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ABSTRACT

The efficiency of segregation, by particle size, in reducing the aflatoxin content of corn lots under the
Brazilian conditions was studied. The aflatoxin content, in the corn fractions obtained after sieving thirty
contaminated samples, with approximately 3.0 kg each, was determined. The samples were passed through 4.5
mm round-hole sieves and the fractions with partiles mm (fraction A) and <4.5 mm (fraction B) and then
analyzed for aflatoxins by TLC. The results showed that the distribution of the aflatoxins among the fractions
A and B varied from sample to sample. However, the fraction B presented higher content (6 to 1,422 pg/kg) of
aflatoxins (P<5%), than samples of fraction A (4 to 389 pg/kg). In spite of that the segregation of this fraction
did not reduce significantly the contamination of the samples. This probably occurred because the contribution
of the fraction B for the estimated total of the concentration of aflatoxin of the sample was smaller than that of
the fraction A, due to the smallest amount of the fraction B in the sample weight total. In spite of being
significant for the studied samples the correlation among the percentages of the groups of grains with defects
a) burning grains, sprouted, burned and moldy and b) total injured, with the estimated level of contamination
for the samples, more studies will be necessary so that better conclusions can be drawn for this correlation.
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INTRODUCTION In Brazil, the maximum level of aflatoxins allowed in cornis 20
pna/kg (3). The contamination of agricultural products with
Corn is a cereal worldwide utilized for human consumptiomycotoxins usually occurs in a non-uniform way, and a few highly
and animal feeding. In Brazil it is the most important graicontaminated kernels are distributed among many non-
representing ca. 40% of all grains produced in the last five yeamtaminated ones. This fact is the cause of the great variation in
(1). Corn is susceptible to fungi development and aflatoxihe mycotoxins concentration in samples of a lot, turning difficult
contamination that can occur in any phase of its production (#)e determination of the real concentration of the toxins (20).
Several studies made in this country such as the surveys ofJohnsoret al. (10) studied the distribution of aflatoxin in
Fonsecat al.(7,8), Gldrieet al.(9) and others (12,13,18) havecontaminated lots and the results suggested that the toxin was
shown the contamination of corn with aflatoxins. present mostly in the fractions of impurities and other materials
Aflatoxins are harmful to man and animals with biologicahnd that the removal of this material would contribute to reduce
and biochemical effects. They are considered carcinogendf,the initial content of aflatoxin.
teratogenic and mutagenic substances and can affeettimlism Brekkeet al. (5) tested the efficiency of some processes of
of carbohydrates, lipids, proteins and nucleic a(Js physical segregation trying to decrease the contamination of
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corn lots with aflatoxins and concluded that the Segregation mb|e 1.Levels of tolerance for corn grading, by types’ according
the fractions, classified as residue, did not reduce significantlyBrazilian rules (Brazil, 1976).

the initial levels.

Shotwell et al. (15,16) observed in visually segregated .TOlerance
. . . (Weight percentage)
fractions and broken corn kernels and foreign material (<4.8 ) 3
mm) that the aflatoxin distribution varied for each studied loflype Foreign materials, anage
. . . . . .. Maximum of

and that the segregation of the fraction constituted by broken  Moisture impurities and Total fermented
kernel§ and foreign material was not sufficient to eliminate broken sprouted and heated
aflatoxin from the lots. 1 1459 5% T 3%

Meinders and Hurburg (11) studied the characteristics of 14'50;" 2'0(; 18‘; 6‘70
the fractions (sizes between 1.8 and 6.3 mm) of 39 samples o 14‘50/" 3‘0(; 270/0 _°
corn pre-cleaning residues from many parts of the USA, and gs 14'5(; T b° Tied N P
found only one sample contaminated with aflatoxin but 365 14:3% (To be specified in each situation)

samples were contaminated with fumonisin in one or all fractiori$3.S. = Below Standard.
They also observed arise in aflatoxins levels as the particle size
of the segregated material was decreased from 6.3 to 1.8 mm.

