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ABSTRACT

Two different beneficial microorganisms
namely Trichoderma harzianum and Bacillus sub-
litis were used under laboratory conditions {o
evaluate their antagonistic effects against Aspergil-
lus flavus. T. harzianum and B. subltilis were formu-
lated as powder each 1 gm contains 30x10° c.f.u,
then used as pod dressing treatment to study their
effect on inhibiting toxins produced by Aspergillus
flavus during storage under room condition. Pow-
der formula of both organisms was applied at three
different rates and in tiree different numbers of
application. These treatments were done with arti-
ficially infested peanut pods stored under room
conditions for three months. Obtained data
showed that both bioagents inhibit iinear growth of
A. flavus. T. harzianum gave better antagonistic
effect and gave 77.7 % reduction in linear growth
whereas B. sublilis gave only 86.66%. All treat-
ments reduced the different four types of Aflatox-
ins, produced by A. flavus in peanut pods. T. har-
zianum gave the best result in reducing the
amount of toxins and 87.8% reduction in toxins
production was observed whereas B. subtilis gave
only 76:18% reduclion compare with the control
treatment. Positive correlation between storage
periods of peanut pods and reduction of toxin was
observed in case of treatment of peanut pods with
both antagonistic agents. Regarding number of
applications, treated peanut pods with 7. har-
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Zianum once gave best result when compared with
application for two or three times. On the contrary
applying B. subfilis for two or three times showed
more efficacy in reducing amount of toxins pro-
duced by A, flavus. Data ailso showed that dose of
(20gm) T. harzianum or B. subtilis formula/1 kg of
pods was the most effective dose in reducing the
amount of toxins, Positive correlation between in-
creasing period of storage up to three months and
percentage of reduction in toxin producing by A
flavus was also noticed.

INTRODUCTION

Most isolates of Aspergilius flavus produce
polypeptide-derived secondary metabolites called
aflatoxins (AFs), these toxins contaminate seeds
and plant debris of many crops in the field during
harvesting, storage and processing. {Dvorockova
1990, Cvetnic and Pepeljnjak 2007}, which are
highly toxic, mutagenic, teratogenic, immunosup-
pressive and carcinogenic to animals. (Hesseltine
1965, and Ainsworth and Austwick 1973).

Aflatoxins B1, B2, G1 and G2 are classified as
group1 human carcinogens (Eaton and Gallagher
1994).

As a result for increasing concern about human
and animal health bundles of regulations were is-
sued to limit presence of permitled aflatoxins in
food or feeds throughout most of the world coun-
tries. The carcinogen aflatoxin 81 (AFB1) pro-
duced by A. flavus is a major food safety concern
in crops. {Cesara Accinelll et al 2008). American
food and pharmacology Administration stipulated
the content of (AFB1) should not exceed 20 pg / ka
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in edible food and 30 pg / kg in animal feed. The
permissible conlent of {AFB1) is also regulated in
China: 20 ug / kg for corn, peanut core, and peanut
oil, 10 pg/kg for rice, oil and for other food 5ug / kg.
Aflatoxins are potent hepatotoxic and carcinegenic
metabolites, and their presence in peanuts is heav-
ily monitored and regulated to ensure a safe food
supply (Van Egmond, 1995; Wood and
Trucksess, 1998).

Contaminated lots of peanuts cannot be used
for human consumption and therefore represent
great economic losses for the peanut industry
(Lamb and Sternitzke, 2001). Peanut contamina-
tion with aftatoxin can occur in the field (prehar-
vest) when severe lale-season drought stress oc-
curs or during storage (postharvest) when im-
proper condilions of moisture and temperature
exist (Cole et al 1995).

Biological control is a promising approach for
reducing both preharvest and postharvest aflatoxin
contamination in peanuts (Dorner et al 1992 and
1948).

