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SUMMARY

Inhibition of aflatoxin Bl production and A. flavus biomass ac-
cumulation in stored maize with volatile compounds (VCs) produced
by T. harzianum was achieved under laboratory conditions. Gamma-
irradiated (3Kgrey) maize grains inoculated with A. flavus were ex-
posed to VCs produced by T. harzianum cultured for 15 days in Malt
Extract Agar (MEA) or Defatted Corn Germ - Rice Husk (DCGRH)
media. A. flavus biomass accumulation and aflatoxin Bl production

decreased by 31.7% and 51.87%, respectively, when T. harzianum
was cultured in MEA. No inhibitory effect was seen in DCGRH, at
the same laboratory scale conditions. However, when VCs production
on DCGRH medium was scaled 24X, the proliferation of A. flavus
was significantly inhibited (90%). These results confirm the useful-
ness of T. harzianum as a biocontrol agent for toxigenic fungi in
stored grains and its possible role in mycotoxin reduction.

INH,IBICI(’)N DEL CRECIMIENTO DE A§pergillus favus Y PRODUC(;I()N DE AFLATOXINA B1 EN GRANOS DE
MAIZ ALMACENADOS BAJO LA ACCION DE COMPUESTOS VOLATILES DE Trichoderma harzianum RIFAI
Luisa Elena Mejia Agiiero, Rafael Alvarado, Amaury Martinez y Blas Dorta

RESUMEN

Se demostro que el mecanismo basado en la accion de los com-
puestos voldtiles (CVs) generados por Trichoderma harzianum, re-
sulto factible en el control de crecimiento en biomasa de Asper-
gillus flavus y la produccion de aflatoxina Bl en granos de maiz
almacenados a escala de laboratorio. Los granos de maiz tratados
con radiacion gamma (3Kgrey) e inoculados posteriormente con A.
flavus, fueron expuestos a los CVs producidos y acumulados por T.
harzianum luego de 15 dias de cultivo en los medios Agar Extracto
de Malta (AEM) y Germen Desgrasado de Maiz - Cdscara de Ar-
roz (GDMCA). Se observé una reduccion de 31,7% en la biomasa

de A. flavus acumulada en maiz y una reduccion de 51,78% en la
produccion de aflatoxina Bl cuando se empleo el medio AEM para
el cultivo de T. harzianum. No se observé inhibicion cuando se em-
pleé el medio GDMCA a la misma escala de laboratorio. Sin em-
bargo, cuando la produccion de CVs a partir del medio GDMCA
fue escalada en 24X, la proliferacion de A. flavus se redujo en un
90%. Los resultados obtenidos ponen de manifiesto el potencial de
T. harzianum como agente biocontrolador de hongos micotoxigé-
nicos en granos almacenados, y sus posibles implicaciones en la
reduccion de micotoxinas.

Introduction

The widespread occurrence of
mycotoxins in cereal grains for
human consumption and animal
feed, as reflected in many re-
ports (Mora and Lacey, 1997;
Abdullah et al., 1998; Dalcero
et al., 1998; Shollenberger et al.,
1999; Dutta and Das, 2001) in-
dicates an increased proliferation
of filamentous toxigenic fungi
on these foodstuffs.

Maize grains are frequently
contaminated by the mycotoxi-
genic fungi Aspergillus flavus,
known to produce aflatoxin B1,
one of the most potent carcino-

genic and citotoxic compounds
for man and some animal spe-
cies (Foster et al., 1983; WHO/
IARC, 1993; Lewis et al., 1999;
Palanee et al., 2000).

Corn is the cereal with the
highest demand in Venezuela.
In consequence, many studies
have been oriented towards the
description of fungal micro-
flora and mycotoxins associated
to this agricultural commodity
(Martinez et al., 1987, Maz-
zani et al., 1999, 2000, 2001,
Raybaudi and Martinez, 2000).
These studies reveal, alarmingly,
that A. flavus constitutes one of
the principal contaminant fungi

in corn consumed in Venezuela,
and aflatoxins produced by it
have been found at significant
levels in assayed samples.

