q, Tao G, Shan L, Huang J, Liu Y, Wang
X, Mao W, et al (2010) Photodegradation kinet-
ics and byproducts identification of the aflatoxin
B, in aqueous medium by ultra-performance lig-
uid chromatography-quadrupole time-of-flight mass
spectrometry. J Mass Spectrom 45, 553-559.

Liu R, Jin Q, Tao G, Shan L, Liu Y, Wang X (2010)
LC-MS and UPLC-quadrupole time-of-flight MS for
identification of photodegradation products of afla-
toxin B,. Chromatographia 71, 107-112.

Wang E Xie E Xue X, Wang Z, Fan B, Ha Y (2011)
Structure elucidation and toxicity analyses of the
radiolytic products of aflatoxin B, in methanol-water
solution. J Hagzard Mater 192, 1192-1202.

Luo X, Wang R, Wang L, Wang Y, Chen Z (2013)
Structure elucidation and toxicity analyses of the
degradation products of aflatoxin B; by aqueous
ozone. Food Control 31, 331-336.

Iram W, Anjum T, Igbal M, Ghaffar A, Abbas M
(2015) Mass spectrometric identification and toxicity
assessment of degraded products of aflatoxin B; and
B, by Corymbia citriodora aqueous extracts. Sci Rep
5, ID 14672.

Iram W, Anjum T, Igbal M, Ghaffar A, Abbas M (2016)
Structural elucidation and toxicity assessment of de-
graded products of aflatoxin B; and B, by aqueous
extracts of Trachyspermum ammi. Front Microbiol 7,
ID 346.

Iram W, Anjum T, Igbal M, Ghaffar A, Abbas M,
Khan AM (2016) Structural analysis and biological
toxicity of aflatoxins B; and B, degradation products
following detoxification by Ocimum basilicum and
Cassia fistula aqueous extracts. Front Microbiol 7,
ID 1105.

Wogan GN, Edwards GS, Newberne PM (1971)
Structure-activity relationships in toxicity and car-
cinogenicity of aflatoxins and analogs. Cancer Res 31,
1936-1942.

Mishra HN, Das C (2003) A review on biological
control and metabolism of aflatoxin. Crit Rev Food Sci
Nutr 43, 245-264.

Verma RJ (2004) Aflatoxin cause DNA damage. Int J
Hum Genet 4, 231-236.

Hussein HS, Brasel JM (2001) Toxicity, metabolism,
and impact of mycotoxins on humans and animals.
Toxicology 167, 101-134.

Guengerich FP (2001) Common and uncommon cy-
tochrome P450 reactions related to metabolism and
chemical toxicity. Chem Res Toxicol 14, 611-650.
Guengerich FP (2008) Cytochrome p450 and chemi-
cal toxicology. Chem Res Toxicol 21, 70-83.