Bagillus subltilis inhibit the growth and aflatoxin
produced by Aspergillus flavus isolate (NRR
13357) in peanut or corn. (Noric and Susumu
1988)., Therefore it was used as an effective bio-
logical agent to control post harvest disease
caused by A. flavus in stored lemon fruits (Kotan
et al 2009). B. subtilis was able to inhibit both As-
pergillus growth and detoxifying 85% of AFB1
{Petchkongkaew et af 2008).

Trichoderma harzianum treatment was signifi-
cantly effective in inhibiting affatoxin B1 production
on soybean seeds by A, flavus. {Krishnamurthy
and Shashikala 2006).

Trichoderma virens and B. subtilis were used to
control A. flavus attacks rice grains and inhibit afla-
toxin production, They showed 80% and 68% re-
duction in A. fflavus growth and 72% and 58% re-
duction in aflatoxin {AFB1) when antagonists were
used at the rate of 200 mi/kg rice grain respectively
{Reddy et af 2009). The present work was carried
out to study the role of Trichoderma harzianum
and Bacillus subtifis in inhibiting either growth of A.
flavus or synthesis of aflatoxin by this pathogen on
peanut pods under normal sterage conditions for

three months.
MATERIALS AND METHODS
Different micro organism preparations

Two bio-control agents i.e. Trchoderma har-
zianum, Bacillus subtilis and pathogenic fungus
Aspergilius flavus isolate P2 were obtained kindly

from ceniral fab of organic agriculture ARC. Giza,
Egypt.

Trichoderma harzianum was grown in liduid
gliotoxin fermentation medium (G.F.M) under com-
plete darkness {Abd-El-moity and Shatfa 1981),
for nine days at 28°C. B. subfilis was grown on
nutrient glucose broth (Dowson, 1957) for 2 days
at 28°C. Bioagents were formulated as powder
using method developed by (Abd-El-moity, 1985}.
Prepared powder was adjusted to contain 30 x 10°
cfu /1gm. :

Aspergilius flavus, a Pathogenic isolate P2 for
peanut pod was grown on modified czapek's me-
dium (Hara et al 1974) for 7days at 28°C.

The suspension of A. flavus was prepared by
adjusting number of Aspergillus propagules in the
suspension to be 4X10° cfu /ml (Mahmoud 2004).

1- Antagonistic effect between bic-agents and
pathogenic fungus (Aspergillus flavus)

Under laboratory conditions, Trichoderma har-
zianum and Bacillus subtilis were used to evaluate
their antagonistic effect against pathogenic fungus
(Aspergiflus flavus). Petri dishes 8.0 cm in diame-
ter each contains 15 ml of G.IF.M were used to
determine the antagonistic effect between T. har-
zianum and pathogenic fungus. On the other hand,
plates contained N.G.A medium were used to de-
termine the effect of B. subtifis on A. flavus radial
growth. Plates were inoculated with discs (5mm in
diameter) of A, flavus obtained from the periphery
of 4 days old colony, The pathogenic fungus was
inoculated at one side whereas the opposite side
was inculcated with either disc of T. harzianum
(5mm in diameter), obtained from 3 days old col-
ony or with loop full of antagonistic bacteria B. sub-
tilis grown on tiquid NG medium for 48 hours. Five
plates were used for each treatment. Plates only
inoculated with Pathogenic fungus (A flavus)
served as a control freatment. Inoculated plates
were then incubated at 28°C When mycelial growth
covers all medium surface in control treatment, all
plates were examined and percentage of reduction
in mycelial growth of pathogenic fungus was caicu-
lated using the next formula according to (Abd-E!
Moneim Maisa, 2005).

