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ABSTRACT

The effectiveness of neem (Azadiracta indica) oil on
the growth, morphology, sporulation, viability of
spores, aflatoxin B, and B, production by A. flavus on
Yeast Extract-Sucrose medium was determined.
Neem oil inhibited the fungal growth (i.e. mycelia dry
weight, diameter of colony and growth rate) on solid
media at concentrations from 0.5 to 5.0% v/v, al-
though it significantly increased sporulation in the
same conditions. Spores obtained from cultures grown
without neem oil reduced germination when incu-
bated in a neem-oil supplemented medium. Colonies
grown on solid media and in submerged cultures in
the presence of neem oil exhibited morphological al-
terations, including granular cytoplasm, atypical
hyphae branching pattern, abnormal and undifferen-
tiated conidiophores. High Performance Liquid
Chromatography was used to measure aflatoxins. In
submerged cultures, neem oil at concentrations from
0.5 to 4.0% v/v caused approximately 95% inhibition
in Aflatoxin B; and B,. On other hand, these condi-
tions failed to suppress fungal growth. Current re-
search emphasized that neem oil was not fungistatic
or fungicidal, but exhibited anti-aflatoxigenic activ-

ity.
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1. INTRODUCTION

Aflatoxins are polyketide secondary metabolites pro-
duced by toxigenic strains of Aspergillus section Flavi
group: Aspergillus flavus, A. parasiticus, A. nomius, A.
tamarii and A. bombysis. A. flavus is the main source of

aflatoxins, the most important mycotoxins in the world’s
food supplies, due to its mutagenic, carcinogenic and
teratogenic properties. Aflatoxin B, (AFB;) and B,
(AFB;,) are the most important among 18 different types.
World-wide occurrence of Aspergillus flavus and afla-
toxins in a great variety of food crops has triggered
much research with regard to its causes, progress and
prevention [1,2].

There has recently been an extensive search for alter-
natives to fungicides that would provide satisfactory
aflatoxin control with low impact on the environment
and on human health [3]. Previous studies have shown
that biosynthesis of aflatoxins may be inhibited by neem
extracts. Azadirachta indica (Meliaceae), commonly
know as neem, is an evergreen tree, cultivated in arid
regions of Africa and the Asian subcontinent. Every part
of the neem tree has been used in traditional folk medi-
cine in India as a household remedy against various hu-
man ailments and also as a pesticide. Several active sub-
stances from different parts of the tree have an unusual
effectiveness on a wide spectrum of pests, including
fungi. Due to its efficacy, biodegradability and minimum
side effects, azadirachtin, a tetranortriterpenoid obtained
from neem seeds, has emerged as a natural biopesticide
[4,5].

Previous studies have shown that biosynthesis of
aflatoxins may be inhibited by neem extracts. Bhatnagar
and co-workers have demonstrated that blended neem
leaf extracts inhibited aflatoxin production by A. para-
siticus and A. flavus, but they failed to affect fungal
growth [6,7]. Further, neem leaves contain specific vola-
tile compounds with fungicidal properties. This complex
mixture of volatiles affected both fungal growth and
aflatoxin production in A. parasiticus [8]. Other studies
on A. parasiticus have shown that aflatoxin inhibition by
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neem leaf extract is associated with changes in the ac-
tivities of cytosolic enzymes [9] and also with morpho-
logical alterations in the mycelia [10].

Data on fungal growth and mycotoxin production in
the presence of neem extracts, besides those on aflatox-
ins, are scanty, but in vitro studies with neem extracts
showed inhibition of the polyketide mycotoxins, namely,
patulin [11,12], citrinin [13], sterigmatocystin [14], but
no inhibitory effect on penicillic acid [14], fumonisin
[15] and ochratoxin A production [16].

The main chemical fractions of neem oil with anti-
fungal activities are a mixture of triterpenoidal and
tetranortriterpenoid compounds. Azadirachtin, 6-deacetyl-
nimbin, azadiradione, nimbin, salannim and epoxya-
zadiradione were the major compounds obtained from
chemical fractions of neem oil. Although when tested
alone they did not have any appreciable activity, they
showed antifungal activity when mixed and indicated
possible additive/synergistic effects [17].

There is scanty information available in the literature
on the effect of neem oil on growth, sporulation level
and aflatoxins production by A. flavus in submerged
cultures. Thus, current study determines the effective-
ness of neem oil on the growth, morphology, sporulation,
viability of spores and AFB, and AFB, production by A.
flavus on a semi-synthetic medium.

