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Aflatoxin Compositions of ‘Abacha’ a 
Staple Food from Nigeria

Abstract
This	 study	 was	 aimed	 to	 study	 the	 food	 value,	 associated	 spoilage	 fungi	
(Biodeterioration)	and	possible	aflatoxin	contents	of	‘Abacha’	a	cheap	popular	food	
locally	prepared	as	shredded	cassava	in	Nigeria.	Fresh	and	stored	samples	(25)	were	
collected	 from	different	markets	and	analysed	 for	nutrient,	 fungal	components	
and	aflatoxin	concentrations;	these	was	compared	laboratory	prepared	samples	
(control).	The	samples	contained	mainly	carbohydrate	(96.95-97.95%),	moisture	
(10.6-12.21%),	 crude	 protein	 (1.57-1.63%),	 fat	 (0.44-0.49%)	 and	 fibre	 (0.48-
0.51%).	 Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, Aspergillus 
tamarii, Aspergillus ochraceus, Fusarium oxysporium, Penicillum chrysogenum, 
Penicillum oxalicum, Trichoderma sp. and Rhizopus stolonifer	were	isolated	from	
the	 samples,	 these	 are	 commonly	 reported	 in	 many	 food	 deterioration	 and	
aflatoxin	production.	Aflatoxin	contents	were	higher	in	market	samples	than	the	
control,	and	increased	with	storage	time.	Aflatoxin	G2 had	highest	concentration	
(0.0263-0.0388	µg/kg)	 followed	by	aflatoxin	G1	 (0.0150-0.0213	µg/kg),	aflatoxin	
B2	(0.0048-0.0071	µg/kg)	while	aflatoxin	B1 had	the	least	concentration	(0.0030-
0.0056	 µg/kg).	 This	 study	 showed	 that	 fungal	 contamination	 and	 storage	 time	
have	effect	on	the	nutrient	content	and	aflatoxin	components	of	 ‘Abacha’.	The	
detected	aflatoxin	contents	of	abacha	were	found	below	the	tolerance	limit	but	
increase	with	storage	time.	It	is	therefore	necessary	to	avoid	fungal	contamination	
of	this	food	before	and	during	storage	period	to	avoid	being	contaminated	with	
aflatoxins	and	ensuring	its	nutritive	quality.
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Introduction
Abacha is a staple	food	which	is	processed	from	cassava	(Manihot 
esculenta Crantz) as snack in Aba metropolis at Eastern part of 
Nigeria.	This	food	is	becoming	a	daily	intake	for	people	and	it	has	
a	bed	rock	as	a	cheap	and	affordable	energy	source.	It	is	prepared	
as	dry	or	wet	product	through	the	shredding	or	slicing	of	boiled	
or	soaking	of	cassava	tubers	for	8-24	h	followed	by	washing	or	
drying	as	may	be	desired.	However,	 its	production	 still	 follows	
conventional	 procedure	 of	 cassava	 shredding	 and	 not	 on	
modern	procedure	which	varies	and	numerous	across	different	
communities	(Ekwu	et	al.	[1].	

