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ABSTRACT

RESUMEN

There are few reports on the contamination
of total aflatoxins (AFs), AFB,, deoxynivalenol (DON)
and zearelenone (ZEA) in maize straw harvested in
Mexico; hence, the aim of this study was to determine
the concentration of such mycotoxins by immunoassay
analytical technique (ELISA) and High-performance li-
quid chromatography (HPLC) in straw coming from 17
genotypes of white and yellow maize cultivated during
2009 in the municipality of Tepatitlan, Jalisco. Results
showed a high percentage of occurrence of total afla-
toxins by ELISA (88.2 %) and AFB, by HPLC (84 %) with
average levels of 7.0 + 3.29 ng Kg' and 3.68 + 2.91 ug
Kg' respectively; DON determination by ELISA method
presented 100 % of positive samples, average concen-
tration was 6.04 + 3.49 mg Kg'; regarding the deter-
mination of ZEA by ELISA, 98.5 % of positive samples
was observed with average levels of 1164.6 + 1046.7
ng Kg'and by HPLC 81 % presented average levels of
544.6 + 1035 ug Kg™, no statistical difference was ob-
served among straw of the different genotypes of maize
(p>0.05) in any of the analyzed mycotoxins. It is impor-
tant to mention that none of the samples exceeded the
highest level recommended by the Mexican legislation
for aflatoxins in feed for animals (20 pg Kg'), however,
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Existen pocos reportes sobre la contaminacion de
aflatoxinas totales (AFs), AFB,, deoxinivalenol (DON) y zeara-
lenona (ZEA) en rastrojos de maiz cosechados en México, por
lo que el objetivo del estudio fue determinar la concentracion
de dichas micotoxinas mediante las técnicas analiticas de in-
munoensayo (ELISA) y cromatografia de liquidos de alta pre-
sion (HPLC) en rastrojos procedentes de 17 genotipos de maiz
blanco y amarillo cultivados durante 2009 en el municipio de
Tepatitlan, Jalisco. Los resultados mostraron alto porcentaje de
ocurrencia de aflatoxinas totales por ELISA (88.2 %) y AFB,
mediante HPLC (84 %) con niveles promedio de 7.0 + 3.29
ng Kg'y 3.68 + 2.91 ug Kg' respectivamente; la determina-
cion de DON mediante la técnica de ELISA presenté 100 % de
muestras positivas, la concentracion promedio fue 6.04 + 3.49
mg Kg''; respecto a la determinacion de ZEA por ELISA se ob-
servo 98.5 % de muestras positivas, con niveles promedio de
1164.6 £ 1046.7 ug Kg'y por HPLC 81 % presentaron niveles
promedio de 544.6 + 1035 ug Kg", no se observo diferencia
estadistica entre rastrojos de los diferentes genotipos de maiz
(p>0.05) en ninguna de las micotoxinas analizadas. Destaca
mencionar que ninguna de las muestras superaron el nivel
maximo recomendado por la legislacién mexicana para afla-
toxinas en alimentos de animales (20 pg Kg'), sin embargo,
23.5 % (16/68) de las muestras determinadas por HPLC supe-
raron el limite permitido para AFB, por la Comunidad Europea
(5 ng Kg'); 4.4 % (3/68) superaron los niveles recomendados
para DON (12 mg Kg'); mientras que ZEA mostro 11.8 %
(8/68) de muestras detectadas por ELISA'y 10.3 % (7/68)
por HPLC con niveles que superan los recomendados por
la Comision Europea (2000 pg Kg™'), en México no existe
regulacion para estas micotoxinas.

*Corresponding Author:

Reyes Velazquez Waldina Patricia, Universidad de Guadalajara, Departamento de Salud Publica, Centro Universitario de Ciencias Biolégicas
y Agropecuarias. Km 15.5 Carretera a Nogales, Predio Las Agujas, Nextipac, Zapopan. Jalisco, México. Phone: +52(33) 3682 0574 E-mail:

waldinareyes2@gmail.com

Revista Bio Ciencias 4(1): 3-14

Mayo 2016 3


http://dx.doi.org/10.15741/revbio.04.01.01

Mycotoxins in Maize/Micotoxinas en Maiz

, fevista,

fa i
Bro-cienciay

23.5 % (16/68) of the determined samples by HPLC sur-
passed the limit allowed for AFB, by the European Com-
munity (5 ng Kg'); 4.4 % (3/68) surpassed the levels
allowed by DON (12 mg Kg); while ZEA showed 11.8 %
(8/68) of samples detected for ELISA and 10.3 % (7/68) by
HPLC with levels that exceed those recommended by the
European Commission (2000 pg Kg'), there is no regula-
tion in Mexico for these mycotoxins.
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Introduction

Mycotoxins are secondary metabolites produ-
ced by filamentous fungi that exercise adverse effects on the
health of humans and animals. It has been documented that
ruminants are less susceptible to mycotoxins; however, some
metabolites formed from the original toxin in the rumen can be
more toxic (Veldman et al., 1992). Susceptibility is increased
by the feeds that are generally contaminated by mycotoxins
and the stress generated by the technical exploitation system.
Mycotoxins of higher impact are aflatoxins (AFs), tricothece-
nes (DON and toxin T-2) and zearelenane (ZEA); however,
ocratoxin A, fumonisins (FBs), toxin PR, roquefortine A and
patuline could also be present (Jouany and Diaz, 2008).

