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Detection of Aflatoxins in the Popcorn by Using ELISA
Test

Ali A. AL-Rawi
Biology Dept./College of Science/ Mosul University

Abstract:

The results of ELISA test on (35) local popcorn samples produced
by flaming and microwave from imported Argentinean maize, sold in
Sarai market at Mosul showed presence of aflatoxins contamination in
rates higher than the limit allowed by the World Health Organization
(WHO) and the American Food and Drug Administration (US FDA)
(10ppb) in human food products. It appeared that the rate of toxins
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(52.5ppb) in the samples which prepared by using the flame . Although
the levels of toxins in our study were not very high but they have
remained within the rejected limits that make these derived products unfit
for human consumption. On the other hand using the microwave heating
in preparing popcorn showed that it was a high reduction in the amount of
aflatoxin , it appeared that the rate of toxins (1.5ppb) and this number is
acceptable in human food industries .

* Key Words : Popcorn / Aflatoxins / Argentinean maize / microwav
“daddall

(= Mycotoxins dsyhdll asenlls (( Zea mays L. ) shiaall 53 g gl aa
S dd) sl e g e i Jally Jyeasall Lesi e 35 dalsal
Sl e ey Loy B Jomnal 48100 Ledll (aliadl e cllly Gl Loy dlgall
(Richard and Cole ,1989 )clilgally alsall duji (A Jywanall 3 808 Lpaliaid)
Aflatoxing Y1 asew & Jsaanall 138 & JSLaall 028 Jidd ZaLall agacdl aal (g
Asp.parasiticus ( Speare ) Aspergillus flavus ( Link ) hdl J& ( damidl)
Lagads MY asecs Loeh )l duaalsall Eisl <N o . ( Person et al., 2004 )
adlsia¥) o) & Lagady llall pues 8 JSLiAl) ST e asal) ol ehyieall 3,3
G sy ol oSe 4l 3) « ((D’Mello and MacDonald ,1997 ) a5 4uds
ouddll g & sy Jal elily san ol slaall JE dlew ddide daly
. ( Kumar et al., 2008 ; Al-Sadi et al., 2002 )

AFG2 ¢« AFGL « AFB2 « AFBL & DY) asaws (e sty gloil Aol llia
Ohayl 8 Al iy Gady S AFBL gsill daliy lulle diadde lgrses
ol LS ( Caloni and Cortinovis ,2010 ) Jsalls cllgall 85 (WHO,2000)
o e liall Gl EN g dally el aecall cVls e Jgjedlly el 8 AFBL
shiall 5 dide e i ) aalll 295 o) aags « ( Creppy , 2002 ) gl
Gnse V) ALY el cual 38 MY o genn Lands 355Ldl)

G dilaie cuean S bl alieY) shal (e 585 Caecal Coccidiosis
&) shils ¢ (Shareef, 2010 ) 88 Loobeat) il ) Lage aalll 2 8 eladd b
U.S.Food and Drug ( U.S.FDA ) iiya¥l slsally ol3a)l descsge Camsl 388 a3 L
335D Beaall ehiall B 8 S LS jelaw Y oL Administration
psasdl 038 (ial (myeil) Byshas i) cllyg (PPb ) Gl sia 10 e sanlls 5y
. (U.S.FDA ,2000)

641



(gbwgb]

3 E5aY) saaiall Vsl ey ehacall 53 spacad) Allall Joo (B i) o
155 e %50 o s "bgia b Gsile (20) o 2k Lo Jsaanall 138 (e lea i) il
shiall 53 e clulp s cual 8y ( SAGP.AM 1999 ) il faas
gaasall 1gy Adlaial) Cilaglaall (i s layshal daaloaall culiphdl) diyeal dydia )
. (Gonzalez et al., 2000)

shiall A (e e o lahal Al aials 3 (2010)4eless Broggi Sy
OS5 wudl Asp. flavus Lhil leie die 53 (e %80 4t L of disiia )
Y asen o lgial dllaa) (3 S 3l

ap i el dalse sie o adid Jpeanall (b agend] o3zl ddee ()
Lol sall Lpadll dishylly psall skl ggiaally cOhadll gl Bl 5]l
. ( Simsek et al., 2002 ; Northolt et al., 1976)