It plays a large part of household sustenance in eastern Nigeria 

to combat	 hunger,	 it	 represents	 5%	 food	 expenditure	 (Ekwu	
et	al.	2013)	and	20.5%	Calories	diet	daily	 intake	 for	 the	 local	
populace	 [2].	Reported	 that	 the	nutrient	 composition	of	 the	
‘abacha’	 includes	 moisture	 content	 range	 of	 9.53-10.48%,	
1.07-1.66%	 protein,	 2.06-2.56%	 ash,	 1.72-1.95	 fibre,	 0.39-
0.58%	 fat	and	83.59-85.05%	carbohydrate	on	 the	dried	weight	
basis;	while	the	wet	Abacha	has	a	pH	of	5.60–5.80,	0.047-0.063	
total	titratable	acidity	(TTA),	and	7.80-10.41	mg/100	g	hydrogen	
cyanide	(HCN).	Despite	the	nutritional	values	of	Abacha,	it	is	still	
susceptible	 to	 microbial	 contamination	 during	 production	 and	
storage	 which	 can	 lead	 to	 ‘bio-deterioration’	 i.e.	 spoilage	 and	
secretion	of	some	toxic	substances	such	as	aflatoxins	which	are	
of	public	health	importance.	Many	of	the	potential	contaminating	
microbes include fungi. 
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Materials and Methods
Collection of samples
Abacha	 samples	 (100	 g	 each)	 were	 purchased	 from	 different	
markets	 in	 different	 location	 at	 Aba	 metropolis,	 Abia	 State	 in	
Nigeria	 (Nkwo-ngwa	 5.10160N,	 7.36816E;	 Cemetry	 market	
5.09966N,	 7.46447E;	 Aba	 market	 5.09889N,	 7.36447E;	 Ariaria	
5.11806N,	7.33250W	and	New	market	5.10003N,	7.37008W)	in	
three	replicates	per	market,	which	makes	sample	size	of	5	×	2	×	
3.	The	samples	were	of	two	types;	the	freshly	prepared	samples	
(1-2	days	old)	and	the	stored	samples	(4	month	old).	They	were	
separately packaged in sterile polythene bag before taken them 
to the mycology and pathology laboratory of the department of 
Botany, University of Ibadan immediately for further experiment.

Characterization of dio-deteriorating fungi
This	was	done	on	both	collected	fresh	and	stored	abacha	samples	
using	the	method	described	by	Jonathan	and	Olowalafe	[7],	fungi	
that	 are	 associated	with	 the	 food	 samples	were	 isolated	using	
the	medium	called	Potato	Dextrose	Agar	(PDA).	It	was	prepared	
according	to	the	manufacturer’s	specification,	with	the	addition	
of	 0.5	 g	 streptomycin	 sulphate	 (39	 g/L)	 to	 suppress	 bacterial	
growth.	 The	 culture	medium	was	 then	 aseptically	 poured	 into	
sterile	petri	dishes	and	allowed	to	solidify.	The	fungi	were	isolated	
from	the	abacha	samples	through	sterile	serial	dilution	method	
(10-3	dilution	factor).	One	ml	of	each	of	the	diluted	abacha	sample	
was	then	aseptically	 inoculated	into	the	petri	dishes	containing	
the	PDA.	The	plates	were	covered	and	incubated	for	3	to	6	days	
at	27	±	2°C.	The	fungal	cultures	obtained	were	subsequently	sub-
cultured in order to get pure cultures.

Identification of isolated fungi and percentage 
incidence 
The	 pure	 fungal	 cultures	 obtained	 from	both	 fresh	 and	 stored	
samples	were	identified	based	on	their	macroscopic	appearance	
on the culture medium, microscopic morphology and type of 
asexual	 spores	 produced	 with	 the	 aid	 of	 photomicrograph	 as	
described	by	Kulwant	et	al.	[8],	the	microscopic	study	was	done	
through	 the	 use	 of	 Olympus	 BX60	 microscope	 fortified	 with	
ultraviolet	 (UV)	 light	filter	band	pass	opening	of	above	420	nm	
wavelength	and	it	is	installed	with	a	sigma	scan	for	photographs	
measurements.

Aflatoxin detection and quantification in 
‘Abacha’ samples 
The	 Aflatoxin	 analysis	 was	 carried	 out	 on	 the	 fresh	 and	 dried	
samples	 using	 the	 method	 of	 Thomas	 et	 al.	 [9]	 and	 Garrido	
Frenich	 et	 al.	 [10]	 using	 Thin	 Layer	 Chromatography	 (TLC),	
Aflatoxin	 B1, B2, G1 and G2	 were	 quantified.	 5	 grams	 of	 dried	
Abacha	were	ground	respectively	into	powder,	sample	digestion	
was	done	using	saturated	sodium	chloride	and	50	ml	hexane	and	
re-reaction	cupric	carbonate	and	extract	stored	in	chloroform.

