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Abstract This study was carried out to assess the levels
of the metabolites of Aspergillus flavus; aflatoxin B1 (AFB1),
aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), and aflatoxin G2
(AFG2) in various food samples. Corn (24.00 pg/kg), millet
(4.13 pg/ke), and cassava (3.88 pg/kg) contained the highest
AFBI, while AFB2, AFG1, and AFG2 occurred highest in
corn and yam. After processing, cassava and yam recorded
the highest percentage of AFB1 and AFB2 reduction
respectively, while the decontamination of AFG1 was jointly
most effective after wheat and millet processing, and AFG2
reduced most after wheat, cassava, and millet processing.
The occurrence of AFBI in the legumes, followed the order;
beans > breadfruit > groundnut > melon > oil bean and for
AFB2 and AFG2 levels, breadfruit > melon > oil beans >
beans, while AFG1 occurred highest in breadfruit, groundnut
and oil beans. Ugba (6.26 pg/kg), Ogiri (10 pg/kg), and
beans flour (14.62 pg/kg) had the least total aflatoxin
contents of the legumes evaluated. Egusi, beans and oil bean
recorded over 80% AFB1 and AFGI reduction, while
processing of groundnut and breadfruit, and breadfruit and
melon produced the highest percentage of AFB2 and AFG2
respectively. The result for the vegetables showed least
contamination of AFB1 in nchuanwu and bitter leaf, while
the occurrence of AFB2, AFG1, and AFG2 in nchuanwu and
bitter leaf occurred below detection levels. Blanched
nchuanwu and bitter leaves had 100% AFBI1 reduction,
while the percentage reductions of AFB2 in oha and curry
leaves, AFGI in oha, and AFG2 in pumpkin leaves were
100%. This study has shown the presence of aflatoxins in the
foods beyond permissible limits, as well as the effectiveness
of milling, fermentation and blanching in reducing aflatoxins
from carbohydrate rich foods, proteins, and vegetables
respectively.

Keywords Legumes Aflatoxins, Vegetables Aflatoxin,
Aflatoxin Alterations by Fermentation, Aflatoxins Reduction
by Frying

1. Introduction

Aflatoxins can be described as toxins produced as
secondary metabolites by some Aspergillus species after the
invasion and colonization of agricultural products. The
contamination of food products by aflatoxins is a major issue
in areas where agricultural, climatic, and storage conditions
favor the growth of aflatoxins. In developing and under
developed countries, the rampant consumption of aflatoxins
mainly occurs as a result of poor inspection of agricultural
products by regulatory agencies. Kumar et al., (2008)
suggested that mycotoxins affects almost up to a quarter of
the world’s food crops which creates massive economic loss.
Guchi, (2015) reported that aflatoxins are regarded as one of
the most challenging mycotoxins because the fungi are
capable of producing the toxins both at the pre-harvest and
post-harvest stages. The most important members of the
aflatoxin group are aflatoxin B1 (AFBI1), aflatoxin B2
(AFB2), aflatoxin G1 (AFG1), and aflatoxin G2 (AFG2) that
structurally appear as coumarin derivatives containing a
fused dihydrofurofuran moiety. The occurrence of these
aflatoxins is seen in ratios, dependent on different matrices.
Abbeas et al., (2010) posited that when the four aflatoxins are
present in food materials, they may occur in the ratio of
1.0:0.1:0.3:0.3 for AFB1, AFB2, AFG1, and AFG2. Further,
some foods are regarded as more susceptible to aflatoxin
contamination than the others. Of note are cereals like corn,
oil seeds like cotton seeds, nuts such as Brazil nuts and
peanuts, and dried meat of coconut (Idris et al., 2010; Cornea
et al., 2011). However Rajarajan et al., (2013) found that
maize records the highest incidence of aflatoxin
contamination due to their intrinsic moisture content after
harvesting, suitable for the growth of the mould. Aflatoxin
contamination of food, especially beyond the 20ppb
permissible limits, in most cases leads to eventual rejection
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of the food when the levels of toxins occur beyond the
permissible limits (Williams et al., 2004). Consequently,
residents of aflatoxin-endemic countries subjected to high
aflatoxin exposure have shown increased incidence of liver
diseases especially cirrhosis (Egal ef al., 2005; Ezekiel et al.,
2014) neural tube defects (Umoh et al., 2011) and other
adverse effects on biological systems. Hence, as a result of
these harmful effects of aflatoxins, most investigations are
thus tailored towards the prevention of aflatoxin formation.
Preventive policies like good manufacturing and agricultural
practices especially during storage are regarded most
effective for the reduction of aflatoxin levels in foods.
Further, with the knowledge that prevention of aflatoxins
contamination is not feasible, various methods of
decontamination have received attention, targeted at
attenuating the uptake of aflatoxins from the food chain
(Jalili et al., 2010). These decontamination methods mainly
applied during food processing include cleaning, sorting,
drying, heating, milling, and application of yeast, bacteria,
and non-toxigenic Aspergillus strains (Jalili et al., 2010).
Cleaning (Jard et al., 2011) (when mycotoxin contamination
is heterogenous) and washing (Hwang, 2010) have been
reported to achieve the decontamination of aflatoxins up to
40%, while heat treatment (steaming, roasting, boiling, and
baking) have recorded up to 50-70% decontamination
(Reddy and Rani, 2004) and up to 95% decontamination of
AFBI1 when roasting is applied (Hussain et al., 2011). From
these literature sources, it seems encouraging that the
application of various processing methods enhances the
reduction/elimination of aflatoxins from agricultural
products. It is therefore on this foregoing that this study was
carried out to determine the aflatoxin levels of various
widely consumed food stuffs, as well as evaluate the degree
of decontamination achieved by various processing methods.

