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Abstract

Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) is an important tree plant whose seed
kernels are widely used in Nigeria, but commercial Irvingia kernels pose a potential health
hazard to its numerous consumers, owing to postharvest fungal infections. The choice of
chemicals in the control of plant diseases have shifted from application of synthetic
fungicides to botanicals (plant extracts), owing to the health and environmental hazards
associated with the use of the former. Hence in this research, postharvest qualities of
commercial Irvingia kernels were investigated, and the antifungal activity of Ocimum
gratissimum extract against spoilage fungi was studied using well-in-agar diffusion method.
Results showed that mean postharvest qualities of commercial Irvingia kernels in Bayelsa
State, Nigeria were not significantly different across different markets. Overall postharvest
disease incidence and severity were 47.78% and 34.67%, respectively. Three fungal species
Aspergillus, Fusarium and Mucor were isolated, and crude extracts of Ocimum gratissimum
inhibited the growth of all three fungi. Antifungal activity measured as diameter of zone of
inhibition showed that O. gratissimum extract at 20% concentration was very active against
Aspergillus (17.00mm) and Mucor (16.00mm) species whilst being moderately active against
Fusarium species (15.00mm). O. gratissimum could serve as a potentially viable alternative
to chemical fungicides in the preservation of postharvest Irvingia kernels.

Keywords: Postharvest, spoilage, Irvingia, Aspergillus, Fusarium, Mucor, Ocimum
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INTRODUCTION

The spoilage of agricultural plant produce arising from postharvest diseases and disorders is a
serious challenge undermining public health and developmental efforts of many countries all
over the world. Postharvest diseases are responsible for heavy losses of agricultural produce
during storage, reduce food quality and render them unfit for human consumption (Doyle,
2007). Generally, microorganisms are adjudged the most notorious culprits, amongst other
factors, responsible for postharvest diseases of crops (Ray et al., 2000) and fungi in
particular, have been found to be one of the principal causes of postharvest losses in many
zones of the world, ranking alongside insects and pest (Greer, 1990). The occurrence of
fungi in food does not only render the food undesirable in terms of palatability but consumers
of fungal infected food stand the risk of a huge health hazard. This is because some fungi
implicated with postharvest diseases are able to produce mycotoxins known to be highly
toxic, carcinogenic, and are able to also suppress one’s immune system, cause growth
retardation, liver disease, and death in both humans and domestic animals (Miller, 1991;
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Prelusky et al., 1994; Bankole et al., 2005). Seeking ways to effectively control postharvest
spoilage of agricultural produce is therefore undeniably essential, especially for crops such as
Irvingia kernels that are widely consumed in Nigeria and other parts of the world.

Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) sometimes called bush mango is a
dominant tropical forest tree of west and Central Africa, and is one of the most domestically
consumed wild fruit tree (Ladipo, et al., 1995). The kernels, considered to be the valuable
part of the fruits, are used as a sauce thickening agent in the preparation of a famous
‘Ogbono’ soup which is widely consumed in Nigeria (Matos et al., 2009; Oyakhilome, 1985).
Locals usually harvest the fruits for their kernels which are sun dried and stored in bags until
when needed for sale or consumption. Recent studies have shown that postharvest
commercial Irvingia kernels are laden with several fungal species (Etebu and Bawo 2012a),
some of which are known to produce mycotoxins. Although, there is yet no report of illness
arising from consumption of Irvingia kernels, other workers have demonstrated the
occurrence of mycotoxins among Irvingia kernels in storage (Adebayo-Tayo et al., 2006),
making their consumption a potential health risk. There is therefore the need to seek ways
that would control the proliferation of potentially harmful spoilage fungi associated with the
kernels.

The use of synthetic chemicals in the preservation of postharvest agricultural produce in
storage has proven over the years to be very effective in controlling pathogenic fungi (Frazier
and Westhoff, 1998; Manczinger et al., 2002). Notwithstanding the pedigree of effectiveness,
their use is increasingly becoming undesirable because they are themselves carcinogenic,
teratogenic, highly toxic with long degradation periods, and are able to induce chemical
poisoning, as well as fungal resistance (Lingk, 1991; Adegoke et al., 2002). As a result, the
search for postharvest control strategies has recently been directed towards the use and
implementation of natural preservatives that may have a positive effect on human health
(Burt, 2004; WHO 2002).