DLl daddy duel)) Jualae I .l e saaly an chiall 51 o
sl L3 e (%13)5 Lulsad) B3 e (%T78) A L g Y Al
SSE 5k agandl sdgs aghill Aimpe (45 Jguanall 138 Jaly ¢ ((lgawa et al., 2007 )
. ( Goa and Kolomiets , 2009 ) ¢saally Laill (0 Jall olgine casenr lldg oy (10
sl DA e il 0 L) glad) daa o Dahd T JSE asedd) 028 oY
Gliay A Lulgal) cilamial Jols S e dle e S8 ) ¢ g @kl Jralaall
Al e cadSll Auall s3a il @ (Carlile et al., 2001 ) dglaad Alaladl e el
Ayray puly IS Jeasall dunal Dalaall Goud) (& duag prally 53jsiusall disin Y cljinall
B 238 (pe Tilae pheatl) (Aaelall ) [Ladl mite B Layaig MY o sec Lok (s

; Glal) xen

) G (A dmag yrally dniin)¥) shiall B Cigs e A (35) pes &
ISy dne JS @ial aa ¢ ( aulall) JLadl Jead (il $Dlgudl saee a5 deasall
‘._?_5‘ Ciriagy af (250) CA‘)‘J 0SAll (3 gl ‘._?A 3ylaally Julgall & Jae (e c_;")‘:“‘:
%6 (20 ) Bl days vie RSl Glge b Ciag @& ida) ) Culag A Gl
.\.@m;ﬁuzt;j

D o5l skl (s giaall s

642



£ Fd \
[ oo Il S pgacs JLEAN Sl oo haS))

O Qs 331 DA e @lldg o0l Moisture Content okl (ssinall s &

) e Cpill b lgnany 25 G linss (gl Aol L83 dikn (S lgmangy 53 die IS (e

sad ) ) cael 8 Audl Gy & baes saals delu sad o (105

& Cus l) Oy S ol Dleal) 020 S5 5 13Say 400 5p0 Sy o5 488y ((15)

J8 sl Ae Gis b Gl DA e pdull sl (sginadl (e Ashall el lgal
sl amg Ol S el

QM\JMAS

) Bhs daps vie Al b Caiad Aabal) 38 53 due IS e a2 (25) 381
Gl 38 Jaie Aklugy Wliiy die IS ak &5 lase delu (24 ) 53d o (80
Oy 853 A S e LAl dee @ LS ¢ Lgie IS (0 383 08 (5) e Jgeanl
(Gl danhll ) Cughll gha ahadiul Fuall 13 Aol Jd e dadall a5 gV
okl Al gy lgiake 55 [lid A S da] 5 ¢ Chugg S B alatinls Aty
S5 @l g AR Gsee e Jsaall 3Ly
S e ) Dpaladl cilisd) IS il lasw e IS (yamse o Liad o2 (5) 057
Osilise o o (25 ) Aie ) Chual 8 (DAY Blee Lo cupaly (Ladlly
3 Badly GaaiY) Jslae e z3all lasal Auad) @lijat ae %30 ke cle : %70
Jyasll (Whatman NO.1) g5 (e zisi (s dalugs duall madip & o ¢ 3l
ok ) Gandll JLS) mpid da (5) e Ji Y o o s e OS paliione e
o ) Sead) A0 JE G le gl BRI cuns (W) asen daS
- opeSelay)

D S gAY il

Ayl ehia 8 duey LS A IS aldien OOV apen dueS Luld
Enzyme-Linked Immuno Sorbant ( ELISA ) ajy¥l Lasyll eliall jied)
adde Jsanll 2 (535 Total aflatoxing SN cuuS e Gl Ll ladsials Assay
. ( Crowther , 2002 ) 45,431 Veratox Neogen 4$yd ¢y

643



(gbwgb]