2. MATERIALS AND METHODS
2.1. Microorganism

The aflatoxigenic strain Aspergillus flavus 42 was iso-
lated from peanut seeds and identified by physiological
and morphological tests [1] at the Laboratory of Chem-
istry and Physiology of Microorganisms (Biochemistry
Department, State University of Maringd, Maringd. PR
Brazil). The isolate was stored in silica [18] and cultured
on Potato Dextrose Agar (PDA) for seven days, at 25°C,
in the dark [19], for the production of conidia. The co-
nidia suspension used as inoculum was prepared by
washing the cultures in sterile Tween 80 (0.01%) solu-
tion and placed in a Neubauer chamber for conidia
counting.

2.2. Neem Seed Oil (NO)

Oil from neem seeds (NO) used in organic agriculture
(Bioneem® Co., Brazil) was obtained by cold pressing,
which is the best method to obtain quality neem oil.

2.3. Culture Conditions for Aflatoxin Production
in Submerged Cultures

The semi-synthetic YES (Yeast Extract Sucrose) me-
dium, conventionally employed for testing aflatoxin
production [20], was used as culture medium. Flasks
containing 50 mL of autoclaved YES liquid medium, in
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the absence (control) and presence of NO (treatments)
were inoculated with 1.0 mL of conidia suspension (10°
conidia mL™) and incubated in a static condition for 7
days, in the dark, at 25°C. Emulsified NO was evaluated
at 0.25, 0.5, 1.0 and 4.0% (v/v). Neem oil is frequently
used at 0.5% in aqueous solutions to control pests on
crops. Flasks in each treatment were prepared in five
replicates. Two replicates were used in the analysis of
aflatoxins and the remaining three processed for mor-
phological studies, as described in the “Morphological
studies” section.

2.4. Extraction and Quantification of Aflatoxins

After cultures have been filtered at the end of the growth
period, an aliquot from the culture (20 mL) was ex-
tracted twice, with chloroform (30 mL), at each period.
The combined chloroform extract was filtered by anhy-
drous sodium sulfate to remove residual water, evapo-
rated till dryness and then re-suspended in 1 mL chloro-
form [21]. Fresh mycelia obtained from each flask were
washed in water, dried at 85°C for 24 hrs and weighed.
Dry weight of the fungus was determined as an index of
fungal growth [6]. Aflatoxins were quantitatively deter-
mined by HPLC, following the methodology proposed
by Passone et al. [22]. The limit of detection of the ana-
lytical method was Ing/g. and the recovery coefficient
was 85.5%. Aflatoxins are expressed in terms of ppm
(ng aflatoxin/g mycelial growth weight). Analyses were
performed by LAMIC (Laboratéorio de Analises Mi-
cotoxicologicas, Santa Maria, RS Brazil) and results
extracted from the 01/2008 analysis.

2.5. Mycelial Growth and Sporulation
Measurement

The effect of NO on the growth and sporulation of A.
flavus in solid media was determined by growing the
fungus on a YES agar in the absence (control) and pres-
ence (treatments) of different concentrations of NO: 0.25,
0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 % (v/v). The solid media
were prepared by adding 2% of agar in liquid media,
autoclaved, transferred to 95mm-Petri dishes, solidified
and inoculated with a single culture at the center of the
plate. To this purpose, fungi had been previously cul-
tured in PDA in Petri dishes, according to the streaking
technique [1] for producing isolated colonies. A. flavus
was subsequently incubated at 25°C for 7 days, in the
dark. All plates of each treatment were prepared in six
replicates. Whereas three plates were used to determine
the growth, the other plates were used for sporulation
measurement. Growth was recorded in terms of diameter
of colony and dry weight. The advantage of the first
method was that sequential records might be obtained
from each colony, although only lateral but not aerial
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growth was measured [23]. The diameter of fungal colo-
nies was measured daily in two directions at 90° from
each other to obtain the mean diameter for each colony
[24]. Each plate’s diameter increase was plotted as a
function of incubation time whereas radial growth rate
was obtained from the slope by regression of the linear
growth phase [25]. So that the mycelium dry weight
after the growth period could be evaluated, each Petri
plate was placed in a microwave oven during 20s to melt
the medium. The mycelium was then separated from the
medium by filtration and washed in distilled water, at an
approximate temperature of 60°C. This preparation was
placed in an oven at 85°C until weight constant [26].