The majority of fungal control
methods for maize are based on
the application of wide-spectrum
chemical agents. These present,
however, multiple deficiencies
such as animal and human toxic-
ity, environmental contamination,
induced resistance and low effec-
tiveness on seeds colonized by
fungi in which mycotoxins have
already been produced (OMS,
1992; PAHO/WHO, 1993; Cal-
istru et al., 1997b; Gisi et al.,
2002). This situation has neces-

sitated the implementation of al-
ternative control strategies at the
levels of production and storage,
especially when dealing with
fungi with low humidity require-
ments. Among these new strate-
gies is biological control, based
on the antagonic action of one
microorganism over another by
attacking and contaminating cul-
tures. So far, the most promising
group for mycopathogen control
belongs to the Genus Trichoder-
ma, due to a variety of factors
(Elad et al., 1983; Lorito et al.,
1993; Calistru et al., 1997a, b;
Yedidia et al., 1999, 2000; How-
ell et al., 2000; Cooney et al.,
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INIBICAO DO CRESCIMENTO DE Aspergillus flavus E PRODU(;AO DE AFLATOXINA B1 EM GRAOS DE MILHO
ARMAZENADOS NA PRESENCA DE COMPOSTOS VOLATEIS DE Trichoderma harzianum RIFAI

Luisa Elena Mejia Agiiero, Rafael Alvarado, Amaury Martinez e Blas Dorta

RESUMO

Demonstrou-se que o mecanismo baseado na acgdo dos compostos
voldteis (CVs) gerados por Trichoderma harzianum, resultou vidvel
no controlo do crescimento da biomassa de Aspergillus flavus e na
produgdo de aflatoxina Bl nos grdos de milho armazenados a esca-
la de laboratorio. Os grdos de milho tratados com radiagdo gamma
(3kgrey) e inoculados posteriormente com A. flavus foram expostos
aos CVs produzidos e acumulados por T. harzianum logo apos 15
dias de cultivo nos meios Agar Extracto de Malta (AEM) e Gérmen
Desengordurado de Milho - Casca de Arroz (GDMCA). Observou-se
uma reducdo de 31,7% na biomassa de A. flavus acumulada no mi-

lho, e uma reducdo de 51,78% na produgdo de aflatoxina Bl quan-
do se aplicou ao meio AEM para o cultivo de Trichoderma harzia-
num. Ndo se observou inibi¢do quando se aplicou ao meio GDMCA
a mesma escala de laboratorio. Por outro lado, quando a produgcdo
de CVs a partir do meio GDMCA foi a uma escala de 24x, a proli-
feracdo de A. flavus reduziu-se a 90%. Os resultados obtidos salien-
tam e poem em evidéncia o potencial de T. harzianum como agente
biocontrolador de fungos micotoxigenicos nos graos armazenados, e
as suas possiveis implicagcoes na redugdo de micotoxinas.

2001; Okigbo and Ikediugwu,
2001; Dal Bello et al., 2002;
Humphris ez al., 2002) including
a reduction in micotoxin produc-
tion when the mycopathogen
grows together with Trichoderma
species (Cooney et al., 2001).
Among the control mechanisms
associated with Trichoderma
spp., there is an antagonic ac-
tion with volatile compounds as
shown by the fungistatic effects
on wood-rotting fungi (Bruce et
al., 1996, 2000; Calistru et al.,
1997a; Wheatley et al., 1997,
Humphris ez al., 2002; Wheatley,
2002) and their efficacy in con-
trolling apple ring rot (Kexiang
et al., 2002). However, available
information on the possible ac-
tion of the volatile compounds
of Trichoderma spp. on myco-
toxigenic fungus is scarce and
limited to a few studies (Calistru
et al., 1997a).