Cereals as corn and subproducts aimed to animal consump-
tion with AFs, mainly produced by Aspergillus flavus, A. pa-
rasiticus and A. nomius (Creppy, 2002). The main AFs are
aflatoxin B, (AFB,), AFB,, AFG,, AFG,, AFM, and AFM,, being
AFB, the one found in higher proportion and the one attributed
with clinical effects (Klich et al., 2000); toxic doses in bovines
are related with levels of 300-700 pg Kg, causing a decrease
in feed consumption and weight gain and immunosuppres-
sion (Garret et al., 1968). Deoxinvalenol (DON) is one of the
toxins produced by Fusarium graminearum, the ability of the
microflora of the rumen to perform detoxification allows to
transform the metabolite of de-epoxi-DON (Rotter et al., 1996)
and reduce toxicity; however, high levels of DON in the diet
affect such efficiency. DON is responsible of feed rejection in
ruminant animals reducing nutrient absorption, delay in growth
and immunosuppression effect (Rotter et al., 1996). Zeare-
lenone (ZEA) is a fusariotoxin considered a non-steroidal
estrogen, mainly produced by Fusarium graminearum and
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Introduccién

Las micotoxinas son metabolitos secundarios
producidos por hongos filamentosos que ejercen efectos
adversos sobre la salud de humanos y animales. Se ha do-
cumentado que los rumiantes son menos susceptibles a las
micotoxinas; sin embargo, algunos metabolitos formados
en el rumen a partir de la toxina original pueden ser mas
téxicos (Veldman et al., 1992). La susceptibilidad se incre-
menta por los piensos que estan generalmente contamina-
dos por micotoxinas asi como por el estrés generado por
el sistema de explotacion tecnificado. Las micotoxinas de
mayor impacto son aflatoxinas (AFs), tricotecenos (DON y
toxina T-2) y zearalenona (ZEA), sin embargo, la ocratoxina
A, fumonisinas (FBs), toxina PR, roquefortina A y patulina
también podrian estar presentes (Jouany y Diaz, 2008).

Cereales como el maiz y los subproductos destinados al
consumo animal son considerados de alto riesgo por la
contaminacion con AFs, producidas principalmente por As-
pergillus flavus, A. parasiticus y A. nomius (Creppy, 2002).
Las principales AFs son aflatoxina B, (AFB,), AFB,, AFG,,
AFG,, AFM, y AFM,, siendo AFB, la que se encuentra en
mayor proporcion y a la que se atribuyen los efectos clinicos
(Klich et al., 2000), la dosis toxica en bovinos se relaciona
con niveles de 300-700 ug Kg', ocasionando disminucién
en consumo de alimento y ganancia de peso e inmunosu-
presion (Garret et al., 1968). Deoxinvalenol (DON) es una
de las toxinas producidas por Fusarium graminearum, la
habilidad de la microflora del rumen para detoxificar per-
mite transformar el metabolito de-epoxi-DON (Rotter et al.,
1996) y reducir la toxicidad, sin embargo altos niveles de
DON en la dieta afectan dicha eficiencia. DON es respon-
sable de rechazo del alimento en animales rumiantes redu-
ciendo la absorcion de nutrientes, retraso en crecimiento y
efectos de inmunosupresion (Rotter et al., 1996). Zearale-
nona (ZEA) es una fusariotoxina considerada un estrégeno
no esteroideo, producida principalmente por Fusarium gra-
minearum y F. culmorum, esta micotoxina genera disrup-
cion endocrina y es un substituto de enzimas, lo que oca-
siona sintesis e inactivacion de hormonas, sus principales
metabolitos son o zearalenol y  zearalenol con actividad
estrogénica en receptores del utero y glandulas mamarias
de animales reproductores (Zinedine et al., 2007).
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F. culmorum, this mycotoxin generates endocrine disrup-
tion and is an enzyme substitute, which causes synthesis
and hormone inactivation, their main metabolites are o
zearelenone and 3 zearelenone with estrogenic activity
in uterus receptors and mammary glands of reproductive
animals (Zinedine et al., 2007).

AFB, exposition in animals intended for dairy production re-
presents a risk to public health since metabolites can be eli-
minated in milk. Conversion rate of AFB, to AFM, from feed
to milk is 1 to 6 % (Veldman et al., 1992; EFSA, 2004a),
both metabolites are considered carcinogenic agents type 1
for humans (IARC, 2002). The European Union establishes
as maximum allowed limit of AFB, in feed for lactating ani-
mals 5 ug Kg' (EFSA, 2004a) and 0.05 ug Kg™* of AFM, in
raw milk, thermic treated milk and milk for the fabrication of
dairy products, while the consumption for lactating children
is 0.025 ug Kg' (UE, 165/2010). Mexican law considers as
maximum allowed levels of AFs in feed of bovines and other
lactating species 20 pg Kg' (SS, 2009) and 0.5 ug Kg of
AFM, in raw milk (SS, 2010).

There are few reports published on the elimination of DON
and ZEA in milk; however, investigations indicate limited
risk of exposition since they appear 100 times in less pro-
portion to AFM, in milk (Spahr et al., 1999), the European
Union recommends that feed intended for consumption of
dairy cattle should not exceed concentrations of 12 mg Kg™'
for DON and 2000 pg Kg' for ZEA (EC, 576/2006).

The diets of cows that are high milk producers are mainly
constituted by concentrates and foliage in a proportion of
50-70 %, which are produced and processed usually in dairy
farms. Foliage include green, dry (straw, hay and stubble)
or silages, while concentrates are elaborated with different
ingredients that contribute high levels of protein and energy.
Nowadays, there are a number of reports on the occurrence
of mycotoxins in the ingredients of the concentrates (Placin-
ta et al., 1999); however, information is scarce in foliages,
therefore the aim of this study was to evaluate the conta-
mination by AFs, DON and ZEA in maize straw produced
in a locality in the State of Jalisco, region where the main
livestock exportations in the state are concentrated.

Materials and Methods

At the end of the crop cycle spring-summer
2009 (October 15 to 22), 68 samples of maize straw from

La exposicion a AFB, en animales destinados a la produc-
cion lechera representa un riesgo a la salud publica ya que
los metabolitos pueden ser eliminados en la leche. La tasa
de conversion de AFB, a AFM, del alimento a la leche es
de 1 a6 % (Veldman et al.,, 1992; EFSA, 2004a), ambos
metabolitos son considerados agentes carcinogénicos de
tipo 1 para humanos (IARC, 2002). La Union Europea esta-
blece como limite maximo permitido de AFB, en alimentos
para animales lactantes 5 pg Kg' (EFSA, 2004a) y 0.05 pg
Kg' de AFM, en la leche cruda, leche tratado térmicamente
y leche para la fabricacion de productos lacteos, mientras
que para consumo de nifios lactantes es 0.025 pug Kg' (UE,
165/2010). La legislacion en México considera como nive-
les maximos permitidos de AFs en el alimento de bovinos u
otras especies lactantes 20 ug Kg (SS, 2009) y 0.5 ug Kg™
de AFM, en leche cruda (SS, 2010).