X =100- [(G2/G1) X 100]
Where X: % of reduction

G1: growth of pathogenic fungus in control

plates,
Gz: growth of pathogenic fungus in treated

plates.
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2- Determination the type and quantity of Afla-
toxin in infested and free peanut pod sam-

ples

The aim of this experiment is o be sure that the
used Aspergillus flavus isolate P2 is active pro-
ducer of Aflatoxin and also to identify toxin types.
Apparent healthy peanut pods variety Gregory was
used. Ten paper bags (38.5 cm high x 27.5 cm
diameter) each contained 1 kg of peanuts were
used for each treatment. Bags contained peanut
pods were divided to two groups. The first groups
(10 bags) were sprayed using suspension of A
flavus 4x10% cfu/ mi. at the rate of 10mi/ kg peanut
pods, while the second group (10 bags) were
sprayed only with (10ml water/kg of peanut) served
as control. All bags were incubated at room tem-
perature (28-30°C and 70-75 RH). After one
month, random samples of each treatment were
collected and send te [Central Laboratory of
Residue Analysis of Pesticides and Heavy Met-
als in Food, Dokky, Cairo] to determine the
amount and type of toxin in contaminated peanut
pods by High Performance Liquid Chromatograph
(HPLC) method.

The extraction of peanut pods and determina-
tion of aflatoxins were carried out according to
AQAC {(2000). '

Extraction Procedure: Fifty grams of homoge-
nized sample were weighted into blender jar. 200
ml of Methanol/water (80/20) {v/v) solution were
added then blended for 2 min to extract the Afla-
toxins from solid matrix. Medium fast filter paper
was used for filtration.

Partitioning Procedure: 40 mi of filtrale were
transferred into 500 mi separatory funnel. 40 ml of
(10%) sodium chloride solution and 50 ml n-
hexane were added to remove soluble fat from
solution, Shake gently for 1 min and let phases to
separate. The lower aqueous layer which contains
Aflatoxins was drain into another 500 m! separa-
tory funnel. 50 mi chloroform was added and the
solution was shaked gently for 1Tmin, Aflatoxins will
emigrate from aqueous layer to organic layer. After
the two phases separate the lower layer was then
drained through anhydrous sodium sulphate (15 g)
into 250m| flask. The aqueous layer is washed with
two portions of 25 ml chloroform and shaked gently
for one min. each time. The received chloroform is
evaporated by using rotary evaporator till dryness.
The sample residue was dissolve in 2 ml dichloro-
methane,

Column clean-up: Small ball of glass wool loosely
placed in bottom of chromatographic column; 0.5 g
of anhydrous sodium sulphate was added; 3 ml of
dichloromethane was added to the column. 0.5 g
of deactivated silica gel was added. After Drain
dichforomethane to the top of silica gel, 0.5 g of
sodium sulphate was added. The residue was
transferred {o silica gel column with medium flow
rate, Aflatoxins will linked with silica gel. The flask
rinsed with two m! dichloromethane to transfer all
Aflatoxins from the flask. The column washed with
two portions of 5 ml dichloromethane with maxi-
mum flow rate to remove interfering matrices, and
the washing solvent was discarded.

Aflatoxins were eluted with medium flow rate

with 5 ml methanol/chloroform (3/97) (v/v) and re-

ceived in 10 ml tube. The eluted solvent was
evaporated till dryness in water bath adjusted at
about (60°C) under air flow. '

Derivatization: Aflatoxins were derivatized by add-
ing 50 y! of Tri- Floro Acetic acid TFA and 200 pl
hexane to the residue and vortex-mix vigorously
for 30 sec. After 5 min, 1.950 ml of acetonitrile -
water (1-9) was added and vortex-mix for 30 sec.
The sample centrifuged for 3 min at 4000 rpm.The
lower aqueous layer used for HPLC determination.

HPLC analysis

Aflatoxins were separated and quantified by re-
versed phase-HPLC using C18 apalytical column.
The mobile phase was water-methanol-acetonitrile-
(65+22+13), at a flow rate of 1 ml/min. Aflatoxins
were detected by fluorescence detector at the exci-
tation and emission wavelengths of 360 nm and
440 nm respectively. The injection volume was 25
ul.

The concentration of aflatoxin was calculated
using the formula:

Hg /Kg = (S.Y.V.)/ (X.W)
Where

S= volume of aflatoxin standard, in pL of equiva-
lent sample  intensity

Y= concentration of aflatoxin standard in pg/mil.

