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ABSTRACT

Aflatoxins are toxic and carcinogenic metabolites produced by species of
Aspergillus, but Aspergillus flavus and Aspergillus parasiticus are of
most concern. Aflatoxins compose afamily of toxic compounds- B1 (most
toxic), B2, M1, M2, G1 and G2. The present paper reportsthe differentiat-
ing between aflatoxin producing Aspergillus flavus and the non-produc-
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ers. The detection of aflatoxin concentration in animal feeds was done by
two methods, Thin Layer Chromatography (TLC) and Enzyme Linked
Immuno Sorbant Assay (ELISA). Results of range 1 -38 ppb were obtained
establishment of mycotoxin analytical laboratoriesin animal feed manufac-

turing units. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Mycotoxinsare poi sonous chemical compounds
produced by certain fungi. Thereare many such com-
pounds, but only afew of them areregularly foundin
food and animal feedstuffs such asgrainsand seeds.
Nevertheless, thosethat do occur in food have great
sgnificanceinthehedth of humansand livestock. Since
fungi produce them, mycotoxins are associated with
diseased or mouldy crops, athough thevisiblemould
contamination can be superficial. The effectsof some
food-borne mycotoxinsareacute, symptomsof severe
illness appearing very quickly. Other mycotoxins oc-
curringinfood havelonger-term chronic or cumuletive
effectson hedlth, including theinduction of cancersand
immunedeficiency.

Mould and mycotoxin contamination of foodisse-
rious although usually neglected. A ccording to Food
and Agriculture Organization, moulds contaminate 25%

of theworld crop. Fungal invasion of agricultura com-
moditiesiscommoninthefields (Fusariumspp., As-
pergillus spp. and Penicillium spp.) with consider-
ableseasonal variations. Mycotoxinsareusualy found
inmixed form. The production of mycotoxinsdoesnot
corrdlatedirectly with the growth of moulds, and while
fungistatic and fungicidal compounds may affect the
mouldinvasion, thisdoesnot necessarily entail thedrop
intheleve of mycotoxins.

Therearefive mycotoxins, or groups of mycotox-
ins, that occur quite often in food: deoxynivalenol/
nivaenol; zeard enone; ochratoxin; fumonisins, and afla-
toxins. T-2toxinisaso foundin avariety of grainsbut
its occurrence, to date, islessfrequent than the pre-
ceding five mycotoxins. Thefood-borne mycotoxins
likely to beof greatest significancefor human hedlthin
tropical developing countriesare the fumonisinsand
aflaoxins.

Aflatoxinswerefirst identified in the 1960s and


mailto:sugantham2000@gmail.com

52 Detection of aflatoxins in animal feeds

ESAIJ, 4(2) January 2009

Eecotosicolody —=

composeafamily of toxic compounds. AflatoxinB1is
the most carcinogenic and best studied of the com-
pounds. Thetoxic effectsinclude acute hepatitis, im-
munosuppression, and hepatocel lular carcinoma. In
humans, the risksassoci ated with afl atoxin consump-
tion arewel | documented, and theInternationa Agency
for Research on Cancer (IARC) hasdesignated afla-
toxinasahumanliver carcinogen.

Aflatoxicos sispoisoning that result fromingestion
of aflatoxinsin contaminated food or feed. Aflatoxin
poisoning isreported from al partsof worldin amost
all domestic and non domestic animals like cattle,
horses, rabbits, and other non human primates.
Aflatoxicosesisa so reported in humansin many parts
of theworld.

Dietisthemgor way through which humansaswell
asanimalsare exposed to aflatoxins. Apart fromthis,
exposureto aflatoxin can bethrough ingestion of con-
taminated milk containingAflatoxin M 1 (metabolite of
AFB1). Occupationd exposureto aflatoxinsin agricul-
tural workers, peopleworkingin oil mills, and grana-
ries has been reported.

After wide experimentation on many animal spe-
cieslikerats, rainbow trout’s, aflatoxin especially afla-
toxin Blisconfirmed asapotentid carcinogen (IARC
1993). Metabolism playsamagjor rolein deciding the
degreedf toxicity?. After ingestion, afl atoxinismetabo-
lized by cytochrome p450 group of enzymesintheliver,
whereitisconverted to many metabolic productslike
dlatoxicol, aflaoxin Q1, aflatoxin P1, and aflaoxinM 1,
depending on the genetic predisposition of the species.
Along with the above another metabolite called afla-
toxin 8, 9 epoxideisa so formed. Theamount of this
metabolite decidesthe species susceptibility asthiscan
induce mutationsby intercalatinginto DNA, by form-
ing an adduct with guanine moiety inthe DNA. This
intercalation of EpoxidecausesaGtoT transversonat
codon 249inp53 geneinliver, whichmay lead to he-
patic carcinoma. Thiswasobserved in most of the ex-
perimental models, and it is presumed that thisisthe
major reason for aflatoxin carcinogenicity®®. Moreover
gpeci essusceptibility to aflatoxin mainly dependsonits
liver detoxification systems, genetic make up, ageand
other nutritiona factorg®.

