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Ashanti pepper (Piper guineense) reduces aflatoxin formation in poorly stored maize grains
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Abstract: This study evaluated the influence of co-storing Ashanti pepper (AP), Piper guineense, with maize grains
under poor conditions on aflatoxin formation/levels and aflatoxigenic fungal population in the grains. Maize grains
were co-stored for 56 days with 1.25%, 2.5% and 5% (w/w) concentrations of either whole AP fruits or powder.
Aflatoxin content and population of Aspergillus section Flavi in the grains were analyzed at intervals of 14 days.
Aflatoxin formation in the whole and powdered AP-treated grains was significantly (p<0.05) inhibited in a
concentration and time dependent manner while reduction in aflatoxigenic fungal population was significantly
(»<0.05) more observed in the whole AP—treated grains compared to those co-stored with AP powder. The 2.5% AP
powder treatments proved more effective than other powder concentrations against aflatoxin formation (% inhibition
= 93.5) at 28 days of storage. However, 5% whole AP treatment was the most effective of all AP treatments against
aflatoxin formation (% inhibition = 95.8-99.7) across the 56-day storage period. Co-storing maize grains with whole
AP fruits therefore presents a farmer-friendly approach to aflatoxin mitigation during post-harvest storage.
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1. Introduction et al., 2014). Since aflatoxin contamination of crops
Contamination of agricultural produce (e.g. causes loss of quality grains, severe economic losses
maize) by aflatoxin-producing fungi and consequent and increased health risks due to consumption of
liberation of the toxic secondary metabolite, contaminated grains (Williams et al., 2004; Zain,
aflatoxin, in the commodity is relatively natural and 2011), several advanced integrated methods are being
unavoidable. Maize is presently the third most traded explored for the pre-harvest reduction and post-
cereal, aside from wheat and rice, with an estimated harvest control of aflatoxigenic fungi and aflatoxins
production of 872 million metric tons in over 160 in agricultural produce (Zain, 2011). Of prime
million hectares as at the year 2012 (FAOSTAT, consideration is the application of plant materials
2013). It is grown all over the world and its against aflatoxigenic moulds (Cabral ef al., 2013).
usefulness cannot be over emphasized: about 65% of Numerous studies have previously been carried
the world’s maize production is used for feed while out on control of aflatoxigenic fungi and aflatoxins in
the remaining 35% is shared between food (15%) and food and feed using plant materials such as whole
several industrial processes (20%) (UNDP, 2010). plants, aqueous plant extracts and volatile
Over 60% of maize harvested annually is stored for at compounds; most of which have proven useful
least 30 days. Storage and climatic conditions in (Cabral et al., 2013). For example, Agave asperrima
tropical regions such as in sub-Saharan Africa favour and A. striata extracts have been reported to have
the proliferation of moulds and subsequent inhibitory effects on growth of A. flavus and A.
accumulation of aflatoxins in maize (Bankole and parasiticus thus lowering aflatoxin production in
Adebanjo, 2003; Egal et al., 2005; Probst et al., affected crops (Sanchez et al., 2005), while oils of
2014); the need to control maize loss arising from Cinnamomum cassia and leaves of Laurus nobilis
post-harvest storage. The commonest aflatoxigenic have been shown to drastically lower aflatoxin
species that invade and colonize stored maize include production in A. parasiticus CFR 223 without
Aspergillus  flavus, A. parasiticus and A. affecting mould growth (Atanda ef al., 2007). Lemon
parvisclerotigenus (Atehnkeng et al., 2008; Perrone grass (whole and powdered leaves, aqueous extracts
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and volatile compounds) has also been reported to
delay fungal growth and inhibit aflatoxin synthesis
(Guynot et al., 2003; Atanda and Olopade, 2013).
Regardless of the wide application of plant and plant
products in the control of fungi and their toxins,
literature is scarce on the use of Ashanti pepper (AP)
for aflatoxin control. However, there is a report from
Nigeria on fungal and aflatoxin contamination of
three spices including AP (Ezekiel ef al., 2013). The
report showed that retailed AP contained relatively
high (incidence = 75%) fungal propagule but no
aflatoxins except for one sample which contained
very low (10.5 ng/g) aflatoxin B, levels.