Procedures for sporulation measurement followed
Gusman-de-Pefia and Ruiz-Herrera [27] with modifica-
tions. A solid medium has been used in this study since
the fungus sporulation is inconsistent in liquid media
[28]. Three agar discs (8 mm diameter) were aseptically
removed from central, intermediate and peripheral zones
of each replicate plate using a cork borer, transferred to
flasks containing a sterile 0.1% Tween 80 solution (10
mL) and stirred for two minutes with a vortex to release
the spores. After mycelium sedimentation, the super-
natant containing the spores was recovered and esti-
mated by a Neubauer counting chamber. The sporulation
data were recorded in spores/cm’ of colony.

2.6. Germination

Two experiments were performed to evaluate the effects
of NO on viability of spores:

Experiment 1: Viability of spores grown in the pres-
ence NO in a NO-less medium.

Suspensions prepared as in the previous section were
diluted to obtain approximately 600 spores/mL. 1 mL of
each suspension was inoculated on sterile strips of dialy-
sis membrane (1 cm X 1 cm) placed on the surface of
Petri plates containing YES agar without NO and incu-
bated at 25°C for 10 hrs. The membranes were placed on
a slide, stained with lacto-phenol cotton blue and exam-
ined under the microscope. A germinated spore was con-
sidered as such when its germ tube was longer than half
the diameter of the spore. Further, 300 spores were ran-
domly counted on each slide, giving a total of 900 spores
per treatment. Germination was reported as a percentage
of spore population and compared with the correspond-
ing control. Three slides were sampled per treatment.
The analysis of germ-tube morphology in each slide was
performed for observation by biological optic photo-
microscope [29].

Experiment 2: Viability of spores grown in the absence
of NO in a NO-supplemented medium. Spore suspension
obtained from cultures grown on the agar YES without
NO were prepared and inoculated in Petri plates con-
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taining YES agar with different concentrations of NO
(0.25; 0.5; 1.0; 2.0; 3.0; 4.0 and 5.0 v/v), incubated and
analyzed, following the methodology previously de-
scribed.

2.7. Morphological Studies

The same plates used in the sporulation test were
employed in the morphological studies. Samples of
mycelial growth were taken at the central, intermediate,
peripheral zones of the colonies. They were then stained
with lactophenol cotton blue or lactofuchsin, and
examined under the Zeiss Axiophot light microscope.
Slides from germination test were analyzed to evaluate
the polarity of germ tubes, although no quantitative tests
were performed to assess this parameter.

3. RESULTS

3.1. Effect of NO on A. flavus Growth,
Sporulation and Viability of Spores in Solid
Media

Data in Table 1 showed that diameter, dry weight, gro-
wth rate, were suppressed by NO and that this reduction
effect was more efficient in concentrations above 0.5%.
However, it significantly increased the sporulation in the
same concentrations.

Results of experiments to find the effect of NO on vi-
ability of spores showed a 1.0% decrease in the germi-
nation percentage of spores produced by colonies in the
presence of NO. Furthermore, germination was signifi-
cantly reduced when spores from control cultures were
incubated in a NO-supplemented medium at concentra-
tions above 0.5% (Table 1).

3.2. Effect of NO on morphology of A. flavus

Besides inhibited growth, colonies grown on solid media
in the presence of NO at all concentrations exhibited
morphological alterations when compared to control
(Figure 1(a) and 1(c)). Analysis showed that treated
hyphae (Figure 1(b)) present granular cytoplasm con-
taining large number of vesicular structures. This feature
was detected in all segments from the center to the pe-
ripheral zones. Furthermore, the hyphae presented varia-
tion in the typical branching pattern (Figure 1(d)), with
more than two tips per branching point. Hyphae diame-
ter increased too, although specific measures were not
undertaken. Treated hyphae obtained from submerged
cultures also showed granular cytoplasm and the same
branching pattern. Morphological alterations have not
varied in the presence of different concentrations em-
ployed in this study. Although spores normally produced
a single germ-tube (Figure 1(e)), some spores revealed
bipolar germination in NO-supplemented media (Figure
1(f)). In spite of the fact that control hyphae showed typical
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Table 1. Effect of NO on A. flavus growth, sporulation and viability of spores in solid media.
NO Myecelial dry Growth rate Sporulation Germination Germination
(% vIv) weight (g) Diameter (cm) (cm/h) (10° spores/cm?) Expe(r)lment 1 Expe(:'ln]snt 2
(%)* (%)