Amongst natural preservatives, the use of natural essential oils obtained from plants has been
promising. They have been shown to reduce microbial and chemical spoilage among
agricultural produce (Guenther, 1948; Pessoa, 2002) and more importantly, they are eco-
friendly, with no proven detrimental effect on human health and the environment even at high
concentration (Nychas, 1995; Smid and Gorris, 1999). One of such proven botanicals is
Ocimum gratissimum. Extracts of Ocimum gratissimum have been shown by numerous
workers to control postharvest microbial infestations and aflatoxin contamination of food
commodities (Bankole and Somorin, 2010; Ikheorah and Okoye, 2005; Nguefack et al., 2004;
Okigbo, 2004; Okigbo and Ogbonnaya, 2006).

In this work, the postharvest quality of commercial Irvingia kernels sold in selected
community markets in Bayelsa State, Nigeria was studied, and the potential use of Ocimum
gratissimum in the preservation of Irvingia kernels was also studied by investigating the
antifungal activity of the test plant extract against spoilage fungi isolated from postharvest
Irvingia kernels. The findings of this work would provide simple ways to reduce the health
risk hazards potentially associated with the consumption of postharvest Irvingia gabonensis
kernels.

Materials and methods

Experiment 1: Survey of postharvest quality of commercial Irvingia kernels

One cup of Irvingia kernels (about 60 kernels) were purchased from 3 retailers from a
community market situated at Amassoma (4°58'N 6°06'E) of Bayelsa State, Nigeria.
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Thereafter, 30 kernels were randomly, separately selected from each replicate and assessed
for weight, Percentage incidence and severity of postharvest disease/spoilage. The procedure
was repeated with Irvingia kernels purchased from two other community markets, Agudama-

Epie and Edepie (as shown in fig. 1) L

.;
. B

1
"
[
.
]
[
]
"

orpatueLl. d E&m Capial

o Towis

BIGHT OF BONMNY

o
gy 1] i -
. " oitsl Stad [ ] Proposed
State capi taimboundary L) ‘. J Fadecal
# Local Govemment 15 18k " 14 Seale 1-250,000
Haady.aners - | el . o

Fig. 1: Map showing two sample markets (Agudama-Epie and Edepie)
Source: National Population Commission, 1996

Postharvest spoilage of Irvingia kernels was identified by the appearance of brownish to
black colouration on the kernels. Percentage incidence of infected kernels was calculated

thus:
) L. Number of discoloured kernels 100%
Percentage disease incidence = 20 X

Severity of postharvest spoilage was determined visually by the proportion of kernel area
affected by brownish to black discolouration and expressed in percentage as according to
Etebu et al. (2003) and Etebu (2013).

The mean score of 30 kernels from a cup of kernels purchased from a retailer was considered
to represent a replicate. Percentage data were arcsine transformed according to Gomez and
Gomez (1985), and all data sets were subjected to ANOVA using Generalized Linear Model

of SPSS version 16.0 Statistical software.

Isolation of spoilage fungi from commercial kernels
All the 270 kernels previously selected at random from all retailers across all three markets

were thoroughly mixed and about 10 kernels were further picked at randomly, and surface
sterilised in 0.7% sodium hypochlorite according to Etebu et al. (2003) and plated onto PDA
medium previously prepared according to Manufacturer’s prescription and amended with
50ug ml™ each of streptomycin and tetracycline according to Etebu et al. (2003). The plates
were incubated at room temperature of about 25°C for 3 days. Fungal colonies were
repeatedly sub-cultured after every three days until pure cultures were obtained. Pure fungal
colonies were thereafter transferred onto Sabouraud dextrose agar (Oxoid Ltd, Hampshire,
UK) and sporulating colonies were identified based on macroscopic and microscopic
examination according to Alexopoulos (1962) and Barnett and Hunter (1972).

Three fungal isolates (Aspergillus, Fusarium and Mucor species) so obtained were further
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exposed to Ocimum gratissimum extract with a view of studying the inhibitory effect of the
latter on the fungal isolates.