Aaddladl CALLIM
dimin V) ehiall B Glue 3OS agend oS il LAY Fb ekl
22 e ddlle Cligina Bske gl Jeasall dunal Asall Gl 8 diag yaally 53 5ienal)
) Aaleadl A dadl Ll culS Telsw W 4 el aall 358 CulS Gumy asaudl
s Jgemnall 138 o) (2010 ) wicleas Brown oS5 Lo ae 8 1389 ¢ (1 ¢ Jgan
p3g datial)l cliladll o (sSh agry 38 1309 ¢ DY) agens Cighill dinpe Jualadl) i
oS3 Lo e L) L Adle Baasiny prnds IS5 Ailagiesd) dpall LS (5o 205 o gadl
e B on Lo Gl 4 adll daeS s 3 ¢ (12006 ) Cotty s Tucson
ppb(59.2)  ad A ) (18) awd & ppb(38.1)
G RLaY) B (s2e Lgie Buse il 2ga B ol o3 b cplall )y (17) dusdl S
@bl ginally ¢ sall dmadll dishylly ¢ Al daay ¢ poadll 5 Jehay ¢ Jiad)
Lage 19 sl skl (ggimall o) LS ¢ (1991) Hocking s Pitt oS3 Lo Gaves izl
ol skl gl oF (e )l e agand) a2y sy Jpeandl dilial b las
JCag aelog 4l V) Sladlls Hoad) bl ey Y (1) Joaall (B e LSy il alanl
Lo o Gt 1305 Jaall 3 Lalad Silas o) cul€ 1Y) DY) asan 71 Adee & S
iy Ghaeley Glial) dlga) dales adlll sl of (e (2004) 05315 Chen o<
Aycicek JS3 @Al dga ay ¢ S asan 0o dille Cligina sl gk (ssina
Jalsall e 203 ddlad) ghall dapas pedll Il sha)ll (sinall of (2005) e lass
- psacd) o3l dntiall lylaly o) BLaY saey Lag slasll U8 Lo dlaje B las dage

ahatinlg Lulal) ) Godhll Spand) Ll 3 dael (2) Jsand) maass
Gl a8 . g DY) pgen S maail YD dinlay lpeand 2 38 ¢ Cagg Sl
=TS gsij (41.00 ppb ) led SEYI agend ZuaS Jif cialy Zpaliall Zanyhlly §ycasl)
L ae 3 1385 (2 J<5 ) (51.1 ppb ) @il asand) ciliaS Lasssia o) ( 58.1 ppb)
3y il e die (24) e bl ) 4l 0 8 (2005) 4iclea s Sekiyama sass
MY agem e la Alle clgies Tl CulS e clie S ol aag
o &) (2010) 053l Hong il LS« ppm (59.0 , 8.0 « 2.4)(AFB25 AFB1)
cailS ehieall 5 e dafadl) L0030 Glaiid) (e due (11) deal (e clie ued
. ppm (101.8 ¢ 21.0 ¢ 17.2 ¢ 12.2 ¢ 5.8) MYV agacs dille i aeas Ziske

644



£ Fd \
[ oo Il S pgacs JLEAN Sl oo haS))

asams (o Al Aiplally sl Ll cilie gsine O (2) Jsaall el LS
B (1 ¢ Jsandl) ehiall 53 Cilise 8 MY apen Lo 4 (e el IS DY)
(2005) 0535 Siwela 5,5 L caes Gabidll Aiedl rans o8 Jaill ddee ) g
dral Moy pull @Dle e suS ohal gl 8 cwaw 8 L
Aladll dmpe 5 8 dakie ST (0 GO de 5 ¢ Al 3 DY) agen BueS
(32 ¢21 ¢ 17 ¢ 3 ) Clumll 52L30) oda (o i .lgs agessd) oSljig okl
Alalaall ) 4 35n0 38 1305 5 Clie 6 LgDtie o S8 g agendl duaS il )
Conway et al ., ) Wysany ol duall 3 MY o gan daS JI5a) ) g5 Al Al
. (1978

clie WY apen S 8 D€ Laliss) dla o (2) Jsaad) sy WS
Banall Clinll G asendl A€ o ARl Chage Sl latinly Sydasall L)
Gy a4 %100 Gy due (13) A Y asan padaat o S8 Aol dd sl
(26) dusll & (ppb3.5 ) 5 ¢ (2) dusll & (ppbI.1) cmle AV Ciliall 6 s
O5S5 AR Balll jmat e Syumdll Calagall 3 Anhall Alalaall of ) 2gas 38 12ag
23 Lo g G 1305 g oad) (ginall il g DY) o gans podans & dlels S
abat Al Buadll Glagdl dbedl chiall 53 clie oL (2000)Ahmad
Lt G1 05DV andans s by (n 8 ¢ %99.63 Gawsi Lgad B1 5Dl
. %100

