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ABSTRACT
Aspergillus flavus causes spoilage in food and food products and produces aflatoxin
B1 (AFB1), a widely known class 1a carcinogen. An experiment was conducted to
assess the in vitro effect of four plant powders (leaves of Cassia alata, Delonix
regia, Annona muricata and Cassia alata seeds) and a fungicide, Itraconazole at
four water activity (aw) levels (0.9, 0.95. 0.98 and 0.995aw) on A. flavus. A 5 x 4
factorial experiment replicated three times where ginger and turmeric-based media
(15 ml/plate) at the different aw levels was inoculated with a 6-day old culture of
A. flavus and treated with 0.25 g of either the plant powders or azole and incubated
at 28o C was carried out. Assessment of fungal growth was done daily for 10 days
and mycelial diameter, growth rate and % inhibition was derived from the data.
Results showed that mycelial diameter and mycelial growth rate reduced as drier
conditions were imposed on the media with 0.90 aw having significantly (P>0.05)
the lowest mycelial growth (5.7 – 22 mm) and growth rate (0.6 – 2.2 mm/day) in
all treatments. Inhibitory effect of the treatments decreased with increasing water
activity in both media. Azole and Cassia alata leaf powder treated plates had the
highest A. flavus inhibition (72 - 74%) which varied significantly (P>0.05) from
the other treatments which had as low as 22%. Generally, only Cassia alata leaf
powder compared favourably with the fungicide. Therefore, the application of
Cassia alata at 0.90 aw could effectively reduce the problems associated with
Aspergillus flavus contaminations in ginger, turmeric and ginger- and turmeric-
based products.
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INTRODUCTION
The presence of Aspergillus flavus has
been reported in a number of food

products such as cereals, legumes, spices
etc and the production of aflatoxin
during maturity and storage of crops has
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been attributed to this green Aspergillus
sp. Several factors have been shown to
affect the growth and reproduction of
this fungal pathogen. The mycelial
growth, reproduction and sporulation is
affected by these important
environmental factors which include;
temperature, water activity, microbial
ecology and post-harvest handling
conditions (Magan et al., 2004; Makun
et al., 2007; Nguyen et al., 2007). High
temperatures and improper drying
occasioned by high rainfall as observed
in most tropical countries pose a major
problem to microbial contamination.
Water activity especially in stored
products influence and determine the
growth and spread of Aspergillus flavus
(Urmila et al., 2017). Effect of water
activity on lag phase and mycelial
growth of Aspergillus flavus isolated
from ginger (Omolola et al., 2018) and
turmeric (Uteile et al., 2018) have been
reported. The authors observed
increased mycelial growth and
decreased lag phase with increasing
water activity in both crops, with
optimum at 0.98 and 0.995 aw.
Moreover, research on the use of plant
materials against fungal infections has
attracted a lot of attention in recent times
with high acceptability level because of
the low residual effect on both human
and livestock when compared with
synthetic pesticides (Hussain et al.,
2014). The use of plant powders is

gaining more acceptances especially
among rural farmers because of easy
application. They were widely used in
ancient times to improve deliciousness
of foods and food products as well as
improving their shelf life. So far
antifungal potentials of plant materials
on toxigenic fungi have been
experimented by several scientists
globally (Awal et al., 2004; Okigbo and
Pandalai, 2005; Idu et al., 2007; Alalor
et al., 2012; Okereke et al., 2017) with
little interest on the efficacy of these
materials at different water activity of
the food products. Nevertheless, it would
be useful to determine the water activity
status of these food products before
application of the plant powders in order
to understand the conditions that will
favour the potency of these plant
materials. This study was therefore
aimed at evaluating the effect of some
plant powders on the mycelial diameter,
mycelial growth rate and inhibition of
Aspergillus flavus at different water
activities (0.90, 0.95, 0.98 and 0.995) in
ginger and turmeric.