Experiment 2: Potential use of Ocimum gratissimum (Scent leaf) against postharvest
fungal spoilage of Irvingia kernels

The inhibitory effect of aqueous leaf extracts of Ocimum gratissimum on growth of three test
fungi (Aspergillus sp. Fusarium sp. and Mucor sp.), previously isolated from postharvest
kernels of Irvingia fruits was studied, using the well-in agar diffusion method. Leaves of
Ocimum gratissimum were collected in June 2013 from a natural forest located in Amassoma
(4°58'N 6°06'E) of Bayelsa State, Nigeria, and washed thoroughly under running water and
further with sterile distilled water. The leaves thereafter were homogenized into paste using a
vegetable blender. Two portions of paste were thereafter separately mixed with sterile
distilled water to arrive at 5 and 20% of extract, respectively. The resulting mixtures were
stirred vigorously and allowed to stand for one hour, and were thereafter separately filtered
through folds of sterile cheese cloth. The resultant crude plant extracts (20% and 5%) were
then kept in separate containers in a refrigerator at 4°C until used.

Sabouraud dextrose agar (SDA) (Oxoid Ltd, Hampshire, UK) was prepared according to
manufacturer’s prescription, and integrated with 50pug ml™® each of two antibiotics
(streptomycin and tetracycline) according to Etebu et al., (2003) and Etebu and Bawo (2012).
Three media plates were separately inoculated with suspension of Aspergillus sp. Fusarium
sp. and Mucor sp. respectively by spread plate method in three replicates. Thereafter, a sterile
Cork borer (8 mm diameter), was used to bore hole in each of the inoculated solid agar, and
1ml of the 5% O. gratissimum extract was dispensed into the hole on each plate. The plates
was allowed to stand for 30mins for diffusion of the extract to occur and then incubated at
room temperature for 5 days. This procedure was separately repeated for the 20% O.
gratissimum extract, a fungicide (Ketoconazole 500ugml™) suspension, and distilled sterile
water. The fungicide and water were to serve as positive and negative controls, respectively.

The inhibitory effect of the test plant extracts and control treatments were ascertained by a
clear zone of inhibition of fungal growth around the well after 5 days of incubation. Data on
postharvest qualities of commercial Irvingia kernels and diameter of zone of Inhibition were
first transformed where appropriate according to Gomez and Gomez (1985) and subjected to
ANOVA using the generalized linear model of SPSS version 16.0 computer software. Mean
diameter of zones of inhibition were further subjected to Tukey’s mean separation test and
comparisons were made with respect to the test plant extracts and controls.

Results and Discussion

Commercial Irvingia kernels sold in Bayelsa State, Nigeria were infected by postharvest
spoilage fungi but pathological qualities of kernels sold in the different markets were not
significantly (P=0.05) different. Although postharvest qualities of kernels sold in the
different markets were not significantly (P=0.05) different, a substantial proportion of the
kernels were observed to have disease symptoms in all three markets investigated.

Overall mean percentage disease incidence and severity across all three markets were 47.78%
and 34.67%, respectively (Table 1).

Table 1: Postharvest quality of commercial Irvingia kernels sold in some selected
community markets in Bayelsa State
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Mean % disease

Mean weight of Mean percentage  severity (Arcsine  Weighted Mean %
Community kernels disease incidence  transformed) disease severity
Agudama-Epie 46.70 47.77 33.00 29.66
Amassoma 43.57 52.23 35.01 32.92
Edepie 46.47 43.33 40.20 41.66
Overall mean 35.58 47.78 36.07 34.67

*No significant difference was observed between any two community markets regarding any
of the postharvest quality parameters measured in this work.