V= volume of solvent required to dilute final extract
in pL.

X= volume of sample extract in yl. required to give
fluorescence inlensity comparabie to that of S
HL of standard.

W= weight of original sample in gram contained in
the final extract.

Annals Agric. Sci., 55(1), 2010



112 Maisa Abd El-Moneim: Tolba and Gomaa

In all follow experiments unless other wise indi-
cated. Trichoderma harzianum or Baciflus subltilis
were used in powder form. All experiments were
carried out in the same time under room condi-
tions. Ten replicates were used for each treatment
and each replicate contained 1 kg of ‘peanut pod.
Control treatment was used for all experiments

3- Effect of bioagents on inhibiting toxin pro-
duced by Aspergilfus flavus in peanut pods

Both antagonistic microorganisms and the
method of application were carried out as per-
versely mentioned [Trichoderma harzianum was
grown on G.F.M. for 9 days while Bacillus subtilis
were grown on N.G. broth for 48 hours. T. har-
zianum or B. sublilis were formulated in powder
form and adjusted to contain 30x10° cfu/ g]. Pre-
pared powder were mixed separately with peanut
pods at the rate of 10g of powder/ kg of peanut
pods. Thirty paper bags contained peanut pods
were used for each treatment, every one contained
one kg of peanut pods. Ali treatments received 10
mi of A. flavus suspension 4x10° cfu/ ml. Bags
contain peanut pods received only suspension of
"~ A. flavus acled as control. All bags were incubated
at room temperature (28-30°C and 70-75 RH).
Every month, different parameters including total
amount of toxin, different types of Aflatoxin (B1,
B2, G1 and G2) and percentage of reduction in the
amount of toxin at the end experimental storage
period (after three months from treatment) were
measured {o evaluate the effect of different bio-
logical preparation on inhibition of aflatoxin pro-
duced by A. flavus.

4- Effect of the number of Applications of bio-
logical preparations on inhibiting toxins pro-
duction by A. flavus in peanut pods

To compare between effect of applying differ-
ent bioagents twice or for three times, 150 paper
bags each contains 1kg of peanut pods infested
with A. flavus suspension were divided to equal 5
batches, each batch contains (30) bags. Each
batch received different treatment as follow -

Treatment 1: bags (30) received 10 gm of T.
harzianum powder at beginning of storage period
and after one month the same bags received the
second dose of T. harzianum as powder (10)
gm/bag.

Treatment 2: bags (30) received one dose of T,
harzianum at begging storage period (10) gm/1kg
of peanut pods, the second dose after one month

as powder at the rate of (10) gm while the third
dose was appiied after two months.

Treatment 3 and 4: The same treatment wére
repeated by using B. subtills instead of T. har
zianum

Treatment 5: bags (30) received only suspen-
sion of A. flavus at the early begging of storage
were used as control treatment. Samples from
each treatment were taken every month to monitor-
ing toxin and evaluate effect of each treatment on
inhibiting toxin production.

5. Effect of bioagents at different doses on in-
hibition of aflatoxin produced by A. flavus in
peanut pods

Different bioagent (7. harzianum or B. subtilis)
preparations were used as powder at the rate of 20
or 30gm/1kg of peanut pods. Peanut pods were
sprayed by suspension of A, flavus contained
4x10° cfu/ ml. Infested pods were divided to 5
batches each batch contain 30kg of infested pea-
nut pods each batches received certain dose (20
or 30gm) T. harzianum or B. subtilis preparation
per each 1kg of infested pods. Each balches was
placed in 30 paper bags (replicates)

Bags contain infested peanut pod without an-
tagonist were act as control. All bags were stored
at room temperature (28-30 C° and 70-75 RH)

Different treatments were examined periodically
every moanth for three months. Different parame-
ters were measured, amount and type of toxin and
% of reduction of toxin} to find out the most effec-
tive dose in inhibiting Alfatoxin production,

RESULTS AND DISCUSSION

This work was designed in order to find out a
safe method to inhibit toxin production by Aspergil-
fus flavus, in peanut pods and to protect human
health from harmful effects of Aflatoxin.