Ashanti pepper (Piper guineense), otherwise
known as the West African pepper, is a spice
indigenous to western and central Africa. It is semi-
cultivated in countries such as Nigeria where the
leaves (commonly called Uziza) are used as
flavouring for stews. The fruits of AP are part of the
spices used in the daily preparation of hot spicy soup
for women who just put to bed within 1.5 months for
the purpose of cleaning up and stabilizing the womb
and bowels. A previous study reported AP as an
effective preservative for storing perishable foods
like fish (Kiin-Kabari et al., 2011). Recently, we
found that the aqueous extract of this spice was
capable of reducing by 99% aflatoxin biosynthesis in
aflatoxigenic species in vitro (Ezekiel et al.,
manuscript in preparation). This paper is therefore a
follow up study to determine the small-holder farmer
applicability of this spice in the control of aflatoxins.
Thus, we investigated the effect of co-storing maize
grains with either whole or ground AP under poor
conditions on aflatoxin  accumulation and
aflatoxigenic fungal load.

2. Materials and Methods
2.1. Maize and Spice Samples

White variety maize grains (32 kg) were
obtained from the Germplasm unit of the
International Institute of Tropical Agriculture,
Ibadan, Nigeria. About 500 g of dried Ashanti pepper
(AP) fruits were purchased from a local market in
Ogun State and transported to the Microbiology
laboratory, Department of Biosciences and
Biotechnology, Babcock University for further
handling. The AP firuits were purchased from
retailers within 14 days of harvest and drying. All
pepper fruits and maize grains were properly sorted
to remove unwanted macro-contaminants such as
plant debris and weevils. Afterwards, the AP fruits
were equally divided into two: one part was left
unground/whole while the other part was finely
ground into powder in a high-speed blender (Waring
Commercial Blender 8010BU, Model HGBTWT,
Connecticut, USA). All reagents and chemicals
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except otherwise stated were purchased from Sigma
Aldrich (St Louis, MO, USA).
2.2. Maize Preparation for Poor Storage

In order to create a poor micro-climatic condition
for the proliferation of aflatoxigenic fungi and
subsequent liberation of aflatoxins in the maize
grains, the grains were soaked in clean water for 10
minutes and air-dried overnight at ambient
temperature to allow for an increase in the moisture
content of the grains. The dried grains were randomly
batched into 34 groups of 900 g of grains and each
group was further divided into triplicate sub-samples
consisting of 300 g maize grains (i.e. 3 sub-samples
per group). The batching process resulted in a total of
102 samples. Triplicate samples were necessary to
allow the assessment of variation in aflatoxigenic
fungal load and aflatoxin levels. Each sample was
then placed in a polypropylene bag.
2.3. Treatment of Maize Grains with Ashanti

Pepper

The batched maize grains (34 groups) were
divided into two sets; each set comprising of 17
groups and 51 samples. Both sets were treated with
AP by mixing maize grains with appropriate
concentrations of the spice (whole or ground): one set
received the unground/whole AP fruits while the
other set was treated with the AP powder. Three
concentrations [1.25%, 2.5% and 5% (W/w)]
corresponding to 3.75, 7.5 and 15 g AP /300 g maize
grains respectively were used for the study. For each
set, each triplicate sample of maize grains that
represented a treatment group was treated with one of
the AP concentration. Treated maize samples were
then stored at ambient temperature for eight weeks
and analyzed every two weeks. For each interval, a
control group was set-up which was untreated maize
samples. Overall, there were five time intervals in
eight weeks: day 0, day 14, day 28, day 42 and day
56; and at each interval, excluding day 0, maize
samples treated with 1.25%, 2.5% and 5% (w/w) AP
and a control group were analyzed. At day 0, only
untreated/control maize samples were analyzed.
2.4. Quantification of Aflatoxins in Maize Grains

Aflatoxin concentrations in maize samples were
determined by high performance thin layer
chromatography (HPTLC) according to the method
described by Atehnkeng ef al. (2008) but with slight
modifications. Briefly, 10 g of maize grains were
ground in 50 ml of 80% methanol and the maize-
methanol slurry was shaken for 30 mins on an orbital
shaker (Lab-Line Instruments Inc. Illinois, USA).
The mixture was filtered through folds of Whatman
No. 1 paper and the filtrate was collected in a 250 ml
separatory funnel. Distilled water (50 ml) was added
to the filtrate to ease separation and the mixture was
shaken and extracted twice with 25 ml of methylene
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chloride. The methylene chloride layer obtained by
standing the funnel for 10 mins was filtered through
20 g of anhydrous sodium sulphate to remove
residual water. The extract collected in a
polypropylene cup was evaporated to dryness in a
fume hood and the residue was re-dissolved in 1000
pul of dichloromethane. Aflatoxin standards and
extracts were separated on TLC plates (silica gel 60,
250 um) by development in isopropanol-methanol-
water (96:3:1). The developed plates were visualized
under 365 nm ultraviolet light and scored visually for
presence or absence of aflatoxin with a 2 ng limit of
detection. Aflatoxins were quantified using scanning
densitometer, CAMAG TLC Scanner 3 with
winCATS 1.4.2 software (Camag AG, Muttenz,
Switzerland), as described previously (Suhagia et al.,
2006).
2.5. Enumeration of Aspergillus section Flavi