2. Materials and Methods

2.1. Sample Preparation

The raw food samples; yam tuber, wheat, cassava tuber,
millet, corn, breadfruit, groundnut, melon seeds, Oil bean,
and beans and their respective processed forms; yam flour,
wheat flour, garri, millet flour, corn flour, roasted breadfruit
and groundnut, Ogiri, Ugba, and beans flour were purchased
from Ekeonunwa Market in Owerri Imo State, and identified
at the Department of Plant Science and Biotechnology Imo
State University Owerri Imo State Nigeria. The leafy
vegetables; pumkin leaves (Telfairia occidentalis), oha
(Pterocarpus mildbraedii), nchuanwu (Occimum
gratissimum), curry (Murraya koenigii), and bitter leaf
(Vernonia amygdalina) were purchased from Ekeonunwa
Market in Owerri Imo State Nigeria. The vegetables were
processed by blanching; immersing in boiling water for 5
minutes.

2.2. Determination of Aflatoxin Concentration

2.2.1. Extraction

The method of Hell et al., (2009) was applied for the
extraction of aflatoxins from the food and vegetable samples.
Precisely, 10g of the samples was mixed thoroughly with
50ml CH30H/H,0 (85:15 v/v) and allowed to blend for 5 min
before being filtered using a filter paper. The filtrate (40ml)
was mixed with 40ml of 10% NaCl. The mixture was
defatted in a separation funnel using 25ml n-hexane, and
discarded, leaving the aqueous layer. The aqueous layer was
partitioned twice using chloroform, which was pooled and
dried over anhydrous Na,SO,. The chloroform was then
evaporated off on a rotary evaporator and the residue
transferred to an amber vial with 2x0.5 ml of chloroform
which was evaporated off under vacuum to near dryness and
stored at —20 °C until analyzed. The residue was redissolved
in 200 pl acetonitrile: water:acetic acid (10:50:40 v/v/v) for
high pressure liquid chromatography (HPLC).

2.2.2. Quantitative Analysis of Aflatoxins

Aflatoxins were analyzed on Agilent Technologies 1200
series HPLC with UV detection as described by Makun ez al.,
(2012) at wavelength of 365nm. The octadecylsilyl group
(ODS) column, 4.6mm x 150mm x 5pm was used at ambient
temperature of 25°C. Acetonitrile: water and acetic acid in
ratio 10:50:40 v/v/v respectively was used as mobile phase at
flow rate of 0.8ml/min. The injection volume was 20 pl.
Identification of aflatoxins (B1, B2, G1, and G2) in each
sample was achieved by comparison with retention times of
standard peaks. A series of each aflatoxin standards were
used to construct a calibration curve. The equation obtained
from the calibration curve was used to calculate the
concentration of aflatoxins in each sample.