Given that large-scale storage
systems for maize operate as
packed bed columns, and can be
force-ventilated, the application
of volatile compounds inhibiting
mycotoxigenic fungi is seen as a
possible control strategy. Thus,
the central objective of this paper
was to determine if the action
of volatile compounds produced
by Trichoderma harzianum is
effective in preventing the pro-
liferation of Aspergillus flavus
and the subsequent production of
aflatoxin Bl in stored maize.

Materials and Methods
Microorganisms
Trichoderma harzianum (LP-

FIBE-5) was originally obtained
from a corn plantation in Por-
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tuguesa State, Venezuela, and
the micotoxigenic Aspergillus
flavus (LPFIBE-20) was isolated
from local maize seeds. Both
fungal isolates were supplied
by the Centro Venezolano de
Colecciones de Microorganismos
(CVCM), Venezuela. Fungi were
maintained in periodical subcul-
tures in slants of Malt Extract
Agar (MEA; Hi Media Labo-
ratories, Mumbai, India) supple-
mented with 2.35g-1" glycerol.

Maize

To reduce the contaminant mi-
crobial load, commercial yellow
corn was placed in covered alu-
minum containers (14.7x9.7x6¢cm)
and irradiated at 3Kgrey in the
Gamma Radiation Sterilization
Plant at the Instituto Venezolano
de Investigaciones Cientificas
(IVIC). Irradiated maize was
kept at 4°C until used.

Inoculum preparation

Inocula of both A. flavus and
T. harzianum were prepared
from sporulated cultures devel-
oped at ambient temperature
during 15 days on MEA slants.
Spores were collected by adding
sterile 0.1% Tween 80 in dis-
tilled water and shaking by hand.
Spore counts were made using a
Neubauer haemocytometer.

Volatile compounds
production by T. harzianum

Volatile compounds (VC) pro-
duction of 7. harzianum was car-
ried out at two different scales,
employing roux bottles (small
scale) and aluminum trays (large

scale), with work surfaces of 216
and 2591cm?, respectively. Roux
bottles were loaded with 330ml
of MEA medium or, alterna-
tively, 154g of a solid medium
formulated with defatted corn
germ - rice husk (DCGRH), a
modification of the BH medium
described by Dorta et. al. (1990).
In the latter medium, the rice
bran was substituted by defatted
corn germ, a byproduct sup-
plied by Promesa, Aragua State,
Venezuela. Both media (MEA
and DCGRH) were sterilized at
120°C during 20min.

In the large scale experi-
ment, DCGRH medium (400g)
was poured uniformly over the
entire surface of the sterilized
aluminum trays. In this case,
the medium was prepared in
Erlenmeyer flasks, sterilized and
inoculated with 7. harzianum
spores before being transferred
to the trays. Each tray was cov-
ered with a polyethylene bag
(previously sterilized by gamma
radiation at 2.5Mrad). The whole
operation was performed in a
laminar flow cabinet.

MEA cultures were started by
adding 10ml of spore suspen-
sion to a concentration of 10°
spores/ml, while DCGRH cul-
tures were inoculated with 10°
spores/g of solids. Incubations
were done at 25+1°C for 15
days in the presence of continu-
ous artificial light.

Antagonism of T. harzianum vs
A. flavus

Roux bottles containing 7.
harzianum grown on MEA and
DCGRH media for two weeks,
and their controls (media with-

out inocula), were connected to
glass columns (2.5cm diameter
and 30cm long) packed with
62g of maize inoculated with
Aspergillus flavus at 10° spores/g.
The roux bottle-column system
remained connected allowing
gaseous exchange during 15 days
(Figure 1a), after which columns
were dismantled to determine the
accumulated fungal biomass and
the aflatoxin Bl levels present.

Aluminum trays containing
15 day developed cultures of 7.
harzianum, and their respec-
tive controls, were connected
through a tubing system to 4l
plastic containers packed with
2kg of maize inoculated with
Aspergillus flavus at the range of
10° spores/g (Figure 1b). Volatile
compounds of 7. harzianum were
transferred to the plastic contain-
ers using aquarium peristaltic
pumps which operated 1min
daily, to guarantee a complete
change of the void volume of the
corn packed beds.