Load in Maize Grains

Ten grams of each sample of maize grains was
taken from the AP-treated and untreated groups at
each time interval and subjected to mycological
analysis to determine the load of aflatoxigenic
Aspergillus section Flavi. Prior to mycological
analysis, maize grains were sorted or sieved through
a fine mesh to remove residual whole AP fruits or
powder that may interfere with fungal load. Moulds
were isolated from the samples by the dilution plating
technique described by Samson et al. (1995). The 10
g sub-sample of maize grains was ground into fine
powder and plated on triplicate modified Rose
Bengal Agar (mRBA) plates (Cotty, 1994) after
appropriate dilution in 90 ml of sterile water and
vortexing for 2 minutes. The inoculated plates were
incubated unilluminated at 31 °C for 3 days and all
colonies with resemblance to those of the section
Flavi (Klich and Pitt, 1988; Cotty and Cardwell,
1999; Ehrlich et al., 2007) were counted and
expressed as log;oCFU/g. To confirm isolates
belonging to the section Flavi, all colonies were
transferred from the triplicate mRBA plates
representing a treatment concentration to freshly
prepared neutral red desiccated coconut agar
(NRDCA) plates for phenotyping as previously
described in Ezekiel ef al. (2014a).
2.6. Statistical Analysis

All data obtained from this study was analyzed
using SPSS® 15.0 (Windows version, SPSS, IL,
USA). The means of load of Aspergillus section Flavi
in the samples were calculated. Means for aflatoxin
concentrations in the samples by their treatments
were also calculated. All means were tested for
significance at 95% confidence level using one-way
ANOVA, compared and separated by the Duncan’s
Multiple Range Test.
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3. Results

3.1. Reduction of Aflatoxin Formation in Maize
Grains
The potential of AP to inhibit aflatoxin

formation in maize grains co-stored with the spice
under poor conditions over a period of 56 days can be
shown in two ways: (1) the influence of AP (whole
and powdered form) concentrations on percentage
reduction of aflatoxins in the treated grains at specific
time intervals (Fig. 1), and (2) the trend of aflatoxin
reduction mediated by each concentration of whole or
powdered AP across the time intervals (Fig. 2).
Aflatoxin inhibition in the whole AP-treated maize
grains increased significantly (p<0.05) with time and
was concentration dependent at all time intervals
throughout the study period (Fig. 1). At day 14, the
aflatoxin levels and corresponding percentage
reductions in aflatoxin levels were: 1115.46 ng/g and
36.98%, 807.05 ng/g and 54.41%, 74.53 ng/g and
95.79% for the 1.25%, 2.5% and 5.0% treatment
concentrations, respectively. The recorded percentage
reduction in aflatoxin levels for 1.25% and 2.5%
whole AP treatment at day 14 significantly (p<0.05)
doubled at days 28 and 42 and subsequently
increased until day 56, while the 5% treatment
concentration constantly maintained a very high
inhibitory activity (95.79-99.65%) against aflatoxin
formation regardless of storage time (Fig. 1). For the
AP powder-treated maize grains, aflatoxin inhibition
significantly (p<0.05) increased (25.19%, 65.57%
and 91.29%) with increased concentration (1.25%,
2.5% and 5.0% respectively) of the spice’s powder at
day 14. However, at days 28, 42 and 56, an increase
in the concentration of the powdered spice from
1.25% to 2.5% caused a significant (p<0.05) increase
in aflatoxin inhibition followed by a significant
(p<0.05) decrease in the inhibitory activity of AP
powder at 5% application (Fig. 1).