This showed that about half of Irvingia kernels sold in these markets in the month June had
abnormal discolouration, and on the average, over one-third of the surface area of all
commercial Irvingia kernels were completely discoloured in these markets, about one year in
storage (June, 2012- June, 2013). Results from a recent work showed that a gram of
commercial Irvingia kernels could be contaminated with as much 1.17E+05 to 6.92E+05 of
fungal isolates (Etebu and Bawo, 2012a), and postharvest disease incidence and severity of
agricultural produce such as Irvingia kernels have been reported to be dependent on treatment
method, storage conditions and period (Etebu and Bawo, 2012b; Niranjana et al., 2009).
Differences in postharvest qualities measured in this work were not significantly (P< 0.05)
different with respect to the different community markets because Locals who trade in this
commodity are from the same ethnic, cultural and possibly educational background, and this
would have made them treat and store the kernels about the same way. Although the form of
treatment adopted prior to storage of Irvingia kernels was not investigated in this work,
earlier Workers have reported that the kernels are usually spread on platforms often with no
pre-treatment and are turned regularly until sufficiently dried so that they can be stored until
needed for consumption (Etebu and Bawo, 2012b; Latapi and Barret, 2006; Berinyuy et al.,
2012). Kernel discolouration and fungal attack are said to be the major determinants of
Irvingia quality in marketing (Ladipo, 1999). Irvingia kernels become discoloured due to
fungal attack if they are not sufficiently dried soon after harvest.

Members of three genera of fungi (Aspergillus, Fusarium and Mucor species) were isolated
from commercial Irvingia kernels sold in all the three community markets studied in this
work. A fairly recent similar work showed that Irvingia kernels sold in Yenagoa metropolis
of Bayelsa State, Nigeria were often contaminated with Aspergillus and Mucor species
amongst others (Etebu and Bawo, 2012a). Fusarium species were not encountered then.
However, an equally recent work showed that Fusarium species could indeed be implicated
in postharvest spoilage of the Irvingia kernels depending on the pre-storage treatment
methods, storage conditions and period (Etebu and Bawo, 2012b). It therefore suggests that at
least one of the retailers in any of the markets sampled would have exposed his/her kernels in
ways that necessitated the proliferation of Fusarium species.

Result on the potential use of Ocimum gratissimum in the preservation of postharvest Irvingia
kernels showed that aqueous crude extracts of Ocimum gratissimum at concentrations of 5%
and 20% separately inhibited the growth of all test fungi in comparison to the control (Water)
treatment. Ocimum gratissimum is found throughout the tropics and subtropics, including
Nigeria (Sulistiarini et al., 1999; Orwa et al., 2009), and numerous workers have shown that
its extracts could be applied to control postharvest microbial infestations and mycotoxin
contamination of food commodities (Bankole and Somorin, 2010; Ikheorah and Okoye, 2005;
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Nguefack et al., 2004; Okigbo, 2004; Okigbo and Ogbonnaya, 2006). However, this work is
the first report where the potential use of O. gratissimum in the preservation of postharvest
quality of Irvingia kernels was investigated.

Antimicrobial properties of O. gratissimum are attributed to phytochemicals and essential oils
which they possess. Phytochemicals and essential oils are secondary metabolites that are non-
nutritive in themselves but have been found to confer on plants that possess them the ability
to resist microbial infections, and sometimes environmental stress (Prabhu et al., 2009;
Ladipo et al., 2010; Matasyoh et al., 2007; Pandey and Chowdhury, 2000; Terezinha et al.,
2006; Dubey et al., 1997; Jirovetz et al., 2005; Offia and Chikwendu 1999; Njoku et al.,
1997; Lawrence, 1997). Phytochemicals and essential oils inherent in O. gratissimum have
been shown to possess a broad range of properties including antibacterial, (Oussalah et al.,
2007, Prabhu et al., 2009) antifungal (Terezinha et al., 2006, Matasyoh et al., 2007), antiviral
(Schnitzler et al., 2011), insecticidal (Essam, 2001), antioxidant properties (Chu et al., 2002;
Ganiyu, 2006) etc.

The fungal inhibitory effect of extracts of O. gratissimum in this study was observed to be
dose dependent. Whilst the overall mean diameter of zone of inhibition across all three test
fungi was 28.69mm, the plant extract at 20% concentration had a greater inhibitory effect on
the fungi (16.00mm) than at 5% concentration (8.77mm) (Table 2).