2.3. Statistical Analysis

Data was expressed as mean + SD of triplicate
determinations. The data were analyzed by using Student’s
T-test of the Statistical Packages for Science and Social
Science (SPSS). p values < 0.05 were considered as
significant.

3. Results and Discussion

The aflatoxin contents of raw and processed
carbohydrate-rich foods are represented in Table 1. There
were significant reductions (p < 0.05) in the aflatoxin B1 and
B2 contents of all the processed CRF. Also, from Table 1,
corn had the highest content of aflatoxin B1 and B2, than all
the other carbohydrate. The aflatoxin B1 content of yam in
this study was lower than that reported by Arorowa et al.,
(2012) for yam chips, but the values recorded for wheat and
cassava in this study were comparable to those shown by
Arorowa et al., (2012). However, Bankole and Adebanjo,
(2003) reported a higher aflatoxin B2 content than that
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presented in this study for yam. Among the commonly
encountered aflatoxin, aflatoxin B1 is regarded as the most
toxic due to its contribution to hepatocellular carcinoma
(HCC) in animals, and twice as potent as carcinogens like an
equitoxic dose of X-rays (Ilic ef al., 2010). Chen et al., (2010)
posited that, aflatoxin Bl is a known mutagen, while its
immunosuppressive (Meissonnier et al., 2008) and
teratogenic (Geissler and Faustman, 1988) activities have
been reported. Also, Yang et al., (2012) have mentioned the
hepatotoxic effect and disruption of oxidative stress markers
of foods contaminated with Aflatoxin B2. The aflatoxin G1
and G2 contents of the raw and processed carbohydrates
shown in Table 1 indicated that with the exception of corn
and cassava, the application of the distinct processing
methods were effective in the reduction of these aflatoxins.
Some studies have reported the resistance of aflatoxins
especially aflatoxin G2, to various forms of processing,
especially with applications of heat (Proctor et al., 2005;
Pratiwi et al., 2015). Corn, yam, and cassava contained the

highest amount of aflatoxin G1 and G2 while wheat and
millet contained the least aflatoxin G1 and G2 contents. Corn
and corn flour contained the highest total aflatoxin contents
while unprocessed yam and cassava contained a similar
amount of total aflatoxin contamination (Table 1). In line
with the findings of this study, Mokoena et al., (2006) have
reported the high susceptibility of Maize and maize products
to fungi contamination, especially with those producing
metabolites like. In addition, the processed forms of wheat
and cassava had comparable total aflatoxin contents, while
the aflatoxin content of the processed yam was comparable
to that of millet (Table 1). From these findings, only the
aflatoxin content of the unprocessed corn exceeded the
regulatory limit of 20ppb, recommended by USFDA for
agricultural commodities. The results presented for the total
aflatoxin content of corn, was slightly higher than those
presented by Opadokun and Ikeorah (1989), and Arowora et
al. (2012), however, Arowora et al., (2012) recognized that
maize is highly susceptible to aflatoxin contamination.

Table 1. Aflatoxin contamination (ng/kg) of raw and processed carbohydrate-rich foods (CRF)

CRF Aflatoxin Bl Aflatoxin B2 Aflatoxin G1 Aflatoxin G2 Total
Aflatoxin

Raw Yam 3.60+0.62° 1.7340.35° 1.10£0.26° 1.16+0.11° 7.59
Yam flour 1.60+0.20° 0.26+0.11° 0.50+0.20° 0.80:£0.10° 3.16
Unprocessed wheat 2.36+0.25° 0.90+0.10° 0.30+0.10° 0.63+0.15b 4.19
Wheat flour 1.40+0.45° 0.20+0.10° 0.043+0.01° 0.26+0.05° 1.90
Raw Cassava 3.88+0.16° 1.96+0.37* 0.83+0.11° 0.56+0.20° 7.23
Garri 0.53+0.41° 0.66+0.15° 0.36+0.21° 0.2340.15" 1.78
Millet 4.13+£0.35° 0.80+0.36 0.33£0.20° 0.56£0.15" 5.82
Processed Millet 2.66+0.40° 0.20+0.10° 0.05+0.02° 0.33+0.11° 3.24
Corn 24.0042.30° 5.46+1.19° 2.96+0.92° 2.50+0.7" 34.92