Existen pocos reportes publicados de la eliminacion de
DON y ZEA en la leche, sin embargo, las investigaciones
indican limitado el riesgo de exposicion ya que aparecen
en la leche en una proporcion 100 veces menor a la AFM,
(Spahr et al., 1999), la Union Europea recomienda que ali-
mentos destinados al consumo del ganado lechero no su-
peren concentraciones de 12 mg Kg' para DON y de 2000
ng Kg para ZEA (EC, 576/2006).

Las dietas de vacas altas productoras de leche se cons-
tituyen principalmente de concentrados y forrajes en una
proporcion de 50-75 %, los cuales son producidos y pro-
cesados usualmente en los establos lecheros. Los forra-
jes se incluyen verdes, secos (pajas, henos y rastrojos) o
ensilados, mientras que los concentrados se elaboran con
diferentes ingredientes que aportan altos niveles de protei-
na y energia. Actualmente existen numerosos reportes de
la ocurrencia de micotoxinas en los ingredientes de los con-
centrados (Placinta et al., 1999), sin embargo en forrajes la
informacion es escasa, por lo que el objetivo del presente
estudio fue evaluar la contaminacién por AFs, DON y ZEA
en el rastrojo de maiz producido en una localidad del esta-
do de Jalisco, region donde se concentran las principales
explotaciones pecuarias del estado.

Materiales y Métodos

Al término del ciclo de cultivo primavera-verano
2009 (15 al 22 de octubre), fueron obtenidas aleatoriamen-
te 68 muestras de rastrojo de maiz de planta completa, el
muestreo se realizd en las parcelas experimentales del
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complete plant were obtained randomly; the sampling was
made in the experimental parcels of the Centro Universita-
rio de los Altos de la Universidad de Guadalajara (CuAltos)
located in the municipality of Tepatitlan, Jalisco. Samples
of straw corresponded to 17 genetic materials of corn (4
repetitions of each genotype) grown under a random de-
sign of blocks. Studied genotypes corresponded to 4 whi-
te maize hybrids of late vegetative cycle (H-318, H-319,
H-321, H-358); 7 varieties of yellow maize of free pollina-
tion: 6 of early vegetative cycle (1058, 1060, 1065, 1068R,
1069, 1075) and 1 of intermediate early cycle (1071); and
6 improved experimental varieties (CHIx1058, ExpS1XZac,
ExpS1xAJ, CrAMA-ZAM, Comp-GUAY and 1463 AMA).
Samples were harvested once the physiological maturity of
the maize was reached and they were drained in stove at
60 °C during 48 hours; they were after ground in a blade mill
at a size of 1 mm diameter of particle (Thomas Arthur H. Co.
brand). Samples were conserved at room temperature in
polyethylene bottles until their processing. Analytical deter-
minations for AFs, ZEA and DON were performed by ELISA
(AgraQuant assay. Romer Labs), while AFB, and ZEA were
analized by HPLC. All samples were analyzed in duplicate.

Determination of Aflatoxins

HPLC Technique for AFB,: the methodology propo-
sed by Trucksess et al., (1994) for complex matresses was
used; performing validation of AFB, (Sigma Aldrich Chemi-
cal Co. St Louis, Mo) at concentrations of 0.01 ng g and
0.03 ng g, obtaining 85 % of recuperation and a variation
coefficient of 15 %. Extraction consisted in homogenizing
25 g of sample with 100 mL of acetonitrile:water (84:16 v/v)
by constant agitation during 30 min. After, 8 mL of the filte-
red extract were passed by the column Mycosep 228, 4 mL
were evaporated by nitrogen and the dry extract was redis-
solved with 400 uL of mobile phase. 200 L of the extract
with 700 pL of trifluoracethic acid/ glacial acetic acid/water
(20: 10: 70) were derivatized during 8.5 min at 65 °C in
bain-marie. 100 pL of derivatized solution were injected to
a column of reverse phase (C18, 250 mm x 4.6 mm, 5 ym.
Beckman Coulter, Ultrasphere), connected to a pre-column
(C18, 20 mm x 4.6 mm, 5 pm, Phenomenex). The mobile
phase consisted of water: acetonitrile:methanol (4:1:1) at a
flux of 1.5 mL/min. The lengths of excitation and emission
were 360 nm and 440 nm, respectively. AFB, detection limit:
3 pg Kg'. Quantification limit: 5 pg Kg-'. The system con-
sisted of a chromatographer AGILENT 1100 equipped
with a bomb (Palo Alto, CA, USA) and a programmable
fluorescence detector, connected to a working station
AGILENT (ChemSation Rev.a 10.01).

Centro Universitario de los Altos de la Universidad de Gua-
dalajara (CuAltos) ubicadas en el municipio de Tepatitlan,
Jalisco. Las muestras de rastrojo correspondieron a 17 ma-
teriales genéticos de maiz (4 repeticiones de cada genotipo)
sembrados bajo un disefio de bloques al azar. Los genotipos
estudiados correspondieron a 4 hibridos de maiz blanco de
ciclo vegetativo tardio (H-318, H-319, H-321, H-358); 7 va-
riedades de maiz amarillo de polinizacion libre: 6 de ciclo
vegetativo precoz (1058, 1060, 1065, 1068R, 1069, 1075)
y 1 de ciclo intermedio precoz (1071); y 6 variedades expe-
rimentales mejoradas (CHIx1058, ExpS1XZac, ExpS1xAJ,
CrAMA-ZAM, Comp-GUAY y 1463 AMA). Las muestras fue-
ron cosechadas una vez alcanzada la madurez fisiologica
del maiz y se desecaron en estufa a temperatura de 60°
C durante 48 horas, posteriormente se molieron en molino
de cuchillas a un tamafio de particula de 1 mm de diametro
(Marca Thomas Arthur H. Co.). Las muestras se conserva-
ron a temperatura ambiente en frascos de polietietileno has-
ta su procesamiento. Las determinaciones analiticas para
AFs, ZEAy DON se realizaron mediante ELISA (AgraQuant
Assay, Romer Labs), mientras que por HPLC se determiné
la concentracion de AFB, y ZEA. Todas las muestras fueron
analizadas por duplicado.

