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Abstract

The kernels ofrvingia gabonensis (Aubry-Lecomte ex O'Rorke) are highly valued for theirntidnal and healtt
benefits but they are susceptible to storage fuingi coulc evoke a broad range of toxic projies. Although
Irvingia kernels are widely consumed in Bayelsa State thengtial hazards and benefitsIrvingia consumption in
the State has not been studied. Hence the fungdityg(potential hazards) and phytochemicals (pidtmenefits)
of Irvingia kernels sold in selected markets (Swali, Opolo Bdepie) in the State was investigated. Results st
thatIrvingia kernels were sold in open plastic containers. Fupggulation on the kernels on display for saleea
significantly (P< 0.05) amoryg the selected markets. Mean Fungal populatiorgpan oflrvingia kernels obtained
from Swali, Opolo and Edepie markets were 1.17E208)E+05 and 6.92E+05 respectively. Five genRhizopus,
Mucor, Aspergillus, Penicillium and Candida) of fungi were isolated across all three markéthytochemica
analyses showed thatvingia kernels sold in all markets under study possesHedoals, saponins, tannins a
flavonoids, known to play significant roles in hum@edicine. Some of the fgi found to colonize the kernels hs
been implicated in the production of potentiallytgrd toxins under suitable conditions. We recommntéatiirvingia
kernels on sale should be monitored regularly bgvent government agencies to ensure the safc consumers,
whilst the conditions under which postharvest fungi wqargduce mycotoxins ilrvingia kernels during storage are
studied.

Keywords: Irvingia gabonensis, Postharvest fungiAspergillus spp. Penicillium spp., Phytochemicals, Fungal
quality

1. Introduction

Irvingia gabonensis (Aubry-Lecomte ex O’Rorke), sometimes ca Bush Mango is a dominant tropical forest t
of west and Central Africa, which is rated as ohéhe most domestically consumed wild fruit treedipoet al.,
1995). In Nigeria, particularly in the southern daktern regions, it is grown and consumed bagibaktause of it
kernels which serve as a major condiment in thpgragion of Nigeria’s famous ‘Ogbono’ soup. The alyment of
Forest Resource Managemtdn Ibadan (1986) estimated that annual consumpdif Irvingia seeds in southern
regions of Nigeria ranged from 3.2 to 14.13 kg Ipeusehold. Similarly, Oyakhilome (1985) estimateal Irvingia
seeds are used in one third of all soup prepamatiohigeria’s southern region.

I. gabonensisis highly valued for its health and medicinal batsefDugumaet al., 1990; Ndoyeet al., 1997), and
agricultural potentials (Etebu, 2012a). Studiesehaliown that seed extract |. gabonensis caused a significant
reduction in body weight among obese people in Caome (Ngondiet al., 2005). Similarly, earlier studies h
attributed a reduction in the incidence of diseasesh as cancer, cardiovascular disease, catagatshrain an
immune dysfunction to conmption of fruits and vegetables (Amet al., 1993; Liu, 2003; Vinsoret al., 1998),
which in turn was credited to natural antioxidahyf@chemicals inherent in them (Quideet al., 2011). Agbor and
associateg2005) while working with various herbs & spices showed thdtvingia seeds had high antioxide
capacity.

The downside to all these potential benefits détiwvadrom consuminglrvingia kernels is that they are higr
susceptible to postharvest spoilage fungi whilestiorage. In particular, seral studies have shown thirvingia
kernels displayed on shelves for sales in Nigeriaarkets are often contaminated with spoilage fi
(Adebayo-Taycet al., 2006; lyayiet al., 2010), some of which produce mycotoxiMycotoxins are toxic seconda
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metabolites common in many grains during storagkaaa produced under appropriate environmentalitiond by
filamentous fungi, mainlhyAspergillus spp., Penicillium spp., andFusarium spp. (Amadi and Adeniyi, 200' Jestoi,
2008).

Consumption of high levels afycotoxins can evoke a broad range of toxic prageincluding carcinogenicit
neurotoxicity, as well as reproductive and develeptal toxicity (Jestoi, 2008). In particuliaflatoxin, a common
mycotoxin associatewith food, has been reported to have causedstiramong several hundreds of Kenyar
2004, and leaving 125 people dead (Leet al. 2005; Strosnidegt al. 2006). It has been estimated that more th
billion people in developing countries worlcde are at risk of chronic exposure to aflatoximedlgh contaminate
foods (Strosnideet al. 2006).