(Gl dapLib Siad) ) JLEl Gasd gl Jeasidl ml) G
Gl Dl Ldle 4y zgansal) aall e el cilS lgaan o BalY) iyl aladial,
JSLal e Dage et 38 illl o2 s ¢ (Bolger et al., 2001) ppb(10) sy
WY gl Faay ol AN Ll i) oSl gal Al
duginll el e sngiee lgly Lo ¢ el Gandll (shiwall B3 ) ded)l
ZUmmo ) MY asand datiall cilbyhadll sai e aelugy &by a5 ( in Y1)
eV L 8 aseudl odgl damiall Lkl salue e Slead (and Scott , 1992
ol Cagyl ol Slae¥) e 3391 aa ( Barros et al., 2005) gin V) 8 Gyl
csal ) il gaen o 3 ppandl s3g Cighill Bdee 3 Jlad 50 Ll OIS L a5
- bl saill Gl Cislhall aall A elp Y dladl Goudl b O e

(1) Jdse

645



(gbwgb]

i) shiuall B clie b gl Gsinally SEY) agams duas

646



£ Fd \
[ oo Il S pgacs JLEAN Sl oo haS))

(2) Jos
aladiulyg Axadl) Akl aladiuly Bucasall jLidY Cilie 2 MY o gam duas
g g Salall

(PPb) Ol JSI ghally 80k HLERN clie A& M) pgan duas

ATl Bpana il Bhal At Buane el
* g g Silall G *daalaey)

647



(PPb) Cisabs JS eralls Byaka Lill) clise (b DY) psans dpas

)

ATl Bpana il
* g g Silad) 3

BLAl alaiul fpana cilinl
*Laliey)

(1) dsaadl & ehypall 5,3 il 8 DY) 2 gans GaaS 4 po skl 038 43lhie o

&

¢ Cus

g ATA

PPb Gisals JSU & Jall SAL) o gacs dsag

[o2]
o
I

(62
o
L

N
o

w
o
L

N
o
L

=
o
L

o

B iy )Seally 5 guanall il

i) 45l 5 jeaad) Cilisal)

11 13 15 17 19 21 23 25 27 29 31 33 35
Jm‘éu..'\ﬁ KX

c e BV
(1) J<a

gally Bake Lol AR ally gy Saally Bpanally JLAN cilie 5 M) psam dnas

.(PPb) O

648




£ Fd \
o pIAAIUL M) pgane LEAN Gl 0o cadS) |

60
504
Cuo
40 =
30
LJ
N = 35
VARO0001

dagaial) JLEY il b UN) agam Jira

o g O 4l V) Wlos 4 zsansall aall (e el il il o e p)ll e
B rmall A Gus (e nly lyras o a8 13ay MY asan il s
- (oY) ehall

YIS allad) elail 8 5,30 sl NV aen (g0 B JB il 3l o Jasgd LS
fagsidl BV e b of A G o ) A s
xS [ axle (19 - 0.1) 0w Le il cV 2wy %100 dowsy S Ae (45) lasae U
B g 8 Y agend Alle cVame caay LS (McMillian et al., 1980 )
dange due (12) dlia IS5 due (37) Land 25 3) L) ) 8)3aall Luia V) ohiual
s ¢( Scudamore and Patel , 2000 ) axS/azle (29-0.4) (u Cnglp Y arag
2l e el et Ll V] las Bdle 0S5 Al W 8 Goag ) bl o e a2l
Wjscaail 2gad 38 Lial Ciaag A dlasad) uaSEY) @l A culall (g 40 sl
S L) ) G o il )

649



)
L ek

)

1l 5l
psas (o LlsinY el [andll 83)5iwall B ¢ Liad] oy 43 iy 035 Laag
ol DGO Sn gl gyl DU saall @y daliy agand) (o Layey Y
Cilatie daldy 2503 Al 3oyl e gl ) dead o oS MY agane (N el
O plaly el aas LA acaas (8 Chagg Saall alasial s ¢ aged] o3gs Eglall LYY
o ) e ol o) s LS L Bskal 53 e 3 OEY) agens A3 ol i s
Eigan Ll (ge Jalil 53 038 (e dpndiil) diylalls abeaall SLEAN Jlis (S J8Y)