The	 stored	 chloroform	 extract	 was	 re-dissolved	 in	 1ml	 of	
chloroform	and	poured	into	a	cuvette	of	the	spectrophotometer	
and	 aflatoxin	 activity	 was	 read	 at	 250	 nm	 wavelength.	 The	

Many groups of fungi	mostly	filamentous	(Deuteromycota)	fungi	
such as Penicillium, Aspergillus, Fusarium, Rhizopus, Trichoderma 
and Mucor have been successfully isolated from cassava food 
products	they	are	regarded	as	‘bio-deteriorating	fungi’	that	can	
cause	reductions	in	food	value	or	nutrients.	Stored	food	materials	
usually	 becomes	 dried	 with	 gradual	 reduction	 in	 the	 water	
contents	stressing	the	fungi	mycelium	and	triggers	production	of	
some	fungal	toxin	called	mycotoxins	such	as	aflatoxins.	Aflatoxins	
are the most deadly mycotoxins, they are produced by Aspergillus 
species	and	are	known	to	be	one	of	the	most	deadly	carcinogens	
due	to	detrimental	effects	they	can	exert	on	their	consumers,	and	
this	is	also	confirmed	by	the	International	Agency	for	Research	on	
Cancer	[3].	Who	classified	them	as	Group	1	carcinogens.	There	
are	 five	 different	 types	 of	 aflatoxins	 that	 exist	 in	 nature;	 they	
are	aflatoxin	B1	(AFB1),	aflatoxin	B2	(AFB2),	aflatoxin	G1	(AFG1),	
aflatoxin	G2	(AFG2),	and	aflatoxin	M1	(AFM1),	respectively.	

Many	 traditional	 ways	 used	 for	 food	 preparation	 and	 storage	
such	as	heating	and	roasting	can	reduce	the	aflatoxin	contents	
in	 foods	 [4].	 Ranging	 values	 in	 nutritional	 contents	 of	 sausage	
were	observed	by	[5]	due	to	different	methods	adopted	for	 its	
preparation,	another	 report	was	 that	of	Lopez-Garcia	and	Park	
(1998),	Park	(2002)	and	Fandohan	et	al.	[6]	who	determined	the	
fates	of	aflatoxin	and	fumonisin	during	different	traditional	way	
of	preparing	maize	and	maize	foods.	Aspergillus	species	can	grow	
at	temperature	range	of	10-50°C	while	others	such	as	Fusarium 
tricinctum	 have	 optimum	 growth	 temperature	 of	 25°C	 but	
produces	T-2	toxin	best	near	freezing	temperatures.	Penicillium 
martensii	usually	produces	penicillic	acid	rapidly	at	20-30°C,	but	
considerably more toxin eventually accumulates around 4 to 
10°C.	Most	mycotoxin	 contamination	finds	 their	way	 into	 crop	
during the storage stage. Hence, proper care must be taken into 
consideration	when	storing	 food	products	 that	are	wholesome	
and	 apparently	 healthy.	 Pre-storage	 treatment	 or	 handling	
should take care of certain basic issues. Mycotoxin levels in foods 
should	 be	 monitored	 using	 appropriate	 sampling	 and	 testing	
programs.

However,	the	fungi	compositions	and	effect	of	storage	methods	
on	 nutritional	 and	 aflatoxin	 contents	 in	 Abacha	 to	 the	 best	 of	
our	 knowledge	 have	 not	 been	 studied,	 and	 these	 units	 are	 of	
great	 significance	 due	 to	 unhygienic	 handling.	 However,	 there	
have been some recent studies on the mycotoxins present in 
food products from Nigeria, especially maize, rice, groundnuts, 
guinea	corn,	sorghum,	cocoa,	and	cocoa-based	beverages.	These	
study	therefore	was	aimed	at	studying	the	food/nutrient	values	
of	Abacha	 in	 relation	 to	 the	effects	of	 storage	time	and	 fungal	
biodeterioration	of	this	Abacha	samples	from	different	markets	
and	as	well	studied	the	aflatoxin	contents	for	better	understanding	
on handling and suspected fungal strains commonly associated 
with	 this	 food	 product	 as	 well	 as	 the	 safety	 measures	 to	 be	
considered	 during	 the	 storage.	 It	was	 hypothesized	 that	 some	
fungal	 are	 associated	 with	 Abacha	 samples,	 it	 is	 possible	 that	
these	fungi	may	or	may	not	be	able	to	produce	aflatoxins,	 this	
may	or	not	affect	the	nutrient	composition	and	also,	the	storage	
time	may	have	effect	on	the	associated	fungal	strains.	
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intensity	of	 the	fluorescence	produced	 in	 spots	of	 the	samples	
was	 compared	 with	 that	 of	 the	 standard	 aflatoxin	 spots.	 The	
volume	 of	 the	matching	 spots	 of	 the	 sample	 with	 that	 of	 the	
standard	was	recorded.	The	concentration	of	the	aflatoxin	in	the	
sample	was	calculated	by	the	formula