Although Irvingia seeds are of great importance in Nigeria, espgdialthe Sout-south region where the tree
found to be abundant, the potential fungal hazardsng consumers drvingia kernels in Baylesa State has
been studied. Furthermore, although Agbor iassociate2005) had shown thdtrvingia seeds possess high
antioxidant capacity, no work (to the best of onowledge) has been done to assess the presengeciffcsgroups
of phytochemicals thought to confer antioxidantamy on Irvingia kernels.Hence in this research, the fun
quality and phytochemicals dfvingia gabonensis (Aubry-Lecomte Ex O’Rorke) kernels sold in Yenagoa, Bay
State capital of Nigeria was studied. Findingshi$ study would afford us the prerequisite knowkedig assss the
potential benefits and dangers of consunlrvingia kernels.

2. Materials and methods
2.1 Assessing fungal population and qualitylrvingia kernels

About 100g ofirvingia kernels were separately bought from three retailerSwali market (Fig.l), Yenagoa
metropolis located dtatitude 4°55'29"N and Longitude 6°15'51"E Bayelsa State, and thoroughly mixed to fc

a composite sample. Thereafter, the kernels wernengr with a domestic electric blender and 10g wespanded il

saline water torive at a final volume of 100ml. Thereafter, 1nfillrvingia kernels suspension was serially dilu

and plated in 3 replicates onto potato dextrose @Q=oid Ltd, Hampshire, UK) previously preparecaaling to

manufacturer’s prescription, and inteied with 50pg mt each of streptomycin and tetracycline accordingtebu

et al. (2003). The plates were thereafter incubated atiemhlboom temperature for 3 days. At the end ofa$s

colony forming units were counted and the funggbyation was exjessed as colony forming units per gran

Irvingia kernel. Colonieswvere thereafter repeate subcultured after every three days onto newly pegpagal

plates until pure cultures were obtained. Fung#&ries were thereaftdransferred onto Sabouradextrose agar
(Oxoid Ltd, Hampshire, UKjand incubated in a sporulating chamber under bligitit for 3 days (adapted fro

Etebu et al.2005), and identified based on macroscopic andaséapic examination according to Alexopol

(1962) and Barnett anidunter (1972). The experiment was separately regeaith Irvingia kernels bought from
Opolo and Edepie markets respectively. Fungal @tjoun data was log transformed according to Gomek

Gomez (1985), and subjected to ANOVA using, GelegdlLinearModel of SPSS version 16.0, Statistical softw
Mean log colony forming units were further subjectt® Tukey’'s mean separation test, anc-transformed
(weighted) prior to discussion.

2.2 Qualitative analysis of phytochemic

The groundirvingia kernels from the different markets were separagehgened in different ways (depending
phytochemical) to determine the presence of varfugochemicals (Alkaloids, flavonoids, saponirertins anc
glucosides) according to Harborne (1973), Tread Evans (1989) and Ukofghal., (2011)

Test for alkaloids: Two grams of groulrvingia kernels was boiled in 5ml of 2% Hydrochloric aditQ]) on a stear
bath for 5mins. The mixture was allowed to cool &ltered. To 2ml of filtrate was added 1ml olayer’s reagent. The
formation of a creamy white precipitate indicated presence of alkaloit

Test for flavonoids: 10ml of ethyl acetate was abitte5g of groundrvingia kernels in a test tube, and brough
boiling for 1 minute in a water bath. Timixture was filtered and to 4ml of the filtrate wslsaken with 1ml of 19
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Aluminium Chloride (AICE). This was allowed to stand for 15 minutes forocoldevelopment. The formation o
yellow colour in the presence of 1ml of ammoniauioh indicated th presence of flavonoic

Test for saponingml of distilled water was added to 1g of groulrvingia kernels in a test tube, and boiled in a w.
bath for 5 minutes. The mixture was filtered whelh Isot, and to 1ml of the filtrate, 2 drops ofiv@ oil was added.
The tube was thereafter corked and shaken vigordaslabout 60 secs. The formation of emulsion ¢atiéd the
presence of saponins.