Corn lots are usually subjected to a pre-cleaning segregatgnains capable to pass through a sieve with 5 mm diameter
by particle size aiming to eliminate undesirable broken kernadsifices, and grains or seeds of other species, as well as the
and foreign material before storage and commercialization (19ggetal remainings and strange bodies of any nature, not
In Brazil this operation is usually made by sieving the materiatiginated from the product.
through 4.5 mm round-holes sieves. However, there is no dataAfter grading the samples were sent to the laboratory and
on the aflatoxin distribution in the fractions obtained this wagtored in the freezer at the -18°C, until further processing and

The present work aimed to verify the efficiency of segregatioanalysis.
by particle size, in reducing the aflatoxin contamination of Each sample was passed through a 4.5 mm round-holes sieve,
corn. resulting in two fractionsA) the fraction that was retained in

the sieve, i.e. larger or equal to 4.5 mm particles, Bjnithe
MATERIALS AND METHODS fraction that passed through the sieve (particles or kernels
smaller than 4.5 mm). Th& fraction was divided into two

Thirty samples of aflatoxin-contaminated corn were takgportions of approximately equal weight by a Gamet type sub
from truckloads as they arrived to a corn processing plantsampler. Only one of these portions was utilized in this study.
the State of S&o Paulo, Brazil. The fractionA of each sample was weighed and if the amount

Two samplings were made in two different periods and I material was over 0.5 kg it was subsampled and coarsely
samples (in the first) and 14 (in the second) were taken. Each sargpteind in the Romer Analytical Subsampling mill. The obtained
was composed of several incremental samples taken from differembsample was later ground in a hammer mill to pass a 20-mesh
points of the load, according to the industry’s own scheme, asigve. A 50 g analytical sample was taken from each subsample,
mixed to form bulk samples that varied from 2.4 to 3.9 kg. and analyzed for aflatoxin in duplicate.

Every sample was analyzed for aflatoxin in the industry, The fractionB of each sample was weighed and if less than
using the screening technique of the bright greenish-yellaWs kg, the whole fraction was ground in a hammer mill to pass a
fluorescence (BGYF). If positive, the samples were tested by 28-mesh sieve. A 15 g analytical sample was then taken for
immunoaffinity column method (Aflatest) for confirmation.  aflatoxin analysis. Each fraction was analyzed in duplicate but,

The samples were classified in types (Table 1), at tlie the case of insufficient material, just one analytical sample
reception in the processing plant, according to the Braziliavas analyzed.
rules for corn classification (4), as described bellow: A variation of 30% in the results in the duplicate analyses of

Fermented, heated and sprouted graidiscolored grains the fractions was accepted. Above this limit the analyses were
or pieces of grains, due to the action of heat and humidity ipeated. To express the contamination levels, the mean values
fermentation in more than 1/4 of the size of the grain, and graiofsthe duplicates were utilized.
or pieces of grains with visible germination. Aflatoxins By, B;, G, and G, were extracted according to

Injured grains- grains or pieces of grains, hollow, immatureSoares and Rodriguez-Amaya (17) and detection was made by
attacked by insects, rodents or parasites or those fermentedwp-dimensional development in 10 cm TLC plates. The
to 1/4 of the grain size, as well as injured by different causegletection limit was of 1 ng/g for all aflatoxins. For aflatoxin

Impurities, foreign materials and broken grain®ither identity confirmation the chemical derivatization procedure of
fragments of the corn plant, including grains or fragments #OAC - 985.17 was utilized (14).
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RESULTS AND DISCUSSION Table 3.Mean values of aflatoxins,BB,+G;+G,, in pg/kg, in
the studied fractions, fraction weight and contribution of

Analyzing the qualitative characteristics of the samplegaction to total sample level of contamination.
and its classification for types (Table 1) according to thl—Sa