Severd methodsof aflatoxinanalysisof granexig,
eachwithdifferent level sof precison, rdaivecostsand

ease of gpplication. Theseincludetheblack light, mini-
column, ELISA (serologicd), and chromatography tech-
niques.

Graininfected with Aspergillusflavus producesa
compound called kojic acid, which characteristicaly
produces agreenish-yellow fluorescencewhen exam-
ined in dark room under long-wave ultraviolet light
(black light). Best results are obtained on cracked or
ground kernels. Theaflatoxin doesnot fluoresce; itis
theindirectly related kojic acid that fluoreces. Thusthe
black light testisanindirect, presumptivetest that does
not directly detect aflatoxin. Black light postivesamples
usually contain someaflatoxin, but thismethod cannot
quantify theaflatoxin level sand can givefdse positive
responses. Duetothesedeficiencies, theblack light te<t,
it not recommended for aflatoxin screening. However,
if itisused and agrain sampleisfound positivewith the
black light test, it isrecommended that arepresentative
sampleof thislot to betested usingamore determina-
tive sampleof thislot betested usingamore determi-
nativetest such asacommercid antibody test (ELISA)
or themini-columntest.

The main objective of our work isto detect the
concentration of aflatoxinfromanimal feedsby ELISA
and TLC.

MATERIALSAND METHODS

Animal feed sampleswere collected and storedin
artight packetsand numbered. Mouldswereisol ated
by seridly diluting feed samplesand spread plating on
Czapek Dox Agar (CDA) or Potato Dextrose Agar
(PDA) medium. PDA isrecommended for theisolation
and enumeration of yeastsand mouldsfromdairy and
other food products. CDA isemployed to screen toxi-
genic fungi. A.flavus was picked up from the culture
plates and streaked on dantsto maintain. A smear of
every pureculturewas stained withlacto phenol cotton
blueto study the typical morphological features. The
culturesweretested for theenzymesAmylaseand Pro-
tease by platingon Starch Agar and Casein Agar me-
dium. A.flavuswas spread plated. A linestreak of Lac-
tobacillus plantarum at the centre of the plate was
doneto screenfor theantifungal activity of lacticacid
bacterid®.
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UV Photography

A flavus patched plates, incubated for 3 days at
28°c were placed upside down, irradiated with UV light
and photographed. The color of the colonieswasre-
corded to distinguish between afl atoxin producersand
non-producers. Aflatoxin producersabsorbed UV light
and appeared grey to black, whilethe non-producers
reflected UV light and appeared white®,

Thin layer chromatography

Thinlayer chromatography isroutinely usedandis
ahighly recommended method for aflatoxin quantifica-
tion. Toxinisextracted from ground feed samplesusing
acetone and chloroform and evaporated to dryness.
Thefind extract issufficiently deanfor uni-dimensiond
TLC. Thefina extract isdiluted with 100-500ul1 chlo-
roform. Precoated silicagel ‘G’ plates were used and
developed in unsaturated tanks, using chloroform: ac-
etone (90:10 v/v). The devel oped plate was viewed
under UV. Thefluorescence of the potswas compared
to that of the standardsfor quantification(”. Aflatoxin
content (ppb) = (Sx CxD /Y x W) x100 where S -
Volume of standard matching with samplein fluores-
cence, C - Concentration of standard, D -Dilution, Y -
Volume of sample spotted and W - Effectiveweight.

Enzymelinked immuno sor bant assay

ELISA isthe most sensitive method to detect afla-
toxin concentration. The basis of thetest isantigen-
antibody reaction. Thewelsinthemicrotiter stripsare
coated with capture antibodies directed against anti-
aflatoxinantibodies. Standardsor thesamplesolutions,
aflatoxin-enzyme conjugatesand anti-afl atoxin antibod-
iesareadded. Free and enzyme conjugated afl atoxin
competefor the aflatoxin antibody binding sites (com-
petitive enzymeimmunoassay). At the sametime, the
immobilized capture antibodiesa so bind the aflatoxin-
antibodies. Any unbound enzyme conjugateisthenre-
moved in awashing step. Enzymesubstrate (ureaper-
oxide) and chromogen (tetramethyl benzidine) areadded
tothewellsand incubated. Bound enzyme conjugate
convertsthe colorless chromogen to ablue product.
The addition of the stop solutionleadstoacolor change
from blueto yellow. The measurement is made photo
metrically at 450nm; the absorptionisinversely pro-
portional totheaflatoxin concentration inthe sample.