Figure 2 shows the efficacy of each
concentration of whole or powdered AP treatment
towards aflatoxin inhibition in the poorly stored
maize sample across the storage period. The 5%
concentration of whole spice showed the most
consistent inhibitory pattern and had the highest
effect against aflatoxin formation in the grains across
the time intervals (percentage reduction: 95.79,
98.68, 99.60 and 99.65 at days 14, 28, 42 and 56
respectively) compared to other whole AP treatment
concentrations. Conversely, the potential of the 5%
powder treatment concentration to inhibit aflatoxin
production in the poorly stored grains reduced
significantly (p<0.05) and consistently across the
storage duration (percentage reduction: 91.29, 80.63,
76.56 and 7527 at days 14, 28, 42 and 56
respectively). However, at day 28 of grain storage the
1.25% and 2.5% concentrations of AP powder
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significantly (p<0.05) reduced aflatoxin formation in
the grains by 92.49% and 93.50% respectively (Fig.
2); this trend was reversed in subsequent days such
that aflatoxins accumulated significantly (p<0.05) in
the grains at days 42 and 56. Overall, co-storing the

maize grains with 5% whole AP was observed to be
the most effective in reducing aflatoxin levels under
poor storage conditions throughout the study period

(Fig. 3).
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Fig. 1. Percentage reduction of aflatoxins formed during co-storage of maize grains with different concentrations of
whole or ground Ashanti pepper fruits at specific time intervals. Polynomial trend/regression line for best fit
inhibition data (day 56 for whole AP fruits and day 28 for AP powder).
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Fig. 2. Rate of aflatoxin inhibition in poorly stored maize grains by concentrations of whole or ground Ashanti
pepper fruits across a 56-day co-storage period. Vertical lines on data points indicate the standard error of mean (o =

0.05).

3.2. Population of Aspergillus section Flavi in

Maize Grains

The effect of co-storing maize grains with whole
or ground spice on the population of Aspergillus
section Flavi for a 56-day period is shown in Fig. 3.
At all time intervals, Aspergillus section Flavi
population was significantly (p<0.05) higher (100—
1600 cfu/g) in the control (untreated) maize grains
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than in the grains co-stored with whole AP fruits (0—
600 cfu/g). Furthermore, the count of section Flavi
isolates diminished in the grains at days 42 and 56 of
co-storage compared with the loads during the 14™
and 28" days. No fungal counts were found in the
grains co-stored with 2.5% and 5% whole AP at days
42 and 56 (Fig. 4). No significant (p<0.05) change in
the population of Aspergillus section Flavi was
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observed in the AP powder-treated (100-1200 cfu/g)
and untreated/control (100-1600 cfu/g) maize grains
at all time intervals although the counts in the all
treated maize grains were lower than the untreated at

Maize grains containing
aflatoxigenic fungi and aflatoxins

Ashanti pepper fruits

days 28 and 56 days of storage (Fig. 4). Overall, co-
storing maize grains with whole AP fruits proved
better than the powdered spice in reducing the load of
aflatoxigenic moulds (Fig. 3).
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Fig. 3. Whole Ashanti pepper (AP) fruits drastically lower aflatoxin formation and aflatoxigenic fungal load in

poorly stored maize grains than the ground AP.
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4. Discussion

The harmful effects of aflatoxins to humans,
animals and livestock as well as trade losses incurred
by their presence in export grains have necessitated
the continuous search for effective aflatoxin
biocontrol measures in agricultural commodities. In
sub-Saharan Africa (SSA), efforts are presently being
directed at affordable and reliable, farmer-friendly
methods (Atehnkeng et al., 2014). Those methods
that target post-harvest storage may be preferred due
to the prolonged duration and poor conditions of
storage prevalent in most developing nations. This
study therefore explored the influence of co-storing
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maize grains with whole AP fruits and powder on
aflatoxin accumulation and aflatoxigenic fungal
proliferation under poor storage conditions.
Literature is scarce on the application of AP in
aflatoxin control; hence the significance of this study
which is in the simplified use of a local and natural
product for aflatoxin control in agricultural
commodities.