 0.0075  
 

%
 

A
B C

N =
×

×
                            (1)

Where 

	S=	Volume	of	each	aflatoxin	standard,	in	µl	of	equivalent	intensity	
to	Z	µl	of	sample.

Y=	Concentration	of	each	of	the	aflatoxin	standard	in	µg/ml.

V=	Volume	of	solvent	in	µl	required	to	dilute	final	extract.

Z=	Volume	of	sample	extract	in	µl	required	to	give	fluorescence	
intensity	comparable	to	that	of	S	of	each	aflatoxin	standard.	

W=Weight	of	original	sample,	in	gram	contained	in	final	sample.

The	 fresh	and	 stored	 samples	were	analysed	 for	 their	nutrient	
composition	using	 the	method	described	by	 the	Association	of	
Official	Analytical	Chemist	(A.O.A.C	2008).	All	the	analysis	were	
carried out in three replicates. 

The	 crude	 protein	 composition	 of	 the	 sample	was	 determined	
using	 the	 colorimetric	 technique,	 Samples	were	digested	using	
selenium catalyx and concentrated H2S04,	minerals	were	stabilized	
using	potassium	tartrate	and	sodium	citrate	solutions,	Polyvinyl	
Alchohol	 and	Nesseler	Reagent	was	added	 to	 the	 solution	and	
colour	development	was	read	on	the	spectrophotometer	at	460	
nm	wavelength.

The	protein	content	can	be	calculated	by	formula

0.0075  
 

%
 

A
B C

N =
×

×
                               (2)

Where A=Absorbance from the Spectrophotometer.

B=Weight of the sample.

C=ml of Digest Analysed (i.e. 1 ml).

Percent	 crude	 fat	 was	 determined	 through	 fat	 free	 extraction	
thimble	and	pug	lightly	with	cotton	wool,	the	soxhlet	extraction	
method.	The	 initial	and	final	weight	of	 the	dry	soxhlet	extracts	
were	compared	to	quantify	%	crude	fat	as	follows:

%	Fat	=	W1	–	W0	×	100		 	 	 	 																			(3)

Where W1=final	weight	of	flask	+	fat.

W0=Initial	weight	of	the	soxhlet	flask.

Percent	dry	matter	and	moisture	content	of	the	fresh	and	stored	
samples	were	also	determined	using	the	formular	below,	

3 0

1 0

–  % 
–  

100W WMoisture
W W

= ×                                          (4)

Where W0=weight	of	empty	crucible

 W1=weight	of	crucible	+	sample

 W3=weight	of	crucible	+	oven	dried	sample.

   %  
  

%
 

100Weight of AshAsh Content
Original weight of Sample

= ×                                               (5)

Percent	crude	fibre	content	of	the	samples	were	determined	with	
the	use	of	 fibre	flask	 containing	 100	ml	 of	 0.255N	H2S04,	 after	
heating	for	1	hr	with	each	sample,	0.313N	NaOH	was	added	and	
heated	under	reflux	for	another	1	hour,	acetone	was	then	added	
to	 dissolve	 any	 organic	 constituent.	 The	 extracts	 were	 heated	
and	weighed	initial	and	final	mass and	the	percentage	fibre	was	
obtained by the formula:

 2 1 –              100%% 
  

W WFibre
weight of Sample

= ×      (                                            6) 

While	percent	carbohydrate	content	was	also	measured	as;

%	Carbohydrate=100	–	(%	moisture	+	%	crude	protein	+	%	crude	
fat	+	%	ash).	 	(7)	[8].