Determinacion de Aflatoxinas

Técnica de HPLC para AFB,: se utilizo la metodo-
logia propuesta por Trucksess et al., (1994) para matrices
complejas. El estandar de AFB, fue comprado a Sigma-
Aldrich (Chemical Co., St. Louis, MO), realizando la vali-
dacion de AFB, a concentraciones de 0.01 ng g™y 0.03 ng
g obteniendo 85 % de recuperacion y un coeficiente de
variacion del 15 %. La extraccion consistié en homogenizar
25 g de muestra con 100 mL de acetonitrilo:agua (84:16
v/v) mediante agitacién constante por 30 min. Posterior-
mente se pasaron 8 mL del extracto filtrado por la columna
Mycosep 228, se evaporaron 4 mL mediante nitrégeno y
se redisolvio el extracto seco con 400 uL de fase movil. Se
derivatizaron 200 pL del extracto con 700 pL de solucion
acido trifluoracético/acido acético glacial/agua (20:10:70)
durante 8.5 min a 65 °C en bafio Maria. Se inyectaron 100
pL de solucion derivatizada a una columna fase reversa
(C18, 250 mm x 4.6 mm, 5 pm. Beckman Coulter, Ultras-
phere), conectada a una precolumna (C18, 20 mm x 4.6
mm, 5 ym, Phenomenex). La fase movil consistié en agua:
acetonitrilo:metanol (4:1:1) a un flujo de 1.5 mL min-'. Las lon-
gitudes de excitacion y emision fueron de 360 nm y 440 nm
respectivamente. Limite de deteccion de AFB,: 3 ug Kg™.
Limite de cuantificacion: 5 pg Kg'. El sistema consistié en
un cromatografo AGILENT 1100 equipado con una bomba
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ELISA method: extraction consisted in blending 20 g of
the sample with 100 mL of methanol at 70 % during 3
min. After, the extract was filtered in Whatman paper No.
1 and it was adjusted at pH 7. Assay: 200 pL of the com-
bined were added to each dilution well, after, 100 pL of
standards (0, 4, 20, 40 ug Kg') or samples were added.
100 pL from the content were transferred to the wells with
antibodies to incubate during 15 min. The content of the
wells was discarded and washed with deionized water 5
times. After drying the well column, 100 pL of sustrate
were added to each well and incubated during 5 minutes.
After, 100 pL were added to the Stop solution. The mea-
surement of optical densities was made with an ELISA
reader using a 450 nm filter and one of reference of 630
nm. Detection limit of total AFs: 3 ug Kg-'. Quantification
limit: 4 pg Kg' (Quantification range: 4-40 ug Kg').

Determination of DON

ELISA method: the extraction of the sample was
made using deionized water (100 mL) to blend with 20 g of
sample during 3 min. After, the extract filtered in Whatman
paper No.1 was diluted 1:4 with deionized water. The im-
munoassay test was made using DON standards of 0.25;
1.0; 2.0 and 5.0 mg Kg™'. Assay: the procedure was similar
to the one developed for total AFs and ZEA. Detection limit:
0.2 mg Kg™'. Quantification limit: 0.25 mg Kg™ (Quantifica-
tion range: 0.25-5.0 mg Kg*').

Determination of ZEA

HPLC method: methodology described by Viscon-
ti and Pascale (1998) was used. The ZEA standard was
bought to Sigma-Aldrich (Chemical Co., St. Louis, MO);
stock solutions were prepared with methanol (1 mg mL"),
the experiment of recuperation was developed with free
maize (white) samples adding levels of ZEA of 0.1; 0.5;
1.0; 2.0; 4.0 and 10.0 mg g and 82 % of average recupe-
ration was reported and variation coefficient of 15 %. For
the extraction, 20 g of ground sample with 2 g of KLC and
100 mL of acetonitrile:water (90:10 v/v) were homogenized,
keeping agitation for 30 min. Next, the extract was filtered
and 10 mL were dissolved with 90 mL of distilled water. The
diluted extract was passed through a microfiber glass filter
GF/A, then, 10 mL of the extract filtered were passed
through a column of immonoafinity ZearalaTest (Vicam),
washing with distilled water twice; ZEA was eluted with
1.5 mL of methanol at 100 %, collecting in vial the extract
was evaporated to dryness with nitrogen and redissol-
ved with 250 pL of mobile phase. 100 pL of the extract
were injected in a column of reverse phase (C18, 150

(Palo Alto, CA, USA) y detector de fluorescencia progra-
mable, conectados a una estacion de trabajo AGILENT
(ChemSation Rev.a 10.01).

Técnica ELISA: la extraccion consistio en licuar 20 g de
muestra con 100 mL de metanol al 70 % durante 3 min. Pos-
teriormente el extracto se filtré en papel Whatman No. 1y se
ajusté a pH 7. Ensayo: se agregaron 200 pL del conjugado
a cada pocillo de dilucién, después se afadieron 100 pL de
estandares (0, 4, 20, 40 ng Kg') o de las muestras. Se trans-
firieron 100 pL del contenido a los pocillos con anticuerpos
para incubar por 15 min. Se descart6 el contenido de los
pocillos y lavaron con agua desionizada durante 5 veces.
Después de secar la tira de pocillos se agregaron 100 pL de
substrato en cada pocillo e incubd por 5 min. Posteriormen-
te se agregaron 100 pL de la solucion Stop para detener la
reaccion. La medicion de las densidades Opticas se realizé
con un lector de ELISA utilizando un filtro de 450 nm y uno
de referencia de 630 nm. Limite de deteccion de AFs totales:
3 yg Kg'. Limite de cuantificacion 4 ug Kg' (Rango de cuan-
tificacion: 4-40 pg Kg™).