Corn flour 12.46+2.36° 2.03+0.25° 1.60+0.62° 1.03+0.23* 17.12

Values are means + S.D of triplicate determinations. For each CRF, values bearing different superscript letter(s) (a-b) down the column, are significantly

different (p < 0.05).
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The % reduction of aflatoxin B1, B2, G1 and G2 were
shown in Fig. 3a-c. The result sheds light on the
effectiveness of the applied processing techniques, on the
reduction of the aflatoxin contents of the foods. The
variations recorded in the figures above, for the % reduction
of the aflatoxins from one food to the other, indicates the
susceptibility of these distinct aflatoxins to the applied
processing technique. For the % reduction of AFB1, among
the CRF, the processing method applied to cassava proved
most effective while those for millet and wheat were the least
effective according to the result presented in Fig. 1a. The
effectiveness of the processing method of raw cassava to
garri in the reduction of AFB1 may be related to the
application of frying with small amounts of red oil, as
reported by Chikezie and Ojiako (2013). On another note, the
result showed the high susceptibility of AFB2 (Fig. 3b) and
AFG] (Fig. 3c) to exclusively milled products as in the case
of wheat and millet, achieving a reduction rate of about 80%.
The results showed in Fig. 3d indicates that the processing
technique applied to yam, is least effective for the
attenuation of AFG2 while wheat, cassava, and corn
recorded an equivalent % reduction rate of AFG2 after
processing. Apart from the processing methods, some factors
such as the moisture, temperature, and physical and chemical
properties of the samples, all contributes to the varying
extents of aflatoxin removal from food materials.
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Table 2. Aflatoxin contamination (pug/kg) of raw and processed legumes

Grains Aflatoxin B1 Aflatoxin B2 Aflatoxin G1 Aflatoxin G2 Total Aflatoxin
Breadfruit 43.63+4.97° 11.83+1.87° 3.76+0.65 5.30+0.30° 64.52
Roasted breadftuit 13.50+1.86° 5.60+2.23b° 0.80+0.20° 0.33£0.25° 20.23
Melon 27.36+1.91° 6.26+0.75° 0.80+0.30 3.10+0.35° 37.52
ogiri 6.91+0.43° 4.08+0.16b° BDL 1.53+0.20° 12.52
Groundnut 41.4343 .46 4.50+1.64b° 2.50+0.10° BDL 48.43
Roasted Groundnut 23.50+3.80° 1.96+0.40° 0.26£0.11° BDL 25.72
Beans 67.60+8.92° 2.50+0.46" 0.93+0.15 1.00+0.26" 72.03
Beans Flour 12.46+1.98° 1.43+0.45° 0.13+0.06" 0.60+0.26° 14.62
0Oil Bean 16.30+2.80° 4.10+0.30° 1.63%0.15 2.26+0.81° 24.29
Ugba 2.52+0.71° 2.77+0.28° BDL 2.04+0.44* 7.33

Values are means + S.D of triplicate determinations. For each food type, values bearing different superscript letter(s) (a-b) down the column, are

significantly different (p < 0.05).