Statistical data analysis 
The	data	generated	from	these	investigations	were	subjected	to	
analysis	of	variance	(ANOVA)	at	probability	levels	of	P˂0.05	using	
SPSS	 version	20.	 The	 test	of	 significance	was	 carried	out	using	
Duncanʼs	multiple	range	test	(DMRT).	

Results
Occurrence of bio deteriorating fungi in ‘Abacha’ 
sample from different locations in Aba Nigeria
A	 total	 of	 ten	 (10)	 different	 fungal	 species	were	 isolated	 from	
the	stored	abacha	and	they	were	identified	as	Aspergillus flavus, 
A. fumigatus, A. niger, A. ochraceus, A. tamarii, Fusarium sp, 
Penicillum chrysogenum, Penicillum sp, P. oxalicum, Rhizopus 
stolonifer as	 shown	 in	 Figure 1.	 All	 these	 fungi	 are	 known	 to	
cause	 food	 spoilage	 ‘biodeterioration’	 however,	 A. flavus, A. 
niger, and Rhizopus stolonifer were	 the	most	 isolated	 from	 all	
the	 samples	 across	 different	 locations,	 followed	 by	 Fusarium 
sp. and P. chrysogenum	while	A. fumigatus, A ochracheus and 
Trichoderma sp. had the least occurrence (Table 1). 

Furthermore,	the	fungi	incidence	in	each	location	differs	as	the	
Nkwo-ngwa	market	 had	 the	most	 fungi	 incidence	 followed	 by	
Cementary	and	Ariaria	markets	while	Newmarket	had	the	least	
(Table 1). 

Nutrient compositions of ‘Abacha’
Effect of locations: The	nutrient	analysis	of	the	samples	collected	
from	different	location	showed	variable	concentrations	as	shown	
in Table 2	below.	The	crude	protein	 in	the	sample	from	Nkwo-
ngwa	market	and	Ariaria	market	are	not	significantly	different	(p	
≤	0.05)	from	one	another	while	there	is	a	significant	difference	
between	 the	 percentage	 crude	 protein	 in	 the	 samples	 from	
Newmarket	and	cemetery	market.	

The	 fat	 content	 in	 the	 samples	 from	 the	different	markets	 are	
significantly	 different	 (p	 ≤	 0.05)	 from	 each	 other.	 The	 abacha	
samples	 from	 Ariaria	 markets	 had	 the	 highest	 crude	 fibre	
content	 while	 samples	 from	 cemetery	 market	 had	 the	 least.	
The	ash	content	of	the	samples	from	Nkwo	ngwa,	Cemetery	and	
Newmarkets	are	 significantly	different	 (p	≤	0.05)	 from	 the	one	
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from	Ariaria	market.	 The highest value for moisture content is 
found	 in	 sample	 from	 Newmarket	 (12.11%)	 while	 the	 lowest	
value for moisture content is found in the sample from cemetery 
market	(11.16%).	There	is	no	significant	difference	in	the	value	of	
carbohydrate	content	across	the	different	markets.

Effect of storage period: The	result	presented	in	Table 3 shows	

the	 effect	 of	 storage	 period	 on	 the	 nutrient	 composition	 of	
laboratory	prepared	abacha	sample	control.	The	crude	protein,	
fat,	crude	fibre	and	ash	contents	decreased	at	the	fourth	month	
of	 storage	while	 the	moisture	 content	 increased	 at	 the	 fourth	
month.	The	value	of	the	carbohydrate	content	increased	at	the	
fourth	month	but	it	was	not	significantly	different	(p	≤	0.05)	from	
that of the one month old sample.

Figure 1 Isolated	bio-deteriorating	fungi	in	‘Abacha’	samples	collected	from	Aba,	Nigeria.

Fungal isolates Nkwo-ngwa market Cemetry markets  Ariaria market New market
Aspergillus flavus + + + +

A. fumigatus + - + -
A. niger + + + +
A. tamari - + - +
A.  ochraceus + - - -

Fusarium sp. + + + -
Penicillium chrysogenum + + + +
Penicillium oxalicum - + + -
Trichoderma sp. + - - -
Rhizopus stolonifer + + + +
+ Presence of fungi
-Absence	of	fungi

Table 1	Occurrence	of	fungi	in	different	location.