Brazilian official regulations (4) and shown in the Table 2, it
: 24.5 mm <4.5 mm sample
can be seen that there was a predominance of types 3 and - : -
Bellow Standard - B.S. (10 and 13 samples, respectively). Types Welghzt Cont. 3 Weight Cont. Weight Cont.
1 and 2 occurred iﬁ ;51 smaller proporti n 3 and 4 m I sCO_neheC&) 800 ke () () (uoke)
. . proportion (3 and 4 samples; 50 Ge = 00 ™ 3 5 34 (1) 2,047 44

respectively). In spite of the reduced number of data, these 1244 (95  4(93)  66(5) 6(7) 1311 4
might indicate a higher probability of finding samples of types 5 |'555 98) 45(96) 30(2)  77(4) 1255 46
3 or BS contaminated with aflatoxins. However, the proportions 4 1’304 (96)  94(97) 67(4)  89(3) 1.872 94
of types of defects: a) fermented, heated and sprouted grainss 1663 (98) 62 (97) 32(2) 97(3) 1,695 63
b) injured grains and c) the impurities/strange materials, found ¢ 1,632(97)  8(8) 46 (3) 45(14) 1,678 9
in the samples show a correlation index with the estimated?7 1,398 (96) 97 (96) 60 (4) 92 (4) 1,458 97
levels of contamination for samplerf 0.50, 0.62 and 0.25, 8 1,483 (95) 36(96) 75(5) 33(4) 1,558 36

9 1,404 (94) 33(99) 90 (6) 6(1) 1,494 31

10 1,231(95) 39(97) 68(5) 20(3) 1,299 38
Table 2. Physical properties and classification, by types, !l L708(98)  18(99) 28(2) ~ 16(1) 1,736 18
(Brazilian rules) of the corn samples. 121,549(98) 300(98) 39(2) 242(2) 1,588 299

13 1,557(96) 26(96) 66(4)  25(4) 1,623 26
Sample Moisture Injured Fermented Impurities Classification 14 1,758 (97) 58 (95) 62(3) 87(5) 1,821 59

mple Fraction A Fraction B Whole

content % % % % by types 15 1,399(98) 37(98) 25(2) 49(2) 1424 37
1 13.70 6.40 3.10 1.50 2 16 1,314 (97) 51(98) 36(3) 32(2) 1,349 50
2 11.10 7.00 240 3.30 BS 17 1,673(94) 31(79) 111(6) 125(21) 1,784 37
3 13.70 820 3.1 2.40 3 18  1,575(95) 86(89) 83(5) 206(11) 1,658 92
4 13.40 9.50 3.40 3.00 3 19 1,611 (98) 369(92) 36(2) 1422(8) 1,647 392
5 13.90 500  3.30 1.40 2 20 1,758 (96) 11(55) 68 (40) 231 (45) 1,827 19
6 12.70 9.50 6.60 3.20 BS 21 1,639 (96) 52(86) 65(4) 213(14) 1,704 58
7 13.30 7.90 2.80 3.10 BS 22 1,681 (97) 23 (91) 469 (3) 87(9) 1,728 25
8 12.20 7.90 3.60 4.00 BS 23 1,543 (94) 12(90) 93(6) 23(10) 1,637 13
9 14.90 11.60 3.40 3.10 BS 24 1,622 (96) 14(85) 74(4) 53(15) 1,696 16
10 1240 820  2.60 1.90 2 25 1,560 (98) 343(93) 34(2) 1172(7) 1,594 360
11 12.60 10.00 1.90 1.50 1 26 1,563 (95) 12(81) 78(5) 56(19) 1,641 14
12 13.20 740  4.00 2.50 3 27 1,540(98) 68 (95) 29(2) 203(5) 1,569 70
13 1320 1030  3.10 3.40 BS 28 1,535(97) 113(88) 55(3) 414(12) 1,590 123
14 13.80 820  3.10 3.00 3 29 1,682(96) 69(93) 62(4) 135(7) 1,744 71
15 13.40 6.80 2.30 1.30 1 30 1,530(98) 389(95) 38(2) 831(5) 1,569 400
16 1340 1040 2.40 2.80 3 Average 1,563 (96.5) 84.8 (91.7) 56.7(3.5) 204.0(8.3) 1,620 88.0
i; 3(1)8 1?;8 gég g;g Eg ! Aflatoxins contents in the fraction (BB.+G;+G,); 2 Relative
19 1220 11.70 320 4.40 BS participations, in weight, of the fractiohRelative participation
20 11.80 7.40 1.40 2.00 ) of the fraction in the contamination of the whole sample.
21 12.80 10.00 2.20 3.50 BS
22 11.70 9.20 1.00 1.30 1
23 1290 10.60 2.00 3.40 BS respectively (Table 3). The indexes of 0.50 e 0.62 were
24 12.70  10.40 1.30 2.70 3 statistically significant (p<1%) and the last one was non-
25 1240 2040  4.40 3.10 BS significant (p>5%).
26 12.80 9.90 0.80 2.40 3 ANOVA was applied to check differences in the
27 13.60 7.20 3.90 2.70 3 contamination values of the fractioAsandB and the data
28 1270 10.60 0.70 3.90 BS were transformed into log (x+0.5) before applyingfHest.
29 1270 1120 2.70 2.70 3 It was verified that the aflatoxin levels of the fractwere
30 1240 17.10  7.20 2.60 3 statistically higher than those of fractidnat the level of
a- Classification of cornin types 1, 2, 3 and BS according to tegnificance of 5% (Tables 4 e 5). However, the contamination
percentage of defects observed in the lots. of fractionA, in ten samples, out of the 30 examined (33%), was
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Table 4. Analysis of variance. RESUMO