Test for tannins: 5ml of 45% ethanol was addedjtofgyrouncirvingia kernels in a test tube, and boilor 5 minutes.
The mixture was cooled and filtered. To 1ml of fiate, 5 drops of lead s-acetate solution was added. 1
formation of a gelatinous precipitate indicates ginesence of tannins. 1ml of filtrate was collectedi 0.5ml o
Bromine watewas added, and the formation of a pale brown pitatgindicated the presence of tanni

Test for glycosides30ml of distilled water was added to 2g of groilrvingia kernels in a test tube, and heated fi
minutes in a water bath. The resultanxture was thereatfter filtered. To 5ml of the fitea0.2ml of Fehling’s solutio
A and B was added and heated for 2 minutes in anztth. The mixture was observation for a t-brown/red
colouration which would indicate the presence gtgtides

3. Results and discussion

Irvingia kernels were observed to be stored in open plastitainers as they were being displayed for sathe
selected markets (Fig. 2). The way and manner ¢neeks were displayed for sale exposes them ta@mmienta
influences that would facilitate fungal contaminatioBsntamination of food stuff has been reportedrise from
insect’s infestation, wound and presence of foremgtter such as sand, dust and debris among djerbi, 1983).
Prior to transportatiorotthe market for sales, locals who engage in thsgnkss ollrvingia sales generally split the
fruit to extract the kerneld_adipo et al., 1996; Ayuket al. 1999; Etebu, 2012aand dries the same under the
until it is sufficiently dry (Ladipo.1999). Damages on seeds caused by either insettg way of handling hav
been shown to provide entry points for fungal itifat (Dennis 2002). A close look at the kernels on disf§k&ig. 2)
also revealed that some of theingia kernels were damagedlt is therefore very likely that notwithstandinget
drying of the kernels as a means of processing toeiorestall postharvest spoilage, wounds infticta the kernel
during extraction could have sufficiently aided dahinfection

Results obtairg: from this work further showed that fungal popigatthat colonized the kernels on display for ¢
varied significantly P< 0.05) among the selected markets within the Yenagoaaopelis of Bayelsa State, Niger
Mean Fungal population per gram Irvingia kernels obtained from Swali, Opolo and Edepie wkrk7E+05
2.40E+05 and 6.92E+05 respectively (Table 1). Marctleductions could be made to possibly explarsitnificant
(P<0.05) differences in fungal population observed fromnieds sold inhe different markets. However, it would
worthwhile to note that Swali market is the majaarket in Bayelsa State and Yenagoa in particularaAesult, th
sales of commodities are likely to have higher-over in this market than the rest. Additally, locals who harvest
the kernels would sell them in wholesale in Swadirket and retailers would in turn buy from dealerthis marke
and sell them in other smaller markets within disie the state. The kernels sold in Opolo and Ed®prkets vould
therefore have been stored for longer periods hHerest. Several studies carried out quite regémtve shown the
fungal population otrvingia fruits increased significantly as days of storafjerdarvest increased (Etebu, 201

Five genera of fungiRhizopus, Mucor, Aspergillus, Penicillium andCandida) were isolated across all three selet
markets under study (Table BhizopusandMucor species were observed to be common to all marketsthey wert
the only group of fungihatwere solated from Swali market. Whilst, the kernels sal®polo were, in addition t
Rhizopus andMucor species also colonized IPenicillium andCandida species, those sold in Edepie were colon
by Rhizopus, Mucor andAspergillus species (Table 1)

Specis of all five genera of fungi isolated in this wdrkve been associated with various plant and secgtidod
rot. Although they are usually not primary plant pathugdhey are often encountered as storage fungi on
products (Kozakiewicz 1989; Perreet al., 2007; llondu, 2011; Kobina and Ebenezer, 2012; &t@012a). The'
infect plants and plant produce at different stageksiding pr-harvest, harvest, processing and handl
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The isolation ofAspergillus andPenicillium species isolated frommvingia kernels sold in Opolo and Edepie mark

calls for concern because members of these twoafuggnera amongst others have been shown to pri

mycotoxins (Adams, 1977Although, no illness has been attributed to thesamption oflrvingia among those
who consume the fruit/kernels in Bayelsa Statergméere else, to the best of my knowledge, it ipenative tc

study the conditions under which toxigenic fungulcbproduce mycotoxins while colonizirlrvingia kernels in

storage. This call is pecularly necessary because aflatoxins have betaected inlrvingia kernels displayed for
sale in some parts of NigeriAdebay-Tayoet al., 2006). Additionally, aflatoxins have been foundwheat stabl

(Frazier and Westhoff, 1988).