Determinacion de DON

Técnica de ELISA: la extraccion de la muestra se rea-
lizé utilizando agua desionizada (100 mL) para licuar con 20 g
de muestra durante 3 min. Posteriormente se diluyo el extracto
filtrado en papel Whatman No. 1 en proporcién 1:4 con agua
desionizada. La prueba de inmunoensayo se efectto utilizando
estandares de DON de 0.25; 1.0; 2.0 y 5.0 mg Kg'. Ensayo:
el procedimiento fue similar al desarrollado para AFs totales y
ZEA. Limite de deteccién: 0.2 mg Kg'. Limite de cuantificacion:
0.25 mg Kg' (Rango de cuantificacion: 0.25 — 5.0 mg Kg™).

Determinacion de ZEA

Técnica de HPLC: se utilizé la metodologia descrita
por Visconti y Pascale (1998). El estandar de ZEA fue com-
prado a Sigma-Aldrich (Chemical Co., St. Louis, MO), las
soluciones stock se prepararon con metanol (1 mg mL"),
el experimento de recuperacioén se desarrollé con muestras
de maiz libre (blanco) agregando niveles de ZEA de 0.1;
0.5;1.0;2.0; 4.0y 10.0 mg gy se reportd 82 % de recupe-
racion promedio y coeficiente de variacion del 15 %. Para
la extraccion se procedié a homogenizar 20 g de muestra
molida con 2 g de KCLy 100 mL de acetonitrilo:agua (90:10
v/v), manteniendo en agitacién por 30 min. Posteriormente el
extracto se filtré y 10 mL se diluyeron con 90 mL de agua des-
tilada. El extracto diluido se paso a través de filtro microfibra de
vidrio GF/A, después 10 mL del extracto filtrado se pasaron a
través de una columna de inmunoafinidad ZearalaTest (Vicam),
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mm x 4.6 mm, 5 ym, SUPELCO, SUPELCOSIL™ LC-
ABZ), connected to a precolumn C. The mobile phase
used was methanol:water (70:30) at a flow of 1 mL/min.
The system consisted in a chromatographer AGILENT
1100 equipped with a bomb (Palo Alto, CA, USA) and
detector of programmable fluorescence, connected to a
work station AGILENT (ChemSation Rev.a 10.01). The
lengths of excitation and emission were 280 nm and
460 nm, respectively. Detection limit for ZEA: 3 ug Kg.
Quantification limit: 5 pg Kg.

ELISA method: extraction was made from 20 g of groun-
ded sample with 100 mL of methanol at 70 % and 4 g
of NaCl and blended during 3 min. The filtered extract
in Whatman No. 1 was dissolved in a relation 1:5 with
methanol at 70 %. Assay: 200 pL from the conjugated
was added to each well of dilution and 100 pL of stan-
dards was added (0, 40, 100, 300 and 1000 pg Kg') and
the samples. The procedure was similar to the one used
with aflatoxins. The measurement of the optical densities
was made with an ELISA reader using a 450 nm filter and
one of reference of 630 nm. Detection limit: 20 pg Kg™.
Quantification limit: 40 ung Kg™' (Quantification range: 40
— 1000 pg Kg™).

Results were contrasted by ANOVA at a significance
level of 0.05 and a Tukey test was applied to compare
the average levels between white, yellow and improved
maize straw; the program Sigma Stat version 3.1 for Win-
dows was used.

Results and Discussion

Table 1 presents the average levels of AFs, DON
and ZEA in the samples of maize straw analyzed by ELISA
and HPLC. No statistical difference (p>0.05) was observed
between the different genotypes of white, yellow and impro-
ved maize. Total aflatoxins were detected in 88.2 % in sam-
ples by ELISA, the average concentration was 7.0 + 3.29 ng
Kg™ (range: 1.2-28.2 ug Kg'), only one sample surpassed
the maximum limit established by the Mexican Normativi-
ty (SS, 2009), the higher concentration was present in
maize straw from the variety 1071 (12.66 + 10.45 ng
Kg'). HPLC, AFB, was detected in 84 % of the samples
of maize straw, levels fluctuated from 0.22 to 8.5 pg Kg-'
(average of 3.68 + 2.91 ug Kg'), 23.5 % (16/68) of the
samples presented superiors levels to those establis-
hed by European Union (UE, 2010). In Mexico there is

lavando con agua destilada dos veces; ZEA se eluy6 con 1.5
mL de metanol al 100 % colectando en vial, el extracto fue eva-
porado a sequedad con nitrégeno y redisuelto con 250 uL de
fase movil. Fueron inyectados 100 uL del extracto en una co-
lumna fase reversa (C18, 150 mm x 4.6 mm, 5 um, SUPELCO,
SUPELCOSIL™ LC-ABZ), conectada a una precolumna (C18,
20 mm x 4.6 mm, 5 ym, Phenomenex). La fase movil empleada
fue metanol:agua (70:30) a un flujo de 1 mL min™'. El sistema
consisti6 en un cromatégrafo AGILENT 1100 equipado con
una bomba (Palo Alto, CA, USA) y detector de fluorescencia
programable, conectados a una estacién de trabajo AGILENT
(ChemSation Rev.a 10.01). Las longitudes de excitacion y emi-
sion fueron de 280 nm y 460 nm respectivamente. Limite de de-
teccion para ZEA: 3 ug Kg™'. Limite de cuantificacion: 5 pg Kg.