Effect of bioagents on liner growth of A. flavus

Data in Table (1)} show effect of the two an-
tagonistic micro-organisms  Trichoderma  har-
zianum or Bacillus subtilis on the liner growth of
Aspergifius flavus under lab. conditions. T. har-
zianum gave 77.7% reduction where as B. subtilis
gave 66.6% reduction in mycelial growth of A. fla-
vus compared with control treatment. This antago-
nistic effect may be due to the ability of T. har-
zianum to act through different mechanisms includ-
ing mycoparasitism (Abd El Moity and Shatla
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1981), production of antifungal substances {Sanz
et af 2002) and destruction effect by enzymes i.e
chitinase (Padares ef al 1992 and Bolar et af
2000). B. subtilis followed T. harzianum regarding
antagonistic activity. This may be due to that B.
sublilis, acts only through the production of number
of antibiotics {subtilicin, bacteriocin) (Ferreira et al
1991 and Asaka and Shoda 1996).

Table 1. Antagonistic effect between different
bicagents and pathogenic fungus
{Aspergillus flavus) under Lab. condi-

tion
Length of linear | % of reduction in
Bioagent growth of A. linear growth of
fiavus in cm. A flavus
Trichod
ficnoderma 20 77.77
harzianum
Bacillus subtilis - 3.0 66.66
Control 9.0 0.00
L.S.Dat5% 0.16 1.63

Activity of A. flavus on Aflatoxin types produc-
tion

Data in Table (2) and (Figs. 1 & 2) illustrate
the amount of total and type of toxin in peanut
pods (infested with A. flavus) compared with non
infested pods. Present data show that used A. fla-
vus isolate P2 was able to produce 4 types of Afla-
toxin (B1 B2, G1 and G2). Regarding amount of
different toxin types it ranged from 0.20-7.00 Ppb
when peanut was stored under room conditions for
one month. The tota! detected toxin was 9.65 Ppb
compare with non detected amount in confrol
treatment (non infested peanut pods).

Table 2. Amount and types of Aflatoxin in in-
fested and non infested peanut pod

samples
Sample of Amount Type of toxins {ppb)
peanut of toxin
pods B1 B2 G1 G2
Control ND ND ND ND ND
|
nfested | g | 222 | 02 | 700 023
sample

Ppb: part per billion ND: Not detect

Efficacy of different used antagonist in inhibit-
ing Aflatoxin production

Data in Table (3) show that Trnichoderma har-
zianum and Bacillus subtilis as bioagents can in-
hibit toxins produced by Aspergiflus flavus in pea-
nut pods. Both antagonistic microorganisms
Trichoderma harzianum and Bacillus subiilis gave
gocd reduction in Aflatoxin production compare
with control treatment. 7. harzianum was better
than B. subtilis in inhibiting Aflatoxin production, it
gave 87.8% reduction in total amount of toxin afier
storage period of three months whereas B. subtilis
gave 76.18% reduction in toxin production com-
pare with control treatment.

These result can be explain in the light of fact
that Trichoderrna harzianum can spread very
quickly and occupy the court of infection prevent-
ing most spores of A. flavus from germination and
producing aflatoxin as secondary metaboliles
(Abd El-Moity et al 2003). Data also can be ex-
plained in the light of fact that a T. harzianum acts
through different mode of actions where as B. sub-
tilis acts only through antibiotic products.