MATERIALS AND METHODS
Source of Samples
Turmeric and ginger samples were
obtained from four open markets in Port
Harcourt namely: Fruit Garden (D-
Line), Mile One, Rumuokoro, and Oil
Mill markets, while freshly harvested
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disease free leaves of Cassia alata
(ringworm plant), Delonix regia (flame
of the forest) and Annona muricata
(Sour sop) and Cassia alata seeds were
sourced locally.
These plant materials were authenticated
at the Departments of Crop and Soil
Science and Forestry and Wild Life,
University of Port Harcourt. The
samples were rinsed with sterile water,
sliced into piece with the aid of a
disinfected razor blade and dried on the
laboratory bench for a period of 2 weeks
then ground into powder. The powders
were preserved in a sealed container and
stored at 28o C before use. Itraconazole
(synthetic fungicide) was purchased
from a certified local store.
Isolation of Aspergillus flavus
Malt Extract Agar (MEA) medium
impregnated with 0.16 g of
chloramphenicol and autoclaved at 121º
C for 15 min was used in the isolation
and identification of Aspergillus flavus
from infected ginger or turmeric
rhizomes. The identification of A. flavus
was done microscopically and with
reference to Pitt and Hocking (2009).
Pure cultures of the fungal colony were
maintained and stored in a refrigerator
at 4°C.
Preparation of ginger and turmeric
media and treatment application
A standard media of 2.5 % milled ginger

or turmeric agar media (25 g of either
ginger or turmeric powder, 10 g of
technical agar, 0.16 g of
chloramphenicol in 1000 ml of distilled
H2O) was used in the study. The media
was modified with 506 g, 255.4 g, 9 g
and 27.6 g of glycerol in 1000 ml of
distilled water to obtain 0.90, 0.95, 0.98,
and 0.995 aw, respectively. The various
water activity levels were verified with
aw meter (Aqualab, Decagon devices,
Inc., USA). The preparation of cultures
was done by autoclaving at 121o C for
15 min, shaken vigorously. 0.25 g of
either of the plant powders or fungicide
(Azole) was added to the standard ginger
or turmeric-based medium at the
different water activity levels in the
plates prior to pouring 15 ml into 90 mm
sterile plates and allowed to solidify at
room temperature. Using a 2µl pipette,
inocula of A. flavus previously prepared
from six days old mycelia in 5 ml sterile
water supplemented with 0.05% (w/v)
wetting agent Tween 80 were centrally
inoculated into the 90 mm sterile plates.
Control cultures were also prepared with
similar water activity levels, but without
plant powders or the fungicide.
Incubation was done at 28o C.
Fungal growth assessment and data
analysis
Evaluation of fungal growth (mycelial
diameter) was done daily for 10 days.
Measurement of growth of fungal
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colony was carried out in two directions
(i.e. horizontal and vertical) at right
angles to each other. Data were fixed
using linear model and growth rate was
determined from the slope of the
regression graph. Percentage inhibition
was determined following the formula
of Kumar et al. (2007). Statistical
analysis was done using Genstat 16th

Edition; VSN Industrial Ltd., UK for
normally distributed data. Comparison
between data means was considered at
5% probability level using least
significant difference (LSD).

RESULTS
Effect of plant powders on mycelial
diameter
Mycelial diameter of A. flavus increased
with increasing water activity in all
treated plates (Table 1). A. flavus had the
maximum mycelial diameter at 0.98 and
0.995 aw in both ginger and turmeric.
Azole and C. alata leaf treated plates
had lesser mycelial growth having a
diameter range of 6-33 mm and 11-24
mm in ginger and turmeric respectively.
Control plates maintained the highest
mycelial growth reaching mycelial
diameter of 66 mm and 75 mm at 0.995
aw in ginger and turmeric, respectively.

Effect of plant powders on mycelial
growth rate
Mycelial growth rate of A. flavus varied

