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ABSTRACT

Aflatoxins constitute secondary metabolites produced by some Aspergil-
lus species. These chemicals can contaminate anumber of crops bound to
human consumption. Numerous strategies for the detoxification or inacti-
vation of aflatoxins contaminated feed- stuffs have been used. Detoxifica-
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tion of aflatoxin B, (AFBl) by irradiation is one of the economical and
practical methods exists. In this review, the effect of different irradiation
techniques including UV, gamma and microwave on aflatoxin structureis
discussed. Also different quantitative and qualitative techniques for de-
tection of aflatoxin including biological activity test, mass spectrometry,
infrared spectrometry, HPL C analysis, thin-layer chromatography and UV

spectral analysis are reviewd.

INTRODUCTION

Aflatoxins are agroup of mycotoxins with mu-
tagenic, carcinogenic and immunosuppressive proper-
tied. Aflatoxins constitute secondary metabolitespro-
duced by Aspergillusflavus, Aspergillus parasiticus
and Aspergillusnomiug™. These chemicalscan con-
taminate anumber of cropsbound to human consump-
tion, for example, corn, peanut, sorghum, rice, whest,
and nut®,

Themost toxic compoundisaflatoxin B, (AFB, ).
When AFB, and AFB, contaminated food or feedis
consumed, the toxins are metabolized to AFM, and
AFM, and excreted into thetissues, biological fluids,
and milk of lactating animds, including breast milk.

Numerous strategiesfor thedetoxification or inac-
tivation of aflatoxinscontaminated feed- guffshavebeen
used such asphysicd separation, thermd inactivation,
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irradiation, microbia degradation and trestment witha
variety of chemicd g%, Different sudieshavebeen done
for thementi oned techniques. Duck and VVoorde (1980)
observed that autoclaving at 120°C for up to 1h did
not destroy thismycotoxin, and even after sterilization
inanacidor dkainemedium, dight mutagenic activity
isstill detectable®. Viroben et a. (1976) inactivated
aflatoxin by trestment of gaseousammoniaunder pres-
sureof 2to 3 barg¥. Mukendi et d. (1991) observed
that AFB, was transformed by treatment of sodium
sulfiteinto amore prominent toxic metaboliteAFB,
epoxideand subsequently into adetoxified trihydroxy
AFB_ derivative™. Goncalez et al. (2003) observed
that AFB, wasinactivated by chlorine gastreatment.
Thechlorine gastreatment of 4 ml correspondingto 15
mg of pure chlorine gaswasresulted into 90 % | oss of
AFB, and B, present in various a coholic extracts of
P.sandhifolialeavesusing Vero cell lines™.
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IRRADIATION

Radiationisclassfiedinto two categories: ionizing
and non-ionizing. Inionizing radiation (X-rays, gamma
ray, ultraviolet ray) potential changesmay occur inmol-
eculesof theirradiated mycotoxin. These molecular
changesmight bequite harmful toliving organismsex-
posed to largedosesof ionizing radiation. Non-ionizing
radiation (radio waves, microwaves, infrared waves,
vigblelight) insufficientintensity leadsto ariseintem-
peratureusud ly accompanied by molecular changesthat
arenot usudly of hazardousnatureto man. Despitethe
debate on safety of irradiated foodsin connection with
human health thefood irradiation isbecoming atech-
niqueof potentia application onacommercid scaleto
render food products steril €.

UV irradiation

Visblelightand UV light arealso ableto stop bio-
logical activity, but these sources of radiation have a
low penetration capacity in solidsandliquids. Shivaand
Gawade (2010) used UV radiation for destruction of
AFB . Aflatoxinsaresensitiveto UV rediation. AFBI
absorbsUV light at 222, 265 and 362 nm with maxi-
mum absorption occurring at 362 nmwhich may lead
to theformation of up to 12 photodegraded products?.
AFB, andAFG, underwent photochemically driven se-
ries of reactionswhen exposed to UV light (365 nm,
1h) on silicagel TLC plates. The photodegradation
products were less toxic to chick embryos than the
parent toxing*”.

Gammairradiation

Gammairradiation has been established asasafe
and effectivephys ca meansfor microbia decontamina-
tion, disgnfestation, shef-lifeextens on andimprovement
of quaity attributes of raw and processed agricultural
commodities. lonizing radiationshave a so been proved
effectiveinimprovingtheoverd| nutritiond atributes, in-
cluding somedesired changesin functiond propertiesof
seed flours. However, application of thistreatment may
lead to changeinthephysca and chemica propertiesof
graing®. Umeshetd., 1989, inactivated AFB, by using
thesynergistic effect of hydrogen peroxideand gamma
radiation®™. Van dyck et al.(1982) used gamma
irradioation for destruction of AFB, 4 Thetoxicity of a
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peanut meal contaminated with AFBI wasreduced by
75% and 100% after irradiation with gammaraysat a
dose of 1 and 10 kGy!*¥. Doses higher than 10 kGy
inhibited the seed germination and increased the perox-
idevaueof theail ingammarirradiated peanuts?.