The aflatoxin contents of some selected legumes are
shown in Table 2. Among the analyzed legumes, beans,
breadfruit and groundnut contained the highest amount of
aflatoxin B1, while oilbean and melon had the lowest
contamination of the aflatoxin. The result also indicated that
the applied processing techniques significantly reduced the
aflatoxin content of the food samples after processing. The
aflatoxin B1 content of soybean (47.9 ppb) recorded by
Pratiwi et al., (2015) was comparable with those for
breadfruit and groundnut presented in this study. Similarly,
the aflatoxin B1 content of breadfruit shown in this study
was comparable to that reported elsewhere by Odoemelam
and Osu, (2009) whereas that of groundnut presented in this
study was lower than their findings. Some authors have also
demonstrated the influence of environmental factors being
contributory to the variations in aflatoxin B1 contamination
using similar samples. For instance, the aflatoxin B1 content
of groundnut samples in Senegal (Park and Njapau, 1989)
was higher than that of this study, as well as those reported
for India (Singh et al., 1982) and Bangladesh (Akano and
Atanda, 1992). The International Agency for Research on
Cancer (IARC), according to Seo et al, (2011) regards
Aflatoxin Bl as group 1 human carcinogen, and with the
level of occurrence in most of the food samples evaluated in
this study, the consumption of those legumes having elevated
amounts of Aflatoxin B1, puts the consumers at risk. The
result presented in Table 2 showed a lower occurrence of
AFB2 on these legumes when compared to the occurrence of
AFBI, and in addition, showed that processing methods for
beans was ineffective in reducing the AFB2 content. Guchi,
(2015) have implicated beans as susceptible to aflatoxin
contamination. Furthermore, the amount of AFB2 in both
processed and unprocessed melon in this study was higher
than those reported by Fapohunda et al., (2014). Breadfruit,
groundnut, and oil bean were the most contaminated by
AFG1, but for AFG2, breadfruit, melon, and oil bean
contained the highest amounts (Table 2), while no detectable
amount of AFG2 was recorded for groundnut. Except for
beans and oil beans, the AFG2 content of all other legumes in

this study were significantly lowered after processing, while
the result for AFG1 indicated that all the legumes assessed
had significantly lowered AFGI1 contents after processing,
with total obliteration of AFG1 obtained for melon and oil
bean as a result of processing. All the unprocessed forms of
these legumes evaluated in this study for total aflatoxin,
exceeded the permissible limits in food samples, however, it
was shown that the processing of melon, beans, and oil bean,
lowered the aflatoxin contamination within the permissible
limit. The high levels of aflatoxins in these legumes may be
related to the agricultural practices and other factors having
profound influence on aflatoxin contamination such as
drying methods (Atukwase et al., 2009), storage duration
(Orsi et al., 2000), insect infestation (Udoh et al., 2000), and
climatic conditions (Milani, 2013). The contamination of
these widely consumed foods used both for human
consumption and for animal feeds is a crucial issue for
farmers because of both the acute and chronic implications in
animals. In an economic sense for animals, Upadhaya et al.,
(2010) envisaged such implications as reduction in
productivity, as well as damage of vital organs.
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Figure 4a. % reduction of AFBI after the processing of legumes
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Figure 4d. % reduction of AFG2 after the processing of legumes

Fig. 4a-d shows the effect of processing on aflatoxin
contaminations in selected legumes. In Fig 4a, egusi and oil
bean recorded about 74.74 and 84.53% respective reduction
in AFB1 contamination after processing. This implies that
aside from factors related to the composition of the food
material being investigated, the predominant processing
method applied for egusi and oilbean (soaking and
fermentation) is generally more effective in AFBI
decontamination, than those for breadfruit and groundnut
(frying), but comparable to that for beans (sorting and

milling). Processed egusi generally known in Eastern Nigeria
as “ogiri” and oilbean as “ugba” are fermented products, thus
showing more emphasis on the effects of fermentation on
AFBI1 contamination. Many authors have discussed the
effects fermentation on the aflatoxin contents of fermented
products (Wiseman and Marth 1981; Gourama and
Bullerman, 1995; Oluwafemi and Ikeowa, 2008; Assohoun
et al., 2013). El-Nezami et al., (1998) and Haskard et al.,
(2001) clearly showed the effectiveness of lactic acid
bacteria during fermentation in the removal of AFB1 which
was in line with the findings of this present study. Oluwafemi
and Ikeowa, (2008) and Assohoun et al., (2013) observed
that the significantly decreased production of aflatoxins after
soaking and fermentation with corresponding reduction in
pH, was as a result of the inhibition of the growth of food
poisoning or spoiling microorganisms whereas other
researchers believe these toxins are rather removed by the
non covalent binding of the lactic acid bacteria cell wall
(Zhang and Ohta, 1991). Fig. 4b indicates that AFB2 is more
effectively reduced by frying as seen in the case of groundnut
and breadfruit compared to the processing method of egusi
and oil bean. Further, Fig 4c shows a 100% decontamination
of AFG1 on application of fermentation procedures on egusi
and oil bean, which was greater than the 50% reduction
shown by Oluwafemi and Ikeowa, (2008). AFG2 as shown in
Fig. 4d was most effectively reduced during the processing
of breadfruit, while that of beans and oilbean contributed the
least. This may imply that frying leguminous food products
may be a more effective method of reducing AFG2 content,
than milling and fermentation.