Table 2: Comparative effects of different concentrations of plant (Ocimum gratissimum)
extracts and fungicide on postharvest spoilage fungi of Irvingia kernels samples
Diameter of Zone of inhibition (mm)

Treatment

Aspergillus sp. Fusarium sp.  Mucor sp. Mean
Water 0.00% 0.00% 0.00% 0.00
Plant Extract* (5%) 8.90b 8_80b 7_80b 8.77
Plant Extract* (20%) 17.00° 15.00° 16.00° 16.00
Ketoconazole ( 0.5mg/ml) 90_000' go_ood 9o_ood 90.00
Mean 28.95 28.68 28.45 28.69

*Plant Extract = Ocimum gratissimum Extract

This pattern of correspondingly greater diameter of zone of inhibition with respect to increase
in concentration of the plant extract was similar to results reported by several other workers
(Amadioha and Obi 1999; Udo et al., 2001; ljato, 2011). These workers separately reported
that an increase in the concentration of an antimicrobial plant extract achieved a better result
in the control of pathogenic fungi. Similarly, Tagne et al., (2000) also reported that plant
extracts at 10ppm exhibited a considerable degree of antifungal activity but test fungi were
completely inhibited when concentration of extract was increased to 800ppm.

On the contrary, other works have equally shown that the growth of some fungi, Fusarium
species in particular, are inhibited more by plant extracts when the latter are used in smaller
concentrations that at higher concentrations (Zunera et al., 2012). This occurrence could
possibly be explained thus: It could be that the plant extracts in question are not antifungal,
but contain substances that are more or less sources of nutrients exploited by the fungi. Since
abundance of food would naturally lead to increased growth rate, increase in concentration of
such plant extracts would also favour the growth and increase of such groups of fungi and

IIARD - International Institute of Academic Research and Development




Research Journal of Food Science and Quality Control Vol. 2 No.1, 2016 www.iiardpub.org

vice versa.

Results from this present work also showed that the degree of antifungal activity of extracts
of O. gratissimum was different for the different test fungi. Antifungal activity of the extract
was most active against Aspergillus species and least on Fusarium species (Table 2). The
differential antifungal effect of O. gratissimum on Aspergillus and Fusarium could not easily
be fathomed. A long-standing debate has been whether or not Fusarium and Aspergillus spp.
are antagonistic pathogens (Robertson-Hoyt et al., 2006), and an earlier work by Marin et al.
(1998) seem to suggest that the two species of fungi are indeed antagonistic. Specifically,
they showed that the growth of Aspergillus spp. was slowed in the presence of Fusarium spp.
Similarly, different workers at different times have shown that Fusarium and Aspergillus
species respond differently to antifungal agents. An antifungal substance could be active
against Aspergillus species but not Fusarium species and vice versa. In particular, an earlier
work aimed at investigating the susceptibility of different test fungi to different antifungal
drugs showed that Itraconazole and caspofungin that were clearly active against Aspergillus
species were not active against Fusarium species (Lalitha et al., 2007). Conversely, Day and
Associates (2009) showed that whilst Fusarium species were susceptible to two antifungal
drugs (moxifloxacin and tobramycin), the drugs were not active against Aspergillus species.
The results of this present work suggest that O. gratissimum may be more effective if used in
the control of postharvest diseases occasioned by Aspergillus species than by those caused by
Fusarium species.

Johnson and Case (1995) asserted that an organisms could be considered resistant if diameter
of zone of inhibition is < 10mm, intermediate (moderately susceptible/resistant) if diameter
of zone of inhibition is between 11-15mm and susceptible if the zone of inhibition is >
16mm. Going by this assertion, 20% O. gratissimum extract could be said to be very active
against Aspergillus and Mucor species whilst being moderately active against Fusarium
species.

Conclusion

Agueous crude extracts of O. gratissimum inhibited the growth of Aspergillus, Fusarium and
Mucor species especially at 20% concentration. Ocimum gratissimum at this concentration
was considerably active against Aspergillus and Mucor species whilst being moderately
active against Fusarium. This botanical would potentially be effective in the control of
postharvest spoilage of Irvingia kernels in storage, especially diseases/spoilage occasioned by
Aspergillus and/or Mucor species. It would serve as a viable alternative for chemical
fungicides, being readily available to all and sundry and possesses little or no threat to our
environment.
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