Consumers of fungal contaminatirvingia kernels are therefore at risk of mycotoxigenic poiag even if sucl
kernels are cooked. It would be imperative for gaweental Agencies, such as National Agency for fand Drug
Control (NAFDAC) in Nigeria, sedled with the responsibility of ensuring food sgféd regularly monitor an
assess the potential risk factorslofingia kernels sold in our markets. It would suffice astjuncture to reiterat
that the association of toxigenic fungi with agtiaeal products in storage such as grains may not nadbssesult
to formation of mycotoxins. Predisposing factorattimfluence the production of mycotoxins by toxigefungi in
contaminated foodire said to includeostharvest conditions such as storagansportation, food processing &
environmental conditions (Jestoi, 2008; Wu and Kplaiset 2010). It would be advisable to study tbaditions
that influence the production of mycotoxins by fuogntaminatinglrvingia kernels in storage. A very rent, yet to
publish, work by Etebu and Bawo (In press) showed Irvingia kernels that were treated with NaCl or -dried
and then stored in sealed polythene bags produceldtavely reduced amount Aspergillus flavus, Penicillium and
Fusarium specis, known to produce mycotoxins than those treatffdrently of treated same way but storec
unsealed polythene bags. Although, mycotoxins wereassessed in this work, it does appear thaivine and
mannerrvingia kernels are displayed (Fig. 2) n encourage growth of toxigenic fungi.

Phytochemical analyses showed tirvingia kernels sold in all markets under study possessatls, flavonoids
saponins and tannins (Table 2). These groups dbphgmicals have been shown to play very signit roles in
human medicine and treatment of ailments (A-Mensah, 1992; Banso and Adeyemo, 2007; Duget al., 1990;
Raskin et al., 2002; Rates, 2001 Fruits and vegetables are known to possessatgibytochemicals (Quideeet
al., 2011), and people who regularly consume them ase likely to suffer from diseases such as car
cardiovascular disease, cataracts, and brain andiima dysfunction (Ameet al., 1993; Liu, 2003; Vinsoret al.,
1998). Agbor and associatg05) whileworking with various herbs and spices showed Irvingia seeds had high
antioxidant capacity. Findings from this presentrivbave shown the presence of different phytochalmiin
postharvestrvingia kernels which would have contributed to the higtioxidant capacity observed by Agbor &
associates (2005), and would have been resporfsiblihe reduction in body weight among obese pedapla
Cameroon (Ngondit al., 2005). Further studies are required to substarttigse assumptiol

Alkaloids and saponins have been shown to possess antimitkdpabilities (Ashihara et al., 2008; N-Trk,
2006). Etebu (2012b), working on fungal qualityIrvingia fruits mesocarp reiterated that the relatively kit
amount of phytochemicals ih wombolu (bitter variety) potentially reduced the fungal population colonigiits
fruits compared td. gabonensis (sweet variety). Although saponins are known tayplery important roles i
human and animal nutrition, some of them have lvepnrted tcimpair thedigestion of protein and the uptake
vitamins and minerals in the gut, to cause hypagyeia (Franciet al., 2002). Saponins therefore could afi
animals in a host of different ways both positived anegative. There is the need to further stu@ fate and
persistence of phytochemicalslivingia kernels whilst in storage.