http://www.scienceasia.org/
http://dx.doi.org/10.3168/jds.S0022-0302(01)74660-7
http://dx.doi.org/10.3168/jds.S0022-0302(01)74660-7
http://dx.doi.org/10.3390/toxins7020439
http://dx.doi.org/10.3390/toxins7020439
http://dx.doi.org/10.3390/toxins7020439
http://dx.doi.org/10.3390/toxins7020439
http://dx.doi.org/10.1016/j.foodcont.2016.03.021
http://dx.doi.org/10.1016/j.foodcont.2016.03.021
http://dx.doi.org/10.1016/j.foodcont.2016.03.021
http://dx.doi.org/10.1016/j.foodcont.2016.03.021
http://dx.doi.org/10.1016/j.ijfoodmicro.2009.07.022
http://dx.doi.org/10.1016/j.ijfoodmicro.2009.07.022
http://dx.doi.org/10.1016/j.ijfoodmicro.2009.07.022
http://dx.doi.org/10.1139/m69-086
http://dx.doi.org/10.1139/m69-086
http://dx.doi.org/10.1139/m69-086
http://dx.doi.org/10.4315/0362-028X-45.10.964
http://dx.doi.org/10.4315/0362-028X-45.10.964
http://dx.doi.org/10.4315/0362-028X-45.10.964
http://dx.doi.org/10.4315/0362-028X-45.10.964
http://dx.doi.org/10.1002/jsfa.6663
http://dx.doi.org/10.1002/jsfa.6663
http://dx.doi.org/10.1002/jsfa.6663
http://dx.doi.org/10.1002/jsfa.6663
http://dx.doi.org/10.1007/BF00439291
http://dx.doi.org/10.1007/BF00439291
http://dx.doi.org/10.1007/BF00439291
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.06.021
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.06.021
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.06.021
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.06.021
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.06.021
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.06.021
http://dx.doi.org/10.1021/jf60184a040
http://dx.doi.org/10.1021/jf60184a040
http://dx.doi.org/10.1021/jf60184a040
http://dx.doi.org/10.1021/jf60184a040
http://dx.doi.org/10.1080/03602530802563850
http://dx.doi.org/10.1080/03602530802563850
http://dx.doi.org/10.1080/03602530802563850
http://dx.doi.org/10.1016/j.ibiod.2013.08.026
http://dx.doi.org/10.1016/j.ibiod.2013.08.026
http://dx.doi.org/10.1016/j.ibiod.2013.08.026
http://dx.doi.org/10.1016/j.ibiod.2013.08.026
http://dx.doi.org/10.1111/j.1574-6968.2010.02158.x
http://dx.doi.org/10.1111/j.1574-6968.2010.02158.x
http://dx.doi.org/10.1111/j.1574-6968.2010.02158.x
http://dx.doi.org/10.1111/j.1574-6968.2010.02158.x
http://dx.doi.org/10.1007/s10068-016-0272-7
http://dx.doi.org/10.1007/s10068-016-0272-7
http://dx.doi.org/10.1007/s10068-016-0272-7
http://dx.doi.org/10.1007/s10068-016-0272-7
http://dx.doi.org/10.1002/jms.1741
http://dx.doi.org/10.1002/jms.1741
http://dx.doi.org/10.1002/jms.1741
http://dx.doi.org/10.1002/jms.1741
http://dx.doi.org/10.1002/jms.1741
http://dx.doi.org/10.1002/jms.1741
http://dx.doi.org/10.1365/s10337-009-1354-y
http://dx.doi.org/10.1365/s10337-009-1354-y
http://dx.doi.org/10.1365/s10337-009-1354-y
http://dx.doi.org/10.1365/s10337-009-1354-y
http://dx.doi.org/10.1016/j.jhazmat.2011.06.027
http://dx.doi.org/10.1016/j.jhazmat.2011.06.027
http://dx.doi.org/10.1016/j.jhazmat.2011.06.027
http://dx.doi.org/10.1016/j.jhazmat.2011.06.027
http://dx.doi.org/10.1016/j.foodcont.2012.10.030
http://dx.doi.org/10.1016/j.foodcont.2012.10.030
http://dx.doi.org/10.1016/j.foodcont.2012.10.030
http://dx.doi.org/10.1016/j.foodcont.2012.10.030
http://dx.doi.org/10.1038/srep14672
http://dx.doi.org/10.1038/srep14672
http://dx.doi.org/10.1038/srep14672
http://dx.doi.org/10.1038/srep14672
http://dx.doi.org/10.1038/srep14672
http://dx.doi.org/10.3389/fmicb.2016.00346
http://dx.doi.org/10.3389/fmicb.2016.00346
http://dx.doi.org/10.3389/fmicb.2016.00346
http://dx.doi.org/10.3389/fmicb.2016.00346
http://dx.doi.org/10.3389/fmicb.2016.00346
http://dx.doi.org/10.3389/fmicb.2016.01105
http://dx.doi.org/10.3389/fmicb.2016.01105
http://dx.doi.org/10.3389/fmicb.2016.01105
http://dx.doi.org/10.3389/fmicb.2016.01105
http://dx.doi.org/10.3389/fmicb.2016.01105
http://dx.doi.org/10.3389/fmicb.2016.01105
http://dx.doi.org/10.1080/10408690390826518
http://dx.doi.org/10.1080/10408690390826518
http://dx.doi.org/10.1080/10408690390826518
http://dx.doi.org/10.1080/09723757.2004.11885899
http://dx.doi.org/10.1080/09723757.2004.11885899
http://dx.doi.org/10.1016/S0300-483X(01)00471-1
http://dx.doi.org/10.1016/S0300-483X(01)00471-1
http://dx.doi.org/10.1016/S0300-483X(01)00471-1
http://dx.doi.org/10.1021/tx0002583
http://dx.doi.org/10.1021/tx0002583
http://dx.doi.org/10.1021/tx0002583
http://dx.doi.org/10.1021/tx700079z
http://dx.doi.org/10.1021/tx700079z
www.scienceasia.org