+aseall 238 Lgans ) Apmcall JSLA

650



£ Fd \
[ oo Il S pgacs JLEAN Sl oo haS))

J.JLAAJ\

1- Ahmed , S.0.(2000) Destruction of aflatoxins B1 and G1 in corn and
peanut by ammonia and microwave . Ph. D. Thesis ,Food and Science
Technology Department , Agriculture and forestry college , University
of Mosul, Iraq .
2- Al-Sadi , H.I. ; Shareef , A.M. ; Al-Attar , M.Y.(2002) Outbreaks of
aflatoxicosis in broilers . Iraqi J. Vet. Sci. 13:93-106.
3- Aycicek, H. ; Aksoy, A. ; Saygi, S.( 2005) Determination of aflatoxin
levels in some dairy and food products which consumed in Ankara,
Turkey. Food Control, 16: 263-266.
4-Barros , G. ; Torres , A. ; Chulze , S. (2005) Aspergillus flavus
population isolated from soil of Argentina’s peanut-growing region.
Sclerotia production and toxigenic profile . J. Sci. Food Agric.,
85:2349-2353.
5- Bolger , M. ; Coker , R.D.; DiNovi, M. ; Gaylor, D. ; Gelderblom ,
W. ; Olsen , M. ; Paster , N. ; Riley , R.T. ; Shephard , G. ; Speijers ,
G.J.A.(2001) Fumonisins. In: Safety Evaluation of Certain Mycotoxins
in Food, WHO Food Additives Series 47, FAO Food and Nutrition
Paper 74, Prepared by the 56th Meeting of the Joint FAO/WHO Expert
Committee on Food Additives (JECFA), WHO,Geneva, Switzerland,
pp. 103-279.
6-Broggi , L. E. ; Gonzélez , H. H. L. ; Resnik , S. L. ; Pacin , A. M.
(2002) Mycoflora Distribution in Dry-Milled Fractions of Corn in
Argentina. American Association of Cereal Chemists. 79(5)
1741744,
7-Brown , R. L. ; Zhi-Yuan, C. ; Marilyn , W. ; Meng , L. ; Abebe , M. ;
Ahmad , F. ; Deepak , B. (2010) Discovery and Characterization of
Proteins Associated with Aflatoxin-Resistance: Evaluating Their
Potential as Breeding Markers . Toxins ,(2) :919-933.
8- Caloni , F. ; Cortinovis , C.(2010) Toxicology effects of aflatoxins in
horses . The Vet. J., 44:196 -199.
9- Carlile , M. J. ; Watkinson , S.C. ; Gooday , G.W.(2001) The Fungi.
2nd ed. Academic Press, San Diego.
10-Chen, Z .Y. ; Brown , R. L. ; and Cleveland ,T. E.(2004). Evidence
for an association in corn between stress tolerance and resistance to
Aspergillus flavus infection and aflatoxin contamination . African J.
of Biotech., 3(12): 693-699 .

11-Conway , H. F. ; Anderson , R. A. ; and Bagley , E. B. (1978)
Detoxification of aflatoxin contaminated corn by roasting. Cereal
Chem .,55:115-117.

12- Creppy , E.E.(2002) Update of survey, regulation and toxic effects of
mycotoxins in Europe. Toxicology Letters, 127: 19-28.

651



(gbwgb]

13- Crowther , J. R.(2002) The Guidebook. Methods in Molecular
Biology .VVol.149 Humana Press. Totowa, New Jersey ,U.S.A .

14- D’Mello , J.P.F. ; MacDonald , A.M.C.(1997) Mycotoxins. Animal
Feed. Science and Technology 69: 155-166.

15- Gao, X . ; Kolomiets , M. V.(2009) Host-derived lipids and oxylipins
are crucial signals in modulating mycotoxin production by fungi .
Toxin Reviews, 28(2-3): 79-88 .

16-Gonzalez , H. H. L. ; Resnik , S. L. ; Pacin , A. M.(2000)
Contaminant mycoflora in type flint corn harvested at the
Northwestern region in Argentina.. Page 46 in: Abstracts of IlI
Congreso Latinoamericano de Micotoxicologia, Cérdoba, Argentina.