Source of variation % Crude Protein
% 

% Crude Fiber
% %

% Carbohydrate
Fat Ash Moisture Content

Control 1.57000c 0.4550c 0.5050ba 0.4000d 10.6000d 97.0700a

Nkwo ngwa market 1.6500a 0.5125a 0.4950bc 0.4200b 11.1650c 97.1600a

Cemetery market 1.6000b 0.4900b 0.4550d 0.4125cb 11.1600c 97.1925a

Ariaria market 1.6450a 0.4550c 0.5125a 0.4300a 12.0150b 96.9575a

Newmarket 1.5650c 0.4375d 0.4850c 0.4050cd 12.1125a 97.3275a

Each	value	is	a	mean	of	three	replicates.	Values	in	the	same	column	with	different	letter	as	superscripts	are	significantly	different	by	Duncan	multiple	
range	test;	Confidence	interval	measured	at	α0.05

Table 2	Effect	of	location	on	the	Nutrient	compositions	of			Abacha	samples.
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The	 mean	 effect	 of	 location,	 storage	 period and replicates 
on	 the	 nutrient	 composition	 of	 abacha	 samples	 is	 shown	 in	
supplementary Table S1.	 The	 results	 shows	 that	 the	 markets	
which	represent	different	 locations	has	a	high	significant	effect	
on	all	the	nutrient	compositions	except	for	carbohydrate	where	
it	is	non-significant.	The	storage	period	also	has	a	high	significant	
effect	 on	 all	 the	 nutrient	 composition	 except	 for	 crude	 fiber	
where	 it	 is	 just	 significant	 and	 carbohydrate	 where	 it	 is	 non	
significance	while	the	replicates	does	not	have	any	significance	
effect	on	the	all	the	nutrient	compositions.	

Aflatoxin analysis of Abacha samples
Effect of locations: The result in Table 4	 shows	 the	 effects	 of	
different	 location	 on	 the	 aflatoxin	 concentration	 of	 abacha	
samples.	The	samples	from	Cemetery	and	Nkwo	ngwa	markets	
have	the	highest	aflatoxin	B1 content	while	the	least	is	found	in	
the	sample	from	Newmarket.	The	highest	aflatoxin	B2	content	is	
found	in	cemetery	market	while	the	least	is	found	in	the	control	
sample.	Aflatoxin	G1	has	the	highest	value	in	the	samples	from	
Ariaria	market	while	aflatoxin	G2	has	its	highest	concentration	in	
the	samples	from	cemetery	market	and	Newmarket.

Effect of storage periods: The	 effect	 of	 storage	 period	 on	 the	
aflatoxin	 concentration	 of	 abacha	 samples	 is	 shown	 in	 Table 
5.	Aflatoxins	B1, B2, G1 and G2	concentration	in	the	1	month	old	
abacha	 is	 significantly	 different	 (p	 ≤	 0.05)	 from	 that	 of	 the	 4	
month	old	abacha	samples.	The	concentration	of	aflatoxin	B1, B2, 
G1 and G2 increased at the fourth month of storage.

The	 results	 in	 supplementary	 Table S2	 show	 the	 mean	 effect	
of	 location,	 storage	 period,	 and	 replicates	 on	 the	 aflatoxin	

concentration	in	Abacha	samples.	The	markets	which represents 
the	locations	has	a	high	significant	(p<0.05)	effect	on	the	aflatoxin	
B1	and	aflatoxin	B2 present	in	the	abacha	samples	while	it	is	non-
significant	 for	aflatoxin	G1	 and	aflatoxin	G2.	 The	 storage	period	
has	a	high	significant	(p<0.05)	effect	on	the	aflatoxin	B1,	aflatoxin	
B2 , aflatoxin	G1	and	aflatoxin	G2 content in the samples.