Tannins are one of the major phytochemicals foundnany higher plants. Like saponins, they affeétmais in
ways that could be described as both positive aghtive. For example, they are thought to greatipact or
animal nutrition, including inhiltion of growth rate digestive enzymes (Bennick, 20Because they are able
precipitate proteins through the effective formataf strong complexes with proteins. On the posigide, tannin
have been associated with various pharr-therapeutic effects. In particular, tanniish remedies are used as
antioxidants (Koleckaet al., 2008), antihelmintics (Ketziet al., 2006), antimicrobials and antivirals (Buzzet al.,
2008), in cancer chemotherapy (Chiet al., 1998) and to chelate dietary iron (Claasal., 2007).
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Flavonoids also occur in most plants, and theytlaeepharmacologically active constituents in maeybll plan

medicines (Parsaeimehr et al., 20IFlavonoids have been shown to protect the gasestin@l (Gl) tract, havin

anispasmodic, antidiarrhoeal, antibacterial, antisery and antiulcer properties, as well as strongiogidant

capacities (Di Carlo et al., 1993; La Casa et28Q0; Sunairi et al., 1994; Isomoto et al., 200E;e-Evans et al.,
1997). Etebu (2012a) wking on the phytochemicals inherent Irvingia fruits mesocarp reiterated that th

potential health enhancing properties of flavonoidsild be contributing immensely to the health afdls in the

villages across the Niger Delta region of Nigeribovregularly eat freshrvingia fruits as snackAlthough locals
who harvest the fruits sometimes eat the freshsfr(Okafor, 1975; Leakey, 1999; Fajilet al., 2007), several
workers noted that the common practice among ttjerityaof locals is to splithe fruit for its kernel (nut) while th

fleshy mesocarp is thrown away and left to rot (pacet al., 1996; Ayuket al. 1999; Etebu, 2012a). In contrahe

department of Forest Resource Management in Ibé#86) estimated that annual consumption vingia kernels
in southern regions of Nigeria ranged from 3.2 4018 kg per household. Similarly, Oyakhilome (198S)imatec

that Irvingia seeds are used in one third of alipspreparations in Nigeria’s southern region. Hetihe perceive

health benefits arising frofmvingia consumption among locals within the southern regioNigeria are more likel

to be derived from the kernels than the fruit g

4. Conclusion

Findings from this study revealed ttlrvingia kernels displayed for sale in Yenagoa metropoliBafelsa State

Nigeria possess secondary metabolites with potdmizith and nutritional benefits. Howevthey were also found
to be susceptible to postharvest spoilage fungieanhistorage. Some the fungi found to colonize the kernels hi

been implicated in the production of potentiallytgrd toxins under suitable conditions. It wouldilmperative for

government agencies to regularly monitor and asespotential risk of consuminlirvingia kernels whilst the
conditions under which postharvest fungi would prelmycotoxins illrvingia kernels during storage are stud
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Fig. 1. Map showing sample sites
Left: Map of Bayelsa State, Nigeria, showing the ffierent Local Government Areas (LGA)
Right: Map of Yenagoa LGA showing the sample siteSwali, Opolo and Edepie)

(Source: National Population Commission Yenagoa, 98)

Fig. 2: Irvingia nuts displayed for sale in a tygienarket in Yenagoa metropolis of Bayelsa St
Nigeria
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Table 1: Compar ative fungal population and quality, of Jrvingia kemels obtained from
different markets in Yenagoa metropolis of Bayelsa State, Nigeria

Fungal population
Mean Log Weighted
Mlarket CFuU CFU Fungal species isolated
Swali 5072 1.17E+05 Rhizopus sp and Mucor sp.
Opolo 5.38e 2 AE+D5 Rhizopus sp, Mucor sp., penicillium sp and Candida sp
Edepive 5.84¢ 6. 92E+05 Rhizopus sp, Mucor sp and Aspergillus sp.

Table 2: Relative amounts of different phyvtochemicals extracted from J[rvingia nuts
bought from different markets in Yenagoa metropolis, Bayelsa State, Migeria

Felative mounts of Phytochemicals
Mlarket Allraloid Flavonoid Saponnin Tannin Glycosides
Swali + +H+ ++ ++ -

Opolo + +H+ + + -
Edepive + ++ + + -

- Phytochemical not detected

+ Low intensity of precipitate/colour indicating presence of phytochemical

++ Moderate intensity of precipitate/colour indicating presence of phytochemical
+++ High intensity to of precipitate’colour indicating presence of phytochemical
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