V?:;z?n G.L. S.Q. QM.  F Value Prob.>F Distribuicdo da aflatoxina em frac8es de milho
Fraction 1 6.7501433 6.7501433 4.8349 0.02999 contaminado, segregadas por tamanho
Residue 58 80.9746390 1.3961145 . ,
Total 50 877247823 Este trabalho teve como objetivo estudar o conteddo de

aflatoxina em fragBes granulométricas de milho obtidas apos

peneiragem de trinta amostras, de 3,0 kg cada, sabidamente
contaminadas com aflatoxinas. As amostras foram passadas
por peneiras com crivos redondos de 4,5 mm obtendo-se as
fragBes com particuldast,5 mm (fracéd\) e < 4,5 mm (fragéB),

Overall mean =4.171977; Coefficient of variation = 28.322%.

Table 5. Mean values of the factor fraction.

Treat. No. Name Repet. No. Averages Original que foram Qnalisadas para presenca de aflatoxinas através da
averages cromatografia de camada delgada. Os resultados mostraram que

1 FA? 30 4.507391 a 90.184870  a distribuicdo da concentracédo de aflatoxinas entre as fragdes

2 FB® 30 3.836563 b 45.865842  granulométricas A e B variou de amostra para amostra de milho.

Contudo, a fragaB apresentou maior contetido (6 a 1.422 pg/kg)
de aflatoxina (P<5%) a frac&o(4 a 389 pg/kg). Apesar disso, a
segregacao desta fracdo ndo diminuiu significativamente a
higher than that of the fractid® (Table 3). This suggests gcontaminacéo da amostra. Isto ocorreu provavelmente porque

variation from lot to lot in the behavior of the contaminatiof® cONtribuicéo da fracddpara o total estimado da concentracdo
levels between the fractions. de aflatoxina da amostra foi menor que o da fragatevido a

On the other hand, Table 3 shows that the average proporfiBRn°r quantidade da fracao B no peso da amosra total. Apesar
of the fractionA, in the total weight of the samples, was 96.594€ Ser significativa para as amostras estudadas, a correlagao
against 3.5% of the fractid® Even though the fraction A had a€Niré as percentagens dos grupos de gréos com defeitos, a)

lower average of aflatoxin content (84.8 ng/kg against 204320s ardidos, brotados, queimados e mofados e b) avariados
1g/kg of the fractiom) the influence of the fractioh was very 0t&iS, com o nivel de contaminacao estimado para as amostras,
high due to its major weight in samples. mais estudos serdo necessarios para que conclusdes mais

Such data suggests that the segregation of the proportion§jiSistentes possam ser tiradas desta correlagao.
smaller fraction, containing the higher levels of the toxin, would ) ) o N
not decrease the level of contamination of the lots. These resfiiiiavras-chaveaflatoxina, milho, distribuicao da contaminacao,
agree with the ones found by Shotwatllal. (15) and Brekke S€9regacdo, fractes
etal.(b).

a- FA = Fraction 34.5 mnfg - FB = Fraction <4.5 mm.
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