Técnica de ELISA: la extraccion se realizé a partir de 20 g
de muestra molida con 100 mL de metanol al 70 % y 4 g de
NaCl y se licuod por 3 min. El extracto filtrado en Whatman
No. 1 se diluy6 1:5 con metanol al 70 %. Ensayo: se agregé
200 pL del conjugado a cada pocillo de dilucion y se afiadio
100 pL de estandares (0, 40, 100, 300 y 1000 ug Kg') y
de las muestras. El procedimiento fue similar al utilizado
con aflatoxinas. La medicién de las densidades opticas se
realizé con un lector de ELISA utilizando un filtro de 450
nm y uno de referencia de 630 nm. Limite de deteccion:
20 pg Kg'. Limite de cuantificacion: 40 pg Kg'. (Rango de
cuantificacion: 40 — 1000 pg Kg').

Los resultados fueron contrastados mediante ANOVA a un
nivel de significancia de 0.05 y se aplico la prueba de Tukey
para comparacion de los niveles promedio entre rastrojos
de maiz blanco, amarillo y de tipo mejorado; se utilizé el
programa Sigma Stat versién 3.1 para Windows.

Resultados y Discusion

La tabla 1 presenta los niveles promedio de
AFs, DON y ZEA en las muestras de rastrojo de maiz ana-
lizadas mediante ELISAy HPLC. No se observé diferencia
estadistica (p>0.05) entre los distintos genotipos de maiz
blanco, amarillo o de tipo mejorado. Aflatoxinas totales fue-
ron detectadas en 88.2 % de las muestras mediante ELI-
SA, la concentracion promedio fue 7.0 + 3.29 ug Kg (rango:
1.2-28.2 ug Kg'), solo una muestra supero el limite maxi-
mo establecido por la Normatividad Mexicana (SS, 2009),
la mayor concentracion se presenté en el rastrojo de maiz
procedente de la variedad 1071 (12.66 + 10.45 pg Kg'). Me-
diante HPLC se detecto AFB, en 84 % de las muestras de
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Table 1.
Average levels of aflatoxins, deoxynivalenol and zearelenone detected by
HPLC and ELISA in maize straw

Tabla 1.
Niveles promedio de aflatoxinas, deoxinivalenol y zearalenona detectados mediante
HPLC y ELISA en el rastrojo de maiz

Aflatoxins (mg Kg) Zearelenone (mg Kg') Deoxynivalenol

(mg Kg")
ELISA * HPLC ** ELISA HPLC ELISA

Average * DE Average * DE Average * DE Average * DE Average * DE
White maize
H-318 7.76 £0.42 3.64 +3.81 608.10 + 677.3 167.5 + 103.08 6.02 £ 1.96
H-319 8.28 £ 1.02 3.53+2.85 312.86 + 298.4 127.5 + 125.80 4.92+277
H-321 9.55+2.23 3.64 + 3.56 609.97 + 951.9 2065 + 2641.13 6.73£4.94
H-358 9.91+4.39 3.94 +2.61 3898.80 + 3015.1 642.5 +£ 978.04 5.72 +2.03
Yellow maize
1058 8.39+4.72 2.08+1.1 147.10 £ 129.4 Nd 4031234
1060 8.57 £6.73 1.58+2.0 718.25+318.8 260 +216.80 3.75+1.28
1065 10.36 + 3.38 1.85+253  2831.90 + 4657.9 1900 + 1808.79 3.66 + 1.43
1068R 574 +£3.13 4.44 + 258 513.32 + 256.6 75+ 67.58 6.44 £ 2.85
1069 7.64 £1.62 0.78 £ 0.90 522.02 + 574.7 180 + 92.01 6.62 £ 2.63
1071 12.66 + 10.45 2.79+143 920.0 £ 504.6 282.5 + 353.87 5.80 + 2.65
1075 8.1+1.41 3.87 £2.59 2592.8 + 3186.3 342.5 + 384.05 8.54 +4.22
Improved
CHIH1058 3.56 + 3.07 3.42+245 922.47 + 620.9 637.5+979.74 6.46 £ 2.91
EXPS1XZAC 9.16 £ 4.60 3.28 +3.29 1110.77 £ 549.1 192 +35.0 6.29 £4.72
EXPS2XAJ 7.15+5.62 3.55+2.32 378.55 +275.9 Nd 6.13+£2.28
CrAMAZAM 2.93+5.20 1.73+2.77 1175.50 + 899.0 940 + 1023.33 9.17 £9.12
COMGUAY 3.33+4.15 2.02 +2.08 1955.41 +2059.3 1231.25 £ 1150.65 6.99 + 2.09
1463AMA 0.30 £ 0.60 4.0+1.89 499.97 + 369.8 106.25 + 107.65 5.47 +2.63
Percentage 88.2% (60/68)  84% (57/68) 98.5% (67/68) 81% (55/68) 100% (68/68)
(positive/totals)
Average/Technique 7.0+3.29 3.68 £2.91 1164.6 + 1046.7 544.6 + 1.035 6.04 £ 3.49

*Total aflatoxins **AFB1 DE: standard deviation; Nd: non-detected.
*Aflatoxinas totales **AFB1 DE: desviacion estandar; Nd: no detectado.
Revista Bio Ciencias 4(1): 3-14 Mayo 2016 9
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no maximum level allowed for AFB,, which should be
revised by the legislation since this metabolite is res-
ponsible of the main toxicological effects and the pre-
sence of the metabolite AFM, in milk represents a risk to
public health (Fink-Gremmels, 2008). A previous study
made in the region of “Los Altos de Jalisco” during 2008
showed contamination with AFs in 92.5 % in rations of
bovines producers of milk (range: 4.82 to 24.89 ng Kg-
'), 80 % of the milk samples presented AFM, in average
levels of 0.023 ug L' (Reyes et al., 2009), while in the
maize silage concentration of AFs fluctuated from 12.5
to 15.7 png Kg™, in addition to reporting co-occurrence
with other mycotoxins (Reyes-Velazquez et al., 2008).