— Egotoxicology
RESULTSAND DISCUSSION

Animal feed sampleswere collected from different
areaswheredifferent climatic and storage conditions
persisted. Thesampleswere stored in airtight packets
andweregiven codenumbers, seridly diluted and spread
plated. Mixed colonies appeared. Aspergillusflavus
colonieswerepicked up and maintainedin CDA/PDA
dants. Aspergillusflavuswas stained using lacto phe-
nol cotton bluefor observing the morphol ogical fea
tures hyphae bearing the conidiophoresfor confirma-
tion of thestrain. Theisolated strainswere then sub-
jected to biochemica assays. The culturesshowed zone
of clearance on starch agar mediaon stainingwithio-
dineand on casein agar medium, thus showing positive
resultsfor amylase and caseinase. Aspergillusflavus
was plated and Lactobacilluswas stresked onthesame
plate. Inhibition zonewas observed, thussuggesting that
thegrowth of Aspergillusflavuswasinhibited by Lac-
tobacillus.

Aspergillus flavus patched plates were viewed
under UV after 2 daysof incubation. Strainsproducing
Aflatoxin appeared grey to black. TheAflatoxin con-
tent of thefeed sampleswasquantified by performing
Romersmethod of thinlayer chromatography. Samples
showed Aflatoxin concentration of the range 4ppb-
38ppb. Three samplesshowed highest Aflatoxin con-
centration of 16ppb, 17ppb, and 38ppb respectively.
Among the recent techniquesAflatoxin concentration
was quantified by ELISA, which gave more precise
results of the range 1ppb-22ppb. One sample showed
highest Aflatoxin concentration of 22ppb.

The majority of Aspergillus speciesisolated on
CDA medium wereidentified as Aspergillusflavus of
which 80% of the sampleswere screened for aflatoxin
production. All the Apergillusflavusisol ated were not
found to beaflatoxin producers. Theresultsweresimi-
lar tothereport of Arruset d., 2005, whered| Apergillus
flavus are not capable of producing aflatoxin. Similar
resultswerereported by Diener and Davisin 1966.

Lactobacillus hasbeen reported to beinvolvedin
antimicrobid activitiesbut few reportsof antifungd ac-
tivity have been published. The present work clearly
showstheantifungd effectsof Lactobacillusspecies
on aflatoxigenicfungusisolated. Antifungal activitiesby
alLb. casa gtrainthat inhibited both thegrowthand the
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aflatoxins production of A. parasiticus hasbeen re-
ported®. Indeed, Vanne et al., 2000 showed that the
growth of toxigenic storagefungi could berestricted by
LAB invitro. Karunaratne and coworkers (1990) re-
ported a Lb.plantarum that was able to inhibit the
growth of A.flavusbut felt the effect wasdueto acom-
bination of acidity and microbia competition. Thiscon-
clusionwasfurther clarified through use of the same
inoculagirainsby Gouramaand Bullerman (1995). From
theresults, it could be safely concluded that the action
of the suspensionsof lactic acid bacteriausedinthis
work isbroad al being active against more than one
Aspergillus sp. similar other workers have reported
result. Further work astoidentify aswell ascharacter-
izetheactiveingredientinvolved intheinvitroinhibi-
tion of thetoxigenic Aspergillusstrainsby LAB spe-
ciesneedsto be carried out asto prescribe the neces-
sary procedurefor itsusein thepreservation of various
foodsand feed ingredients.

According to Cole in 1986 and Moss in 1995,
thereisadiverserange of anaytica methodsfor myc-
otoxinsdetectioninfoods, anima feedsand raw mate-
rials. In many countriesintheworld someform of thin
layer chromatography (TLC) till isthemethod of choice
because of economic constraint. Therefore an attempt
was madeto detect the concentration of aflatoxin using
the ssmplest, economic, and rapid method the TLC.
Themaximum concentration of &latoxin detected ranges
from 17-38 ppb (17ug/kg- 38 nug/kg) by TLC. The
afl atoxin concentration detected was of medium afla-
toxin content (5-50 ppb) in 200ul chloroform. Theafla-
toxin concentration detected by the most sensitive
ELISA rangesfrom 3-22 ppb (3ug/kg - 22ug/kg).

Aflatoxin B1 and itsmetabolite afl atoxicol canbe
detected in eggsand edibletissuefrom hensgivenfeed
contaminated with aflatoxin B1 at alevel of 8 ppm.
Kan et al, 1989 concluded that aflatoxin B1 level in
feed of about 100 ppm whichismuch higher than the
toleranceof 20 ppb do not impair performanceof broil-
ersand laying hens.

CONCLUSION
Theaflatoxin content of thefeed sampleswas ef -

fectively quantified by TLC and ELISA methodswhich
gaveresultsof range 1ppb-38ppb. Inconclusion this

study hasshown seriousrisk for publichedthsinceal
age groupsconsume milk world wide. For thisreason
milk and milk products should befreeof aflatoxin con-
tamination. Henceit isextremely important to check
aflatoxinlevelsin cattlefeedsregularly, particularly im-
portant, storage conditions of feeds must be strictly
controlled. Aflatoxin being apotent carcinogenitisnec-
essary to check safety levelsinfeedsbeforeitisadmin-
istered to animals. Hence, establishment of mycotoxin
andyticd laboratoriesinanima feed manufacturingunits
becomeaprimeimportance.
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