0 0.44° 7.90° 0.044° 1.41° 95.76 ® 95.76"
(Control) (0.02) (0,1) (3.0 x 10 (0.15) (1.01) (1.01)
0.25 0.32° 7.20° 0.043° 4.24° 98.31° 89.08°
: (0.04) (0,1) (8.6 x 107) (0.26) (1.11) (0.80)
0.5 0.42° 7.93° 0.045* 24.32° 96.25" 85.42°
: (0.02) (0,057) (1.5 % 10 (2.02) (0.52) (3.85)
10 0.17° 3.30° 0.018° 42.46° 91.04° 87.21°
: (0.02) (0,1) (3.4 x 10 (3.98) 2.91) (2.15)
20 0.16° 3.00° 0.017¢ 4157 94.04% 85.55°
: (0.03) 0,1) (5.6 x 10 (4.26) (1.51) (3.37)
3.0 0.14° 2.73¢ 0.016° 49.53° 95.94% 86.49°
: 0.01) (0,05) (2.5 %10 (3.86) (0.78) (2.52)
40 0.14° 2.83% 0.015" 46.44° 95.94% 81.82°
: (0.02) (0,05) (3.2 x 10 3.71) (0.40) (2.99)
50 0.17° 2.80% 0.018° 49.89° 93.52% 84.27°
: 0.01) (0,00) (2.5 %10 (5.36) (1.38) (3.31)

Note. Values (mean from three replicates) in the same column followed by a similar letter are not significantly different, according to Tukey HSD test (p < 0.05).
Values between parentheses are standard deviation of replicates. *Viability of spores grown in the presence of Neem oil in a medium without this compound.
**Viability of spores grown in the absence of Neem oil in a medium supplemented with this compound.

conidiophores (Figure 1(g)), dichotomous branching
and homogenous cytoplasm, vesicles were detected in
the apical regions. The above morphological characteris-
tics were consistent with those described in literature
[1,30]. Abnormal conidiophores were recorded in colo-
nies on solid media in the presence of NO at concentra-
tions above 1.0%. Secondary conidiophores (Figure
1(h)) formed from globose vesicles and undifferentiated
conidiophores were detected (Figure 1(i) and 1(j)).

3.3. Effect of NO on Aflatoxins Production by A.
flavus in Submerged Cultures

As shown in Table 2, the production of AFB; and AFB,
was inhibited by NO, which, at concentrations above
0.5%, caused approximately 95% inhibition in AFB; and
AFB, production. Presence of NO 4.0% in the fungal
growth medium was sufficient to obtain total inhibition
of AFB, production. Results (Table 2) demonstrate that
NO does not depress fungal growth in submerged cul-
ture.

4. DISCUSSION

Several authors have described the inhibitory effect of
neem extracts on aflatoxin production. Bankole [31]
showed that the NO at 1000 ppm was able to block the
AFB, synthesis by Aspergillus flavus inoculated in
maize grain. Similar results were found by Zeringue and
Bhatnagar [7], where the application of aqueous extract
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from neem leaves in cotton balls infected with Aspergil-
lus flavus, was able to inhibit up to 98% the AFB; pro-
duction, without reducing the mycelial growth. The ad-
dition of the aqueous neem leaf extract in submerged
cultures of Aspergillus parasiticus over 5.0% concentra-
tions caused inhibition of over 90% in AFB; production,
but did not affect mycelial growth [6,32]. The above
authors have suggested that the inhibitory components in
these extracts are non-volatile and influence the regula-
tion of secondary metabolic pathway involved in afla-
toxin biosynthesis. The results of present study corrobo-
rates this previous finding, show inhibition of approxi-
mately 95% in the AFB; and AFB, production when 0.5,
1.0 and 4.0% of NO were added in submerged cultures
of Aspergillus flavus. However, there was an increase in
mycelial growth. The difference in the efficacy of
anti-aflatoxigenic activity of neem extracts may be at-
tributed to their composition and to different fungus me-
tabolism. Although different commercial formulations of
NO are available, the recommended aspersion of aque-
ous solution 5.0 % in crops seems to be promising as a
protector during storage [3]. It is not yet known which
substance has anti-aflatoxigenic activity. Azadirachtin, a
tetranortriterpenoid, is the most important active com-
ponent in the neem tree and its highest concentration is
found in seeds. When the neem tree was screened for
antioxidant property, it was found that azadirachtin has a
strong antioxidant activity [33]. A common feature of
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Figure 1. Effects of NO on the morphology of A. flavus in solid media: (a) Control hyphae; (b) and in the presence of 5% NO. Scale

bars represent 10 um. (c¢) Control mycelia, (d) and in the presence of 5% NO. (e) Spore obtained from control culture grown in the
absence of NO, (f) and in the presence of 5% NO after 10 hrs of incubation at 25°C. (g) Control and treated conidiophores (h, i, j)

grown in the presence of 5, 3 and 2% NO, respectively. Scale bars represent 40 pm.
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Table 2. Effects of NO on growth and aflatoxins production by A. flavus in submerged culture.