with the level of water activity in both
crops. As was observed in the mycelial
diameter, A. flavus growth rate increased
with increasing water activity (Table 2).
Azole had the least growth rate of <1
mm/day at 0.90 aw to a maximum of 2.9
mm/day at 0.995 aw. C. alata leaf powder
competed favourably with Azole with a
growth rate of 1 mm/day and 3 mm/day
at 0.90 and 0.995 aw, respectively.
However, their growth rate was
significantly (P>0.05) different from the
control with a maximum growth rate of
6.8 mm/day and 7.5 mm/day at 0.995 aw
in turmeric and ginger, respectively.
Effect of plant powders on mycelial
inhibition
The efficacy of the plant powders
depended on the level of water activity
in both crops. The plant powders were
more potent at lower water activity. C.
alata leaf treated plates had higher
inhibitory effect on the test fungus when
compared with the other plant powders.
Maximum inhibition of 72% was
obtained at 0.90 aw which compared
favourably with Azole with a maximum
inhibition of approximately 74% at same
water activity (Table 3). At 0.90 aw, all
the plant powders had inhibitory effect
above 60%, unlike at 0.98 aw where the
inhibitory effect was as low as 21% in
both crops. However, D. regia treated
plates had the least inhibitory effect.
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DISCUSSION
The use of natural products has proved
to be an alternative in the management
of food and agricultural produce against
A. flavus contamination, due to the side
effects associated with the use of toxic
chemicals (Reddy et al., 2009). Many
workers have explored antifungal
substances from these products and
positive results have been obtained. The
water activity (free water) in food
products has been considered important
in the management of fungal
contamination in food products as this
plays a key role in the growth and
reproduction of the fungus. Generally,
it has been shown that higher water
activity increases mycelia growth rate
(Akbar and Magan, 2014; Lahouar et al.,
2016 and Somjaipeng and Ta-uea, 2016)
and this agrees with our findings in the
current study. Both the mycelial
diameter and growth rate of A. flavus
increased with increasing water activity
in all treated plates. Also the level of free
water in food products determined the
effectiveness of the plant powders
against A. flavus infection, thus re-
emphasizing the importance of proper
drying of food products before the
application of control measures.
Application of control measures at 0.90
aw using any of these plant powders will
prove valuable to the farmers and
appreciable results derived. Although,
Azole (fungicide) inhibited the
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production of Aspergillus flavus better
than the other plant powders, reduction
of the free water in food product before
treatment gave more potency to the plant
powders. By reducing free water in food
products, the activity of the fungus was
adversely affected. Cassia alata leaf
powder competed favourable with the
synthetic chemical and its effectiveness
in literature has been attributed to the
presence of so many natural substances
(Adebayo et al., 1999). According to
Nopamart, (2011); Timothy et al.,
(2012) and Ehiowemwenguan et al.,
(2014), these natural substances include
rhein, emodin, aloe-emodin, 4,5-
dihydroxy-1hydroxymethylanthrone,
chrysophanol, and kaempferol-3-O-
gentiobioside in the plant. Palanichamy
and Nagarajan, (1990) have attributed
the antifungal properties of C. alata to
the presence of chrysophanol and
kaempferol). These substances provide
protective effect by reducing sporul-
ation, spore germination, appressorial
formation, hyphal malformation and
collapse of hyphal tips of the fungus
(Prateeksha et al., 2019). Chrysophanol
has specifically been found active
against Aspergillus fumigates with
minimum inhibitory concentration value
of 50 µg/ml (Malik and Muller, 2016).
Azab et al., (2013) had also isolated
kaempferol from the leaves of D. regia,
which proved valuable against some
fungal pathogens. This substance may

have contributed to its antifungal
properties against the test fungus at
reduced water activity. Salem et al.
(2014) using extracts from the stem bark
of D. regia against Penicillum
selerotigenum, Paecilomyces variotii
and Aspergillus nigra obtained
inhibition value of 70-78%, while
Hernandez-Albiter et al., (2007)
reported the efficacy of crude leaf extract
of A. muricata on conidial germination
of two isolates of Colletotrichum
gloeosporioides. However, research on
the antifungal potentials of Cassia alata
seeds has not received much attention,
though the current study showed 64%
mycelia inhibition of the fungus at
reduced water activity of 0.90 which is
promising.

CONCLUSION
Our finding reveals that optimum water
activity for the growth of A. flavus was
0.98 and 0.995 aw and the pathogen
showed greater inhibitory effect at 0.9
aw at 28o C in all treatments. Hence, it
can be inferred that at 0.90 aw, A. flavus
contamination will not develop fast,
while at 0.98 and 0.995 the
contamination will be severe in the
tested crops. Furthermore, Cassia alata
leaf powder present promising
characteristics and could serve as an
effective alternative to systemic
chemicals against A. flavus in properly
dried ginger, turmeric and ginger- and
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turmeric-based products in the store.
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