Activity of different bicagent on inhibition of
different types of Afiatoxin production

Data in Table (4) show that production of dif-
ferent toxin types by A. flavus varied in their quan-
tities from one type to ancther. Aflatoxin type (G1)
was the most dominate toxin and 15.3 Ppb was
detected in treated peanut pods after 3 months
storage (control treatment) where as B2 type was
the least one and the amount produced of toxin in
three months was out of limit of detection (less
than 0.20 Ppb). The other two types (B1&G2) fill in
between and give 3.9 and 0.9 Ppb respectively.
Positive correlation can also notice between
amount of produced toxin (in control treatment)
and length of storage period. Using T. harzianum
or B. subtilis as powder formula at rate of 10
gm/1kg of pods led to clear reduction in amounts
of all produced toxins. 7. harzianum was more
effective and percentage of reduction through out
storage period (3 months) ranged from 100 fo
64.3%, at the same time B. subtilis only give 100 to
44.3% reduction compare with control treatment.
Effect of T, harzianum or B. subtilis was more clear
by increasing storage period. This can be explain
in light of work of (Furner 1971) who mention that
toxins can be consumed by other microorganisms
as food stuff.

Annals Agric. Sci., 55(1), 2010
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Fig. 2. Types of Aflatoxin in infested peanut pod sample
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Table 3. Effect of some bioagents on inhibiting toxins produced in peanut pods

115

{ Period in months %of reduction in
1 2 3 toxin amount after
3 mounts
Treatments
Trichoderma harzianum 35 2.6* 2.43 87.8
Bacillus subtilis 5.1 773 477 76.18
L Control 9.65 17.21 20.03 0.00

*Amount of toxin in Ppb

Table 4. Effect of some bioagents on inhibiting different types of toxin produced by A. flavus in

peanut pods

Type of toxins produced during different periods

Per.* B1 B2 G1 G2
1 2 3 1 2 3 1 2 3 1 2 3
Treatments
. Al 06 | 056 | ND|ND [ ND | ND | 25 2.1 2 | ND{ ND | ND
Trichoderma
harzianum Pl 720|871 (100 - | -~ | — | 643 | 825 |88 ] ~ | 100 | 100
. Al 12 | 13 {ND|[ND | ND | NDJ 39 } 62 [ 45 [ND{ ND | ND
Bacillus
subtilis
Pl asg | e66 {100 ] —- | — | — | 443 | 483 {7061 - | 100 | 100
Al222| 39 |36 | NDJND|NDI{ 70 { 426 {153 | ND | 055 | 09
Control
Pl oo {00 loo] ~ | - | - 0.0 00 | 00 | - 0.0 | 00

A: Amount of toxin in Ppb P: % of reduction

Relation between number of applications and
toxin production

Daia in Table {5) show the effect of applying
antagonist for twe or three times on inhibiting toxin
produced by A. flavus in stored peanut pods during
storage under room condition (28-30 °C) for three
months. Present data indicate that negative corre-
lation between numbers of application by 7. har-
zianum and its inhibitory effect. Applying 7. har-
Zianum twice was more effective when compare
wilh three times. On the conlrary applying B. sub-
tilis two times or three times gave more inhibition
effect for toxin production.

ND: Not detected

* Period in months

These results can be explain in the light of work
of {Turner, 1971) who stated that toxin production
increase under shortage of nitrogen or phosphorus
in the medium. Spraying 7. harzianum for more
than one time led to increase nitrogen and phos-
phorus in the court of infection due to presence of
these elements in the formula of T. harzianum. As
a result of repeating applying T. harzianum for-
mula, Nitrogen and Phosphorus were increased in
the medium consequently T. harzianum stop di-
gesting and consume aflatoxin as food stuff, even-
tually toxins of A. flavus are accumulate in stored
peanut pods.

Annals Agric. Sci., 55(1), 2010



116 Maisa Abd El-Moneim; Tolba and Gomaa

Table 5. Effect of number of Application of different biclogical preparation on inhibiting toxins
produced by A. flavus in peanut pods