Microwaveirradiation

Microwave heating reduced the aflatoxin content
considerably in contaminated materia®. There has
been cons derable controversy over non-thermal effect
of microwaveradiation. Non-thermd effect of micro-
waveradiationwassuggested to haveanimportant role
in theinactivation of microorganismsin suspensions
25)

At present, no economical and practical method
existsfor removing afl atoxin fromfoodstuffsfor human
consumption. For animal feed, ammoniavaporsat high
temperatures have been used for destruction of afla-
toxini@, and extraction by means of methoxy methane
isaso efficient for this purpose, but both methodsare
expengve. Therefore, gammairradiation may be more
attractive for mycotoxin decontamination of feed and
foodstuffs,

Techniquesfor detection of AFB, transformation

M odern technol ogiesused for the detection of my-
cotoxinsinclude mass spectrometry-based assays, an-
bi ent ioni zati on mass spectrometry, el ectrochemical
Immunoassays, piezod ectric sensors, enzymeinhibition
assay’s, biosensor arrays, and fluorescence polarization
Immunoassays. However, itisimpossibleto useone
singlemethod for analysisof mycotoxinsdueto theva-
riety of chemica structures. Therefore, many andytica
methods have been devel oped and validated. Thede-
mand for afast, s multaneous and accurate determina-
tion of multi ple mycotoxins, dong with the heterogene-
ity of food matrices, creates extremechd lengesfor rou-
tineandys gy,

Biological activity test

Amesmicrosomemutagenicity test isused for dem-
ongtrating the disappearance of biologicd activity. This
test isgenerally done on Salmonella typhimuriumas
thetest strain by plateincorporation assay method.

I nfrar ed spectr oscopy
Molecular andyseswith Fourier trandforminfrared

A Tudéan Journal



BTAIJ, 9(9) 2014

A.Mohamadi Sani et al.

389

spectroscopy (FT/IR) techniquewith attenuated total
reflectance (ATR) and chemometrics enableto detect
structurd featureson amolecular basis. Toinvestigate
differencesinaflatoxin molecular compositionand func-
tional group spectra intensitiesafter any intervention
and decomposition technique, we can use thistech-
niquewhich showsany probabletransformation. Infra:
red absorption spectroscopy, broadly gpplied to analyse
polymer structures (within the spectral wavenumber
range of 400-4000 cm-1), is also employed as a
method of studyingAFB, structureand it’s changes.

M ass spectrometry

Althoughthesdlectivity of massspectrometry isun-
challenged if compared to common GC and LC detec-
tion methods, accuracy, precison, and sendtivity may be
extremey variableconcerning thedifferent mycotoxins,
matrices, andingruments. Thesengitivity issuemay bea
red probleminthecaseof LC/MS, wheretheresponse
canbevey different for thedifferentionizationtechniques
(ESI, APCI, APPI). Therefore, when other detection
methods (such asfluorescence or UV absorbance) can
be used for the quantitative determination, LC/M S ap-
pearsto beonly an outstanding confirmatory technique.
In contrast, when the toxinsare not volatileand do not
bear suitable chromophoresor fluorophores, LC/MS
gppearsto bethe unique method to perform quantitative
and qualitative analyses without requiring any
derivatization procedure. The problem of exact quanti-
tativedeterminationin GC/M Sand LC/M Smethodsis
particularly important for mycotoxin determinationinfood,
giventhehighvariahility of thematrices and canbesolved
only by theuseof isotopicaly label edinterna standards
or by theuseof ionizationinterfacesabletolower matrix
effectsandion suppressions. When theproblemslinked
toincongant ionizationand matrix effectswill besolved,
only M Sdetectorswill alow to smplify moreand more
the sampl e preparation procedures and to avoid clean-
up procedures, making feasiblelow-cost, high-through-
put determination of mycotoxinsinmany different food
matrices?.

Thin-layer chromatography analysis
Although TLCisareferencemethod, itisoften used

asamycotoxin screening assay. TLCisavery power-
ful tool to determinethe presence of oneor more myc-
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otoxins in a sample, but does not permit critical
quantitation. Typically, TLC involvesthe spotting of
extracts, individually, near oneend of aglassor alu-
minium plateonwhichathinlayer of dlicagd or smilar
matrix has been placed. Suitable standards are also
spotted on theplate for comparison after the plate has
been devel oped. During devel opment, the edge of the
plate nearest thelocation of the spotted extractsand
standardsis placed in aspecified solvent preparation
covering the bottom of atank that allowstheplateto
stand nearly vertical. The solvent isadsorbed by the
slicaor smilar matrix and travelsup the plate through
the spotted extracts and standards. Asthisoccurs, the
various compoundsin an extract spot are separated,
depending on their adsorption to thematrix and solu-
bility. Because these propertiesvary, the compounds
aredeposited at different heightson theplate. Theplate
can beremoved from the tank when the solvent front
nearsthetop of the plate, dried, and the spotscan be
visudized. Sotheeffect of destruction of AFB, would
beclearly visibleon thin-layer chromatography plates.
The chromatogram obtained from silica gel-coated
plates showsAFB, if broken downinto unidentified
componentswhichremain till fluorescentt®.

HPL C analysis

AFB, can beidentified by confirmingitsretention
timewith standard AFB, by high-performanceliquid
chromatography (HPLC) technique. HPLC isthemost
frequently and widdly used method of mycotoxinanaly-
ss. HPL C reference methodsthat are quite sensitive
and havereasonably low levelsof detection have been
devel oped for most of themgjor mycotoxins, thus, these
are good quantitative methods?.

UV spectral analysis

Optica density measurementsat 200 to 400 nm of
control and photooxidised samplesof aflatoxinscan be
performed spectrophotometrically by comparison of
UV profilefor changesin the absorbance and wave

length.
CONCLUSION

At present, the only economica and practical
method for removing aflatoxin from foodstuffsisirra:
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diation. lonizing radiation can dter aflatoxin structure

which can be detected by different techniques. Chro-

matographicandysisincludingHPLC and TLC canbe

used for quantitative detection of aflatoxin. By using

infrared spectroscopy and mass spectrometry the struc-

tural featureson amolecular basis can be determined.
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