17-Hong, L. S.; Yusof , N. I. M. ; Ling, H. (2010) Determination of
Aflatoxins B1 and B2 in Peanuts and Corn Based Products . Sains
Malaysiana , 39 (5) : 731-735.

18-1gawa , T. N. ; Takahashi-Ando , N. ; Ochiai , S. ; Ohsato , T. ;
Shimizu, T. ; Kudo, I. ; Yamaguchi ,I. ; Kimura , M.(2007) Reduced
contamination by Fusarium mycotoxin zearalenone in maize kernels
through genetic modification with a detoxification gene. Long-Form
Paper, American Society Microbiology. Applied Environ. Microbiol.,
10: 1128-1142.

19-Kumar , V. ; Basu , M.S. ; Rajendran , T.P.(2008) Mycotoxin
research and mycoflora in some commercially important agricultural
commodities. Crop Prot., 27: 891-905.

20- McMillian , W.W. ; Wilson , D.M. ; Widstrom , N.W. ; Gueldner ,
R.C. (1980) Incidence and level of aflatoxin in preharvest corn in
south Georgia in 1978. Cereal Chemistry, 57: 83-84 .

21- Northolt , M.D. ; Verhulsdonk , C.A.H. ; Soentoro , P.S.S. ; Paulsch ,
W.E. (1976) Effect of water activity and temperature on aflatoxin
production by Aspergillus parasiticus. Journal of Milk and Food
Technology 39: 170-174.

22-Person, T.C. ; Wicklow , D.T. ; and Pasikatan , M.C.(2004)Reduction
of aflatoxin and fumonisin contamination in yellow corn by high —
speed dual-wavelength sorting .Cereal Chem., 81(4):490-498.

23- Pitt, J.I.; and Hocking, A.D.(1991) Significance of fungi in stored
products, In Fungi and Mycotoxins in Stored Products: Proceedings
of an International Conference, ed by ChampBR, HighleyE, Hocking
AD and Pitt JI. ACIAR, Canberra, pp. 16-21

24-Richard , J. L . ; Cole , R. J. (1989) Mycotoxins : Economic and
Health Risks . CAST Task Force Report NO. 116. Council For
Agricultural Science and Technology : Ames ,IA.

25- Scudamore , K.A. ; Patel , S.(2000) Survey for aflatoxins, ochratoxin
A, zearalenone and fumonisins in maize imported into the United
Kingdom. Food Additives and Contaminants ,17:407-416 .

652



£ Fd \
[ oo Il S pgacs JLEAN Sl oo haS))

26- Secretaria de Agricultura, Ganaderia, Pescay
Alimentacion,(S.A.G.P.A). (1999)Instituto Nacional de Estadisticasy
Censos: Argentina.

27- Sekiyama , B. L. ; Ribeiro , A.B. ; Machinski , P. A. ; Junior , M.M.
(2005) Aflatoxins, ochratoxin- A and zearalenone in maize-based
food products.. Brazilian J. Microbiol., 36:289-294 .

28- Shareef , A.M.(2010) Concurrent aflatoixcosis and caecal coccidiosis
in broilers . Iraqi J. of Vet. Sci., 24(1):11-16.

29- Simsek , O. ; Arici , M. ; Demir , C.(2002) Mycoflora of hazelnut
(Corylus avellana L.) and aflatoxin content in hazelnut kernels
artificially infected with Aspergillus parasiticus. Food/Nahrung
46: 194-196.

30- Siwela, A. H.; Siwela, M.; Matindi, G.; Dube, S. ; and Nziramasanga,
N. (2005) Decontamination of aflatoxin-contaminated maize by
dehulling . J. Sci. Food Agric., 85:2535-2538 .

31-Tucson, A . Z . ; Cotty , P. J. (2006). Crop rotation influences
aflatoxin producing potential of Aspergillus communities in south
Texas. Beltwide Cotton Conferences, San Antonio, Texas ,3(6):60-64.

32- U.S.FDA/CFSAN. (2000)Action Levels for Poisonous or Deleterious
Substances in Human Food and Animal Feed. Industry Activities
Staff Booklet . FDA:Washington ,DC.

33-Zummo , N. ; Scott , G.E.(1992) Interaction of Fusarium moniliforme
and Aspergillus flavus on kernel infection and aflatoxin contamination
in maize ears. Plant Dis., 76: 771-773.

653