Number Toxin B1 B2 W G1 G2
bifferent of T T
treatments Appllca- 1 2 3 1 2 3 4 2 3 1 2 3
tion Perlod*
. A 06 a8 08 ND ND ND 25 3.7 36 ND ND ND
Tricho- | %O fime
P 72.9 79.5 777 - - - 64.3 69.2 76.5 - 100 100
derma
) Three A 0.6 08 2.8 ND ND ND 25 37 .31 ND ND ND
harzianum
time P 729 | 795 22.2 - - - 64.3 §9.2 97.9 -~ 100 100
Two time A 1.2 1.0 0.67 ND ND ND 3.9 4.5 iz ND ND ND
Bacillus P 459 | 74.4 83.0 - - -~ 443 62.5 79.1 - 100 160
sublilis Three A 1.2 | 10 3.2 ND [ ND [ MDD L o30 | a5 ND { ND | ND | ND
time P 459 | 744 | 1111 - - | - | 443 | 625 | 100 - 100 | 100
A 222 3.9 3.6 ND ND ND 7.0 12.0 15.3 ND 0.55 0.9
Control
P 0.00 | .00 0.00 -- - - -~ - - - 0.0 0.0
A: Amount of toxin P: % of reduction ND: Not detected *petiod in months

Table 6. Effect of different doses of different bioagents in inhibited toxins produced by A. ffavus in
peanut pods

Different EJfrferent N Type 81 B2 G1 G2
treatments doses
Pet™ 1 2 3 1 2 3 1 2 3 1 2 3
A 0.72 ND ND ND ND ND 1.9 1.8 1.3 ND ND ND
20g/kg
. P 67.5 100 oo - - - 72.9 85.7 91.5 - 100 100
Trichoderma
harzianum ' A |os| 18 (21| no {no | N | 23 {60} 61 | No | ND| ND
30g/kg
P 729 53.8 41.6 - - - 67.1 52.4 50.1 - 100 100
A 1.2 1.3 0.73 ND ND ND 38 5.0 34 ND ND ND
i 20a/k
Bacithus g P 459 e66 | 797 | - w | - lassleoa| 7| - | 100 | 100
subtilis
A 1.2 2.2 1.8 ND ND ND 3.8 10.4 10.6 ND ND 0.5
30g/kg
P 455 | 43.58 50 - - - 457 17.5 30.7 - 100 | 444
A 222 3.9 36 ND ND ND 7.00 12.6 15.3 ND 0.55 09
Conlrol
P 0.00 0.00 0.00 -- - - J_ 0.00 i 0.00 _[ 0.0C - 0.00 { 0.00
Az Amount of toxin P: % of reduction ND: Not detected * Type of different aflatoxin ** Pericd in months
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Regarding B. subtilis treatment, different types
of aflatoxin varied in their reaction against B. sub-
tilis whereas the most effective number of applica-
tion to inhibit 81 was two time, all the other toxin
(B2, G1 and G2) show that increasing number of
application led to increase reduction. This can be
explain relaying on fact that B. subtilis works,
through antifungal substance products (Ryder et
al 1999}, Increasing number of application led to
increase antifungal substance consequently in-
crease inhibition of toxin production. B1 produced
by A. flavus was deviated and increasing number
of application led to increase toxin this may be due
to that this type of toxin is produced by the fungus
(A. flavus) as secondary metaboliles under unsuit-
able growth condition such as increases B. subtilis
exudates in medium (Turner, 1971).

Comparison between using different doses of
antagonist on aflatoxin production

Data in Table (6) show that different doses (20
or 30gm/kg) of different bioagent per each kg of
peanut pods led to different degrees of reduction in
aflatoxin produced by A. flavus during storage.

Dose of (20gm bioagent /kg of peanut pods)
gave the best result and reduction of toxins were

detected either in T. harzianum or B. subtilis, treat- .

ment.

This might be due to that treatment with bio
preparation at 20gm/kg of peanut pods increase
secondary metabolites, enzymes and antifungal
substances (Hayes 1992, Rodriguez and Cotes
1998). Regarding B. subtilis, it produces some
antibiotics as Ilturine and Surfactine {Asaka and
Shoda 1996; Hwang et al 1996 and Ryder ef al
1999). These products are responsible for antago-
nistic effect of this bipagent against A. flavus. In-
crease the dose of T. harzianum or B. subltilis to be
30gm led to increase nutrient substance which led
to inhibit toxin digestion and consumption.
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