Worldwide, there are diverse reports on the concen-
tration of aflatoxins in bovine feeding, amongst which
those performed during 10 years (1995-2004) in Portu-
gal stand out, period in which there was low occurrence
of AFB, found with levels of 5.1 to 74 ug Kg', 6.2 %
(62/374) of the samples surpassed the limit allowed by
the European Union (Martins et al., 2007). Research in
Kenia during 2006-2007 showed 86 % of positive sam-
ples of AFB, in cow feed, from which 67 % exceeded
the established by the legislation (5 ug Kg'), detecting
AFM, in 72 % of milk samples, 20 % exceeded the li-
mit allowed by the FAO/WHO in 1992 (Kang'ethe et al.,
2009). In Tunisia, from 2008 to 2010, reports indicated
high occurrence of AFB, in feed for bovine, 84.4 % of
the samples presented average levels of 18.7 + 1.4 ug
Kg', 22.4 % of the samples surpassed the limit allowed
by the European Union, observing AFB, in plasma and
transference of AFM, to milk (Abbés et al., 2012). In in-
gredients and manufactured feed in diverse regions of
Turkey, AFB, was present in average levels of 3.37 pg
Kg' and 2.82 pg Kg'in the feed of bovines producers
of milk and beef, respectively; maize grain (average 58
ug Kg) and dry grain of distillery (70 ng Kg') presented
the higher contamination with values that exceeded the
limits allowed by regulation in Turkey, apart from detec-
ting AFM, in samples of milk in a range of 2.48 to 18.93
ng Kg' (Oruc et al., 2012). Posterior studies in Turkey
showed the presence of AFB,, AFB,, AFG, and AFG, in
26.3,7.89, 5.26 and 5.26 %, respectively, in feed for bo-
vine, sheep, goats and chicken, level for AFB, showed a
range of 0 to 3.31 ug Kg' (Bilal et al., 2014).

Regarding the detection of DON in maize straw, it was
only determined by ELISA, finding 100 % of positi-
ve samples of 1.74 to 22.44 mg Kg' (average 6.04 +

rastrojo de maiz, los niveles fluctuaron de 0.22 a 8.5 ug Kg™*
(promedio de 3.68 + 2.91 ug Kg'), el 23.5 % (16/68) de las
muestras presentaron niveles superiores a los establecidos
por la Unién Europea (UE, 2010). En México no se tiene ni-
vel maximo permitido para AFB,, lo cual debe ser revisado
por la legislaciéon ya que este metabolito es responsable de
los principales efectos toxicoldgicos y la presencia del meta-
bolito AFM, en la leche representa un riesgo a la salud pu-
blica (Fink-Gremmels, 2008). Previo estudio realizado en la
region de “los Altos Jalisco” durante 2008 mostré contamina-
cién con AFs en 92.5 % en raciones de bovinos productores
de leche (rango: 4.82 a 24.89 ug Kg'), 80 % de las mues-
tras de leche presentaron AFM, en niveles promedio de
0.023 png L' (Reyes et al., 2009), mientras que en ensilado
de maiz la concentracion de AFs fluctué de 12.5a 15.7 ug
Kg', ademas de reportarse co-ocurrencia con otras mico-
toxinas (Reyes-Velazquez et al., 2008).

Anivel mundial existen diversos reportes de la concentracion
de aflatoxinas en alimentos de bovinos, entre los que desta-
can los efectuados durante 10 afios (1995-2004) en Portu-
gal, periodo en que se encontro baja ocurrencia de AFB, con
niveles de 5.1 a 74 ug Kg', 6.2 % (62/374) de las muestras
superaron el limite permitido por la Unién Europea (Martins
et al., 2007). Investigaciones en Kenia durante 2006-2007
mostraron 86 % de muestras positivas a AFB, en alimentos
de vacas, de las cuales 67 % excedieron lo establecido por
la legislacion (5 pg Kg'), detectandose AFM, en 72 % de
muestras de leche, 20 % superaron el limite recomendado
por la FAO/OMS en 1992 (Kang'ethe et al., 2009). En Tu-
nez de 2008 a 2010 los reportes indicaron alta ocurrencia
de AFB, en alimentos para bovinos, 84.4 % de las muestras
presentaron niveles promedio de 18.7 + 1.4 ug Kg', 22.4
% de las muestras sobrepasaron el limite permitido por la
Unién Europea, observandose AFB, en plasma y transferen-
cia de AFM, a laleche (Abbés et al., 2012). En ingredientes y
alimentos manufacturados en diversas regiones de Turquia,
AFB, se presento en niveles promedio de 3.37 pg Kg'y 2.82
ug Kg en el alimento de bovinos productores de leche y car-
ne respectivamente, el grano de maiz (promedio: 58 ug Kg')
y los granos secos de destileria (70 ug Kg') presentaron la
mayor contaminacion con valores que sobrepasaron el limite
permitido por la regulacién en Turquia, ademas de detectar-
se en muestras de leche AFM, en un rango de 2.48 a 18.93
ng Kg' (Oruc et al., 2012). Posteriores estudios en Turquia
demostraron la presencia de AFB,, AFB,, AFG, y AFG, en
26.3, 7.89, 5.26 y 5.26 % respectivamente en alimentos de
bovinos, borregos, cabras y pollos, los niveles para AFB,
mostraron un rango de 0 a 3.31 ug Kg' (Bilal et al., 2014).
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3.49 mg Kg'), 4.4 % of the samples (3/68) surpassed
the maximum limit recommended for DON (12 mg Kg-')
in subproducts of maize aimed to animal consumption
(EC, 576/2006). About the presence of ZEA in maize
straw, determinations by ELISA showed 98.5 % of posi-
tive samples, detected levels were 4.6 to 9758 pg Kg™
(average 1164.6 £1046.7 ug Kg), 11.8 % of the sample
of straw analyzed (8/68) exceeded the limit recommen-
ded of ZEA (2000 pg Kg™) in subproducts of maize for
animal consumption. Detection by HPLC showed 81 %
of the samples as positive, detected levels were 20 to
5800 pg Kg' (average 544.6 + 1035 pg Kg'), 10.3 %
of the samples of straw analyzed (7/68) surpassed the
maximum level recommended by the European Union.
In Jalisco state, reported studies in maize silage (Re-
yes-Velazquez et al., 2008) showed contamination with
AFs, FBs, DON, ochratoxin A and ZEA, showing DON
1.4-6.7 mg Kg') and ZEA (168-482 ng Kg') the highest
concentration, which coincides with other research at a
worldwide level (Driehuis et al., 2008; Kim et al., 2012;
Oruc et al., 2012; Bilal et al., 2014).