Discussion 
This	study	showed	the	presence	of	different	fungal	species	in	the	
stored	Abacha	samples.	The	fungi	are	similar	to	those	reported	by	
Abia	et	al.	[7]	and	Rubert	et	al.	[8]	from	shaved	cassava,	ogbono	
and	tiger-nut	 respectively.	The	presence	of	 these	 fungi	 species	
in these food products could be due to open air exposure during 
sun	drying,	storage	condition	or	direct	contacts	 in	the	different	
markets	as	reported	by	Okigbo	[7]	and	Abia	et	al.	[7].	Four	fungi	
genera	namely;	Aspergillus, Penicillium, Rhizopus, and Fusarium 
were	the	most	incident	fungi	with	Aspergillus and Penicillum been 
the	most	predominant	fungi	associated	with	the	biodeterioration	
of	abacha	samples	 supporting	 the	findings	of	Essono	et	al.	 [9].	
who	 reported	 Aspergillus and Pencillium spp. as the common 
storage	fungi.	Furthermore,	majority	of	the	isolated	fungi	belong	
to the genus Aspergillus,	thereby	supporting	the	work	of	Aguoru	
et	al.	[10].	That	reported	Aspergillus species	as	one	of	the	major	
contaminants	in	the	environment	and	produce;	therefore,	these	
could	 be	 partly	 responsible	 for	 the	 detected	 aflatoxins	 in	 the	
abacha samples. 

Furthermore, the fungi species isolated from this study increased 
at	the	fourth	month	of	storage,	and	this	is	in	agreement	with	the	
work	of	Fagbohun	et	al.	[11]	and	Lawal	et	al.	[12]	who	reported	

Source of Variation % Crude Protein % Fat % Crude Fiber %  Ash % Moisture Content % Carbohydrate
Control 1.5700c 0.4550b 0.5050a 0.4000c 10.6000c 97.0700a

1 month old 1.6288a 0.4863a 0.4913cb 0.4250a 11.0113b 97.1538a

4 months old 1.6013b 0.4613b 0.4825b 0.4088b 12.2150a 97.1650a

Each	value	is	a	mean	of	three	replicates.	Values	in	the	same	column	with	different	letter	as	superscripts	are	significantly	different	by	Duncan	multiple	
range	test;	Confidence	interval	measured	at	α0.05.

Table 3 Effect	of	storage	period	on	the	Nutrient	compositions	of	Abacha	samples.	

Source of Variation AFB1 (µgkg¯¹) AFB2 (µgkg¯¹) AFG1 (µgkg¯¹) AFG2 (µgkg¯¹) 

Control 0.0025c 0.0020d 0.0100c 0.0100b

Nkwo Ngwa market 0.0048a 0.0058cb 0.0150bc 0.0300a

Cemetery market 0.0048a 0.0068a 0.0175ba 0.0350a

Ariaria market 0.0038b 0.0060b 0.0225a 0.0300a

Newmarket 0.0040ab 0.0053c 0.0175ba 0.0350a

Each	value	is	a	mean	of	three	replicates.	Values	in	the	same	column	with	the	same	letter	as	superscripts	are	not	significantly	different	by	Duncan	
multiple	range	test;	Confidence	interval	measured	at	α0.05;	AFB1:	Aflatoxin	B1;	AFB2:	Aflatoxin	B2;	AFG1:	Aflatoxin	G1;	AFG2:	Aflatoxin	G2

Table 4	Effect	of	location	on	the	Aflatoxin	concentration	of	‘Abacha’	samples.

Source of Variation AFB1 (µgkg¯¹) AFB2 (µgkg¯¹) AFG1 (µgkg¯¹) AFG2 (µgkg¯¹)
Control 0.0025b 0.0020c 0.0100b 0.0100c

1 month old 0.0030b 0.0048b 0.0150b 0.0263b

4 months old 0.0056a 0.0071a 0.0213a 0.0388a

Each	value	is	a	mean	of	three	replicates.	Values	in	the	same	column	with	different	letter	as	superscripts	are	significantly	different	by	Duncan	multiple	
range	test;	Confidence	interval	measured	at	α0.05.