All AP treatment concentrations had some level
of inhibitory action against aflatoxin formation and
aflatoxigenic fungal load in the co-stored grains
compared to the control/untreated grains. However,
aflatoxin accumulation in the poorly stored maize
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grains was significantly reduced in the whole AP-
treated grains compared to the grains co-stored with
AP powder, at all concentrations and time intervals.
This suggests the relevance and applicability of the
whole spice for aflatoxin control in stored
commodities. The general inhibitory effect of the
spice and higher percentage reduction of aflatoxins
influenced by the whole spice than the powder may
be attributed to the actions of significant proportions
of volatile compounds in the spice. Ekundayo et al.
(1988), Onyenekwe et al. (1997) and Olonisakin et
al. (2006) previously reported the presence of volatile
compounds including caryophylene, dillapiol,
elemicin, limonene, myristicin, pinene and safrole in
distilled oil of AP by gas chromatography-mass
spectrometry. As a member of the Piperaceae family,
oil from the spice contained high contents of the
above listed compounds (McGee, 2004; Olonisakin et
al., 2006). Volatile compounds have been reported to
exhibit anti-aflatoxigenic activity in several
aflatoxigenic species (Thanaboripat et al., 2007;
Rasooli et al., 2008; Passone et al., 2012; Shukla et
al., 2012). Hence, their presence in AP may also have
been responsible for the very low fungal counts
recorded in the whole AP co-stored maize grains
after day 28 (i.e. storage time of 42 and 56 days).
This is in addition to the expected microbial
competition within the microhabitat as evidenced in
the low fungal counts for control samples. This fact is
further supported by a similar study which showed
that garlic, oregano and caraway seeds contained
certain compounds in their extracts that inhibited the
growth of some Eurotium and Aspergillus species
(Dimic et al., 2007). Furthermore, our findings are
strengthened by the reports of Kiin-Kabari et al.
(2011) who found AP to be an effective preservative
for storing smoked-dried fish up to six weeks.

It is known from our previous study on the anti-
aflatoxigenic effect of aqueous extracts of AP against
some aflatoxin producing species that the spice
contains phenols, alkaloids, flavonoids, isoflavonoids,
tannins, glycosides, terpenes (Ezekiel et al.,
manuscript in preparation). These compounds
together with the volatile compounds have the
potential advantage of being bioactive in their vapor
phase, a characteristic that makes them attractive as
possible fumigants for the protection of stored
products (Cabral et al., 2013). The mechanisms of
action of this spice and its volatile compounds,
however, are yet to be proven and work is in progress
in this regard.

Furthermore, the increase in surface area of the
powdered sample could have facilitated the easy loss
of the volatile compounds, thereby reducing the
potency of the powdered samples compared to the
whole spice over the period of study. This is
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obviously the most suitable explanation for the
sudden increase in aflatoxin formation in the grains
co-stored with AP powder after 14 days for the
highest concentration (5%) and 28 days for the lower
concentrations (1.25% and 2.5%) in contrast to the
grains co-stored with the whole spice. Therefore, the
powdered form may be useful for short term storage
(up to 20 days). However, when the time and energy
invested in the conversion of the whole spice into
powder is considered; in addition to the consistent
inhibition of fungi and aflatoxin formation exhibited
by the whole spice over the powdered spice at all
time intervals, it becomes more logical to exploit the
whole spice. This will be faster, much easier for local
farmers to handle. Furthermore, powdering the spice
may serve as an avenue for introducing unwanted
microorganisms in the micro-environment.

It is important to note that the previous study on
fungal and aflatoxin contamination of AP retailed in
markets in Lagos, Nigeria (Ezekiel et al., 2013)
contrasts the present study where AP is used to lower
aflatoxigenic fungal growth and inhibit consequent
aflatoxin formation in co-stored maize grains. The
reason is not farfetched: the spices investigated and
reported in 2013 were in possession of the retailers
for more than 90 days (data not shown) in contrast to
the spices used in the present study which was
purchased from retailers within 14 days of harvest
and drying. It is known that keeping spices for long
periods tend to compromise their physical and
chemical integrity thus paving way for some
saprophytic moulds such as those of Aspergillus
section Flavi. It should also be noted that the AP
reported by Ezekiel et al. (2013) had very low (8.3%)
aflatoxin contamination; an indication that the spice
is not a suitable substrate for aflatoxin production in
aflatoxigenic species regardless of storage time, due
to natural chemicals as those already mentioned.

In conclusion, this study has shown that AP,
especially the 5% (w/w) concentration of whole
fruits, can be wuseful in reducing post-harvest
aflatoxin contamination of maize grains in the local
setting where poor storage conditions are prevalent.
Since populations of tropical regions including SSA
countries are more exposed to aflatoxins through
contaminated staples (e.g. maize and groundnuts)
than those in the temperate regions (Abia et al., 2013;
Ezekiel et al., 2014b) and poor storage conditions
which are almost inevitable in the local parlance
contribute to higher toxin incidences in the
foodstuffs, efforts to scale up this technology to a
friendlier method for smallholder farmers should be
considered.
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