It is frequent to find co-occurrence of DON and ZEA in
foliage. In maize silage evaluated in the state of North
Carolina (USA) in a period from 1989 to 1997, DON ex-
ceeded 50 pg Kg'in 66 % of the samples and the levels
of ZEA were higher than 70 pg Kg'in 30 % of the sam-
ples (Witlow and Hagler, 2005). In Holland, during 2002
to 2004, incidence of DON and ZEA in maize silage was
high, 72 % of the samples presented DON levels higher
than 250 ug Kg'and 49 % of the same detected ZEA on
25 pg Kg™' (Driehuis et al., 2008). In Turkey, researchers
reported contamination of AFB,, DON and ZEA in raw
material and finished feed for animals, AFB, was detec-
ted in 100 % of the samples with average levels of 8.26 +
2.19 ng Kg™', 75 % were positive to DON and 33 % to ZEA
with average levels of 2.5 mg Kg' and 110 pg Kg' res-
pectively; determinations were made by ELISA (Oruc et
al., 2012). Monitoring made in Poland from 2006 to 2009
showed DON values of 409 to 14470 ng g in cereals,
silage and balanced feed and ZEA from 292 to 603 ng g
in cereals and 116 to 1150 ng g'in silage; determinations
were made by HPLC (Grajewski et al., 2012). Infection in
field of F. graminearum in maize crop has shown invaria-
ble contamination by DON and ZEA, while in wheat crop
it is usually observed high levels of DON and low levels
of ZEA or absence of it (EFSA, 2004b).

Respecto a la deteccion de DON en el rastrojo de maiz, solo se
determin6 mediante ELISA, encontrandose 100 % de muestras
positivas con niveles de 1.74 a 22.44 mg Kg™' (promedio 6.04 +
3.49 mg Kg'), 4.4 % de las muestras (3/68) superaron el limite
maximo recomendado para DON (12 mg Kg') en subproduc-
tos de maiz destinados a consumo animal (EC, 576/2006). En
cuanto la presencia de ZEA en el rastrojo de maiz, las determi-
naciones por ELISA mostraron 98.5 % de muestras positivas,
los niveles detectados fueron de 4.6 a 9758 pg Kg' (promedio
1164.6 +1046.7 pug Kg'), 11.8 % de las muestra del rastrojo
analizado (8/68) superaron el nivel maximo recomendado de
ZEA (2000 pg Kg') en subproductos de maiz para consumo
animal. La deteccion mediante HPLC mostré 81 % de muestras
positivas, los niveles detectados fueron de 20 a 5800 ug Kg”'
(promedio 544.6 + 1035 pg Kg'), 10.3 % de las muestras del
rastrojo analizado (7/68) superaron el nivel maximo recomen-
dado por la Unién Europea. En el estado de Jalisco los estudios
reportados en ensilado de maiz (Reyes-Velazquez et al., 2008)
mostraron contaminacion con AFs, FBs, DON, ocratoxina A 'y
ZEA, mostrando la mayor concentracién DON (1.4-6.7 mg Kg-
")y ZEA (168-482 ug Kg™), lo cual coincide con otras investi-
gaciones a nivel mundial (Driehuis et al., 2008; Dong-Ho et al.,
2014; Oruc et al., 2012; Bilal et al., 2014).

Es frecuente encontrar co-ocurrencia de DON y ZEA en forra-
jes. En ensilado de maiz evaluado en el estado de Carolina del
Norte (USA) en un periodo de 1989 a 1997 DON excedi6 50 pg
Kg' en 66 % de las muestras y los niveles de ZEA fueron ma-
yores de 70 ug Kg'en 30 % de las muestras (Witlow y Hagler,
2005). En Holanda durante 2002 a 2004 la incidencia de DON y
ZEA en ensilado de maiz fue elevada, el 72 % de las muestras
presentd niveles de DON mayores a 250 ug Kg'y 49 % de las
mismas detectaron ZEA sobre 25 ug Kg' (Driehuis et al., 2008).
En Turquia los investigadores reportaron contaminacion de
AFB,, DON y ZEA en materias primas y alimentos terminados
para animales, AFB, se detect6 en 100 % de las muestras con
niveles promedio de 8.26 + 2.19 ug Kg', 75 % fueron positivas
a DON y 33 % a ZEA con niveles promedio de 2.5 mg Kg' y
110 ug Kg' respectivamente, las determinaciones se realiza-
ron mediante ELISA (Oruc et al., 2012). El monitoreo realizado
en Polonia de 2006 a 2009, mostrd valores de DON de 409 a
14470 ng g' en cereales, ensilados y alimentos balanceados y
ZEA de 292 a 603 ng g' en cereales y de 116 a 1150 ng g™' en
ensilados, las determinaciones fueron por HPLC (Grajewski et
al., 2012). La infeccién en campo de F. graminearum en el culti-
vo de maiz ha demostrado invariablemente contaminacion por
DON y ZEA, mientras que en el cultivo de trigo por lo general
se observan altos niveles de DON y usualmente bajos de ZEA
o ausencia de la misma (EFSA, 2004b).
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Conclusions

Maize straw harvested during 2009 in Tepa-
titlan, Jalisco, Mexico, showed high percentage of AFs,
DON and ZEA, average levels detected were under de
tolerable limits of Mexican normativity; however, high
frequency of reported contamination in the studied zone
require a systemic control in field and storage, and re-
search that evaluate the security of the ingredients and
products aimed to human and animal feeding.
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