Determination of fungal
biomass content in maize

The total A. flavus biomass
accumulated in each column
was determined indirectly using
measurements of N-acetylglucos-
amine, following the method of
Ride and Drisdale (1972). Col-
umns containing contaminated
and treated maize were sterilized
at 120°C during 20min and oven
dried at 60°C to constant weight.
Immediately afterwards, the total
content of each column was pow-
dered with an intermediate mill
(Thomas Wiley, Swedesboro, NJ,
USA) until a particle size of 60
mesh was obtained, and dried
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Roux botlle

T. harzianum culture
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Packed maize inoculated
with A. flavus.

Filter
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T. harzianum cullure
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Flask

Tube with orifices

Packed maize inoculated with

on previously irra-
diated maize grains.
The corresponding
analysis of variance
revealed significant
differences (p<0.05)
between the values
of A. flavus bio-
mass accumulated
on irradiated maize
and those of non-
exposed samples
(Table I).

A flavus
Filter

© GNOLAWN =

The confirmed
observation that
VCs produced by

T. harzianum were

Figure 1. Schematic drawing of the systems employed to determine the antagonistic effect of capable of consid-
VCs from 7. harzianum against A. flavus. a: Roux bottles (216cm?) - glass columns system. erable inhibition
b: Aluminium trays (2,591cm?) - plastic container system.

again at 60°C to constant weight.
Subsamples of known weights
50-80mg were taken from each
treatment, and processed follow-
ing the protocol described by
Ride and Drisdale (1972).

The expression x= (GP)/G,,
was used to calculate biomass
content, where x: biomass con-
tent expressed in mg/g of maize,
in dry base; G: glucosamine
content in the sample, in mg/g of
maize; G,: glucosamine content
in the mycelium in mg/g; and P
is the sample weight in g.

For the determination of G,,
A. flavus was cultivated in MEA
plates. Mycelia were harvested
by centrifugation, washed twice
in distilled water, and oven dried
at 60°C until constant weight. A
known weight sample was pro-
cessed using the Ride and Dris-
dale (1972) protocol for N-acetyl-
glucosamine determination.

Aflatoxin content
determination in maize

Aflatoxin determination was
performed using Aflatest immu-
noaffinity columns (P=10ng/g;
Vicam, Watertown, MA, USA).
For each treatment 50g samples
were taken and processed ac-
cording to the procedure de-
scribed by the manufacturer.

Statistical analysis

Variance analyses and means
comparison tests were applied
to the results with the statisti-
cal package 2001 Statistica for
Windows (StatSoft, Inc., Tulsa,
AZ, USA).

Results and Discussion

Effect of VCs from
T. harzianum on A. flavus pro-
liferation

The effectiveness of malt ex-
tract as a culture medium for
some species of Trichoderma,
in antagonic processes medi-
ated by volatile compounds, has
been established in earlier stud-
ies (Wheatley et al., 1997). Al-
though in those studies reference
is made to volatile compound
action on a specific group of
wood-rotting fungi (Neolenti-
nus lepideus, Postia placenta,
Gloeophyllum trabeum and Co-
riolus versicolor, among others),
such action could be extended
to other fungi of phytosanitary
importance, such as A. flavus.
In this study, the effect of VCs
produced by T. harzianum in
MEA was tested on the prolif-
eration of A. flavus inoculated

(31.7%) of A. flavus
proliferation is note-
worthy, since this may be pos-
sible to implement in large-scale
control processes. Malt Extract
Agar would not, however, be ec-
onomically feasible as a culture
medium, due to its high produc-
tion cost. The DCGRH medium,
formulated with low-cost agroin-
dustrial byproducts, was tested
as an alternative. When MEA
was substituted by DCGRH as
the culture medium for the pro-
duction of VCs by T. harzianum,
the total biomass of A. flavus
was not statistically different
(p>0.05) between grains exposed
to VCs and the control, at the
same scale (Table I). This may
have occurred due to changes
in type or concentration of VCs
because of media substitution, an
effect reported for some species
of Trichoderma (Bruce et al.,
1996; Wheatley et al., 1997).
Also, direct observation of
maize packed in columns ex-
posed to VCs from T. harzianum
cultured in DCGRH, suggests a

TABLE I

differential effect associated with
their concentration. An axial
gradient in the proliferation of A.
Sflavus was observed, being lower
in the immediate surroundings of
the point of entry of the volatiles
and higher at the distal end.