Table 5	Effect	of	storage	period	on	the	aflatoxin	concentrations	in	‘Abacha’	samples.
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progressive increase in species of fungi in stored sundried 
plantain chips	 and	 coco	 yam	chips	 respectively.	 The	difference	
in the occurrence of fungi species in these food products across 
different	 locations	 could	 as	well	 be	as	 a	 result	of	 the	different	
method of processing or storage peculiar to each of these 
locations.	 The	 results	 of	 the	 nutrient	 analysis	 is	 similar	 to	 the	
observations	of	Jonathan	et	al.	[13]	and	Ogunsina	et	al.	[14]	when	
they	worked	on	stored	gbodo	and	ogbono	respectively.	Abacha	
samples	 were	 significantly	 different	 (p<0.05)	 in	 their	 nutrient	
composition.

The	studied	samples	showed	high	in	moisture	(10.6%	to	12.21%)	
and	carbohydrate	(96.95%	to	97.95%)	contents	but	lower	protein	
(1.57%	to	1.63%),	fat	(0.44%	to	0.49%),	fibre	(0.48%	t0	0.51),	and	
ash	(0.40%	to	0.43%)	contents	but	there	which	decreased	with	
storage	 time	 probably	 due	 to	 microbial	 growth	 (including	 the	
fungi)in	the	abacha	coupled	with	microbial	degradation	[15-21].	
Interestingly,	an	increase	in	the	moisture	content	of	the	samples	
was	observed	as	the	storage	period	increased;	this	may	be	due	
to the moisture absorbed from the atmosphere during storage. 
The	 quantity	 of	 crude	 protein,	 fat	 and	 crude	 fibre	 in	 these	
samples	decreased	with	an	increase	in	the	storage	period,	similar	
observation	have	been	earlier	reported	by	kolapo	and	sanni	[22]	
and	kolapo	et	al.	[23]	for	soya-bean,	daddawa	and	some	selected	
oil	seeds	cakes	respectively.

Varying	levels	of	aflatoxin	concentrations	(AFB1, AFB2, AFG1 and 
AFG2)	 were	 detected	 in	 the	 studied	 food	 samples	 that	 varied	
according	 to	 location	 and	 storage	 period;	 the	 aflatoxins	 were	
probably	produced	by	the	aflatoxigenic	fungi	species	observed.	
The	 increasing	 concentration	 of	 the	 aflatoxins	 in	 the	 stored	
samples	with	the	storage	period	corroborated	the	observations	
made	 by	 Kaaya	 and	 Eboku	 [24],	 Adebayo-tayo	 et	 al.	 [25]	 and	
Saleemullah	 et	 al.	 [26]	 for	 cassava	 chips,	 ogbono	 and	 cereals/
nuts	respectively.	This	study	together	with	those	of	Rahimi	et	al.	
[27-32],	Jonathan	et	al.	[33]	and	Etebu	[34-37]	affirm	that	storage	

method	and	time	are	of	 immense	 importance	 in	the	control	of	
food	intoxication.t.	

Conclusion
The	 public	 health	 effect	 of	 aflatoxin	 concentration	 of	 ‘Abacha’	
or	 possible	 incidence	 or	 prevalence	 of	 any	 ‘mycotic’	 fungal	
infection(s)	 on	 the	 host	 community	 was	 not	 studied	 in	 this	
report,	it	is	however	observed	from	this	study	that	the	aflatoxin	
concentrations	 in	 the	 studied	 food	 product	 were	 within	 the	
permissive	 level	 of	 20	 µg/mg	 for	 adults	 as	 stipulated	 in	 most	
countries.	 However,	 increase	 in	 the	 storage	 period	 led	 to	 an	
increase	in	fungi	load	and	aflatoxin	concentration,	thus	resulting	
to	 a	 drop	 in	 the	 nutritional	 compositions	 of	 the	 studied	 food	
products,	further	storage	may	increase	the	concentration	above	
the	 permissive/tolerance	 level.	 Furthermore,	 the	 different	
locations	from	which	the	food	products	were	collected	showed	
a	significant	effect	on	the	fungi	load	and	aflatoxin	concentration	
which	might	be	as	a	result	of	different	use	of	storage	methods,	
it	is	therefore	necessary	to	prevent	fungal	growth	in	stored	food	
in	 other	 to	 prevent	 aflatoxin	 contamination	 and	 this	 could	 be	
achieved	 through	 the	 application	 of	 strict	 hygienic	 measures	
during processing and storage periods. 
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