NO Mycelial dry weight AFB,; o T AFB, o P
(% vIv) (/50 mL) (ng/g dry weight) % of AFB; inhibition (ng/g dry weight) % of AFB; inhibition
0 0.80° 12195.43° 0 891.60° 0
(Control) (0.04) (1299.43) (156.77)
0.83° 4888.13° 104.20°
0.25 (0.02) (527.80) 3992 (29.00) 88.34
0.94° 581.96° 31.50°
0.5 (0.05) (129.84) 9323 (21.30) 9417
0.94° 622.90° 48.90°
1.0 (0.04) (137.69) 94.90 (10.17) 94.96
1.13° 523.36° .
4.0 ©0.14) (35.67) 95.71 ND -

Note. Values (mean from three replicates) in the same column followed by a similar letter are not significantly different, according to Tukey HSD test (p < 0.05).

Values between parentheses are standard deviation of replicates. * Not detected.

many aflatoxin inhibitors is their antioxidant activity [3],
although the modes of action of most inhibitors, includ-
ing neem, are still poorly understood. In spite of the fact
that we have not investigated the complex area on the
mode of neem’s function on the Aspergillus flavus me-
tabolism, earlier reports from our laboratory have dem-
onstrate an inhibitory effect on in vitro polyketide my-
cotoxins production, such as sterigmatocystin (sec-
ond-to-last intermediate item in aflatoxin pathway),
patulin and citrinin by Aspergillus nidulans, Penicillium
expansum and P. citrinum [11-14], respectively. Thus,
neem activity may be extant in the biosynthetic poly-
ketide pathway, including oxidation reactions. In solid
media, NO in concentrations above 0.5% had inhibitory
effect on diameter, dry weight and growth rate, but the
spore count (i.e. sporulation) in all the treated groups
remained high. Gowda and co-workers [34] showed a
similar result when they isolated A. parasiticus in solid
media. The presence of oil in the solid media caused
inhibition in spore germination. Similarly, Suberu [35]
reported inhibition of spore germination in A. flavus by
lichen extracts. On other hand, the viability of spores
obtained from cultures in the presence of NO in a
NO-less medium is not affected (Table 2), except at
concentration 1.0%.

According to Razzaghi-Abyaneh et al. [10], the sup-
pressive effects of neem leaf and seed extract on afla-
toxin biosynthesis are associated with morphological
alterations in the mycelium, such as vacuolation of cyto-
plasm and attenuation of cell wall. This fact suggests
that probably the integrity of the cell barriers, particu-
larly that of the cell wall, is crucial in the regulation of
aflatoxin production and excretion. Our investigations
show that treated hyphae, obtained from solid media and
submerged cultures, present granular cytoplasm with
many vesicular structures and variation in the typical
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branching pattern. The atypical branching pattern and
the spores that showed bipolar germination suggest that
NO probably affected hyphal polarity maintenance (the
continued deposition of wall material at the extending
tip). Abnormal and undifferentiated conidiophores were
recorded in colonies on solid media in the presence of
NO at concentrations above 1.0%. The ketone B-ionone
is an antiaflatoxigenic agent and presented similar ef-
fects on the morphology of the asexual reproductive
structures of A. flavus. Aflatoxin synthesis may be posi-
tively correlated with the asexual reproductive process
[36]. In addition, other authors demonstrated that the
loss of aflatoxigenic capacity in the Aspergillus mutant
form is correlated with the aberrant morphology of co-
nidiophores [37]. The present study emphasized that NO
was not fungistatic or fungicidal, but exhibited
anti-aflatoxigenic activity.

Neem aqueous and oily extracts, in a similar range of
concentrations such as those used in the present study,
showed inhibitory effects when tested against some
polyketide mycotoxins [11-14], albeit ineffective to
penicillic acid [14], and ochratoxin A [16]. Thus, the
above data and those obtained in current research rein-
force the fact that the use of NO could be implemented
as part of a sustainable integrated pest management
strategy for mycotoxin control and plant diseases.
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