An experimental system for
increasing the VC concentration
using connected trays in parallel
was designed on the basis of the
area scale destined for 7. harzia-
num culture (Figure 1b).

With this system, the cul-
tured surface of 7. harzianum
increased 24x and the weight
of treated maize increased 60x.
The VCs produced by T. harzia-
num were transferred to the corn
by pumping fermentation gases
in sufficient quantities to produce
a complete daily turnover of the
void volume of the packed corn
bed. Under these conditions, A.
Sflavus proliferation was reduced
by 90% after 15 days (Table I).
Clearly, the antagonic activity of
the VCs reduces A. flavus prolif-
eration in stored maize, and the
production of VCs may also be
scaled up for implementation at
greater volumes. However, direct
application of fermentation gases
of T. harzianum to stored maize
causes an increase in the mois-
ture content, characteristic of
solid-state fermentation systems.
Thus, their use must be accom-
panied by the use of dehydration
devices to ensure the low-hu-
midity conditions necessary for
maize storage systems.

Effect of VCs of T. harzianum
on aflatoxin Bl levels

VCs produced by T. harzia-
num cultured 15 days in MEA
significantly reduced (p<0.05)

BIOMASS OF A. flavus AND AFLATOXIN PRODUCTION IN STORED MAIZE WITH
VOLATILE COMPOUNDS FROM T. harzianum GROWN ON MALT EXTRACT
AGAR (MEA) AND DEFATTED CORN GERM RICE HUSK (DCGRH)

A. flavus biomass
(mg/g of maize)

Specific aflatoxin
(ng aflatoxin/mg of
A. flavus biomass)

Assay condition A B C
MEA without 7. harzianum (control) 29.00 + 8.82 b — 2433 +4.46 a
MEA with T. harzianum 19.80 + 7.15 a — 12.62 +341 b
DCGRH without T. harzianum (control) 23.50 +£10.12 ab 25.50 £0.54 a —
DCGRH with T. harzianum 1822 + 425 a 2.68 +1.72 b —

A, C: Roux bottles - glass columns (small scale). B: Aluminum trays - plastic container (large scale).
Values represent the mean from two independent assays +£SD. Values in the same column followed by different letters

are significantly different (p<0.05).
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levels of specific aflatoxin (ng
aflatoxin/mg of A. flavus bio-
mass) in inoculated maize (103
spores/ml) as compared to non-
exposed maize (Table I).

Although the inhibition of
aflatoxin Bl production by
volatiles generated from cotton
leaves has been reported (Zeri-
ngue and McCormick, 1990;
Zeringue et al., 1996; Greene et
al., 1999), this study represents
the first report of the inhibiting
effect produced by the VCs of
T. harzianum on A. flavus pro-
liferation in stored maize.

Trichoderma spp. volatiles
identified as inhibitors of wood
rotting fungi (Bruce et al., 1996;
Wheatley et al., 1997) and those
identified in cotton leaves (Zeri-
ngue et al., 1990; Zeringue et
al., 1996) have shown similari-
ties with hexanal, octanal and
1-heptanal compounds. These
findings suggest that volatile
aldehydes produced by Tricho-
derma spp. should be respon-
sible for the inhibiting effect
on the micotoxigenic fungus A.
flavus.

Further work is required to
characterize the chemical nature
of the volatile compounds re-
ported in this study. It will help
establish relationships with vola-
tile agents previously identified
by other authors, and raise the
possibility for synthesizing such
compounds and investigating its
use as control agents on A. fla-
vus growing in stored grains.
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