The aflatoxin contents of raw and blanched vegetables are
presented in Table 3. No significant difference (p>0.05) was
recorded between the AFB1 content of raw and processed
pumpkin leaves, while blanching significantly reduced the
AFBI1 content of Oha, Nchuanwu, Curry, and Bitter leaf
samples. Pumpkin leaves contained the highest amount of
AFB2 that was significantly reduced by blanching, while
blanched Oha leaves, Nchuanwu (raw and blanched),
blanched curry leaves, and bitter leaf (raw and blanched)
samples contained no detectable AFB2 content. Also, the
result showed no detectable AFG1 and AFG2 contents of
both raw and blanched Nchuanwu, curry, and bitter leaf
samples. Neveen et al., (2015) have confirmed the inhibitory
action of Occimum Sp. (Nchuanwu) on aflatoxins and 4.
flavus mycelial growth, which might be the reason behind
the non detectable AFB2, AFG1, and AFG2 content of both
raw and blanched Nchuanwu leaves presented in this study.
Similarly, in line with the findings of this study, Murugan et
al., (2013) have shown the antiaflatoxigenic potential of
Murraya koenigii (curry leaf), while the aflatoxin reducing
potentials of bitter leaf have been reported (Yeap et al.,
2010). In addition, the result of Table 3 showed that the total
aflatoxin content was higher in pumpkin and Oha leaves, and
lowest in curry and Nchuanwu leaves but undetected, when
the leaves were blanched



Universal Journal of Chemistry 5(4): 59-67, 2017 65

Table 3. Aflatoxin contamination (ug/kg) of raw and blanched vegetables

Vegetables Aflatoxin Bl Aflatoxin B2 Aflatoxin G1 Aflatoxin G2 Total Aflatoxin
Pumpkin leaves (PL) 6.70+1.60" 3.30+0.52* 0.96+0.11* 0.76+0.21 11.72
Blanched (PL) 5.96+1.60" 1.5340.40° 0.26+0.21° BDL 7.75
Oha Leaves (OL) 3.76+0.49* 0.53+0.25 0.23+0.15 0.33+£0.15" 4.85
Blanched OL 2.03£0.15 BDL BDL 0.13+0.06" 2.16
Nchuanwu Leaves (NL) 0.20+0.10 BDL BDL BDL 0.20
Blanched NL BDL BDL BDL BDL BDL
Curry leaves (CL) 1.36+0.50° 0.20+0.10 BDL BDL 1.56
Blanched CL 0.20+0.10° BDL BDL BDL 0.20
Bitter Leaf (BL) 0.40+0.20° BDL BDL BDL 0.40
Blanched BL BDL BDL BDL BDL BDL

Values are means + S.D of triplicate determinations. For each vegetable type, values bearing different superscript letter(s) (a-b) down the column, are
significantly different (p < 0.05).
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The reducing effect of blanching on AFB1, AFB2, AFGI,
1004 and AFG2 is shown in Fig. 5a-d. Fig. 5a shows that
. blanching produce the least reducing effect on the AFBI
= content of 7. occidentalis (pumpkin leaves), followed by P.
504 mildbraedii (Oha leaves), while after blanching the AFB1
present in raw samples of O. gratissimum (nchuanwu) and V.
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means Below Detection Levels vegetables, and the presence of aflatoxins necessitates
nadequate processing before consumption. Therefore, with
150 - the effectiveness of blanching in reduction or complete
destruction of aflatoxins shown in this study, it is imperative
. to subjef:t these vegetables to blanching prior to
consumption.
f
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higher aflatoxin reducing effect on the legumes. With this,
there is an urgent need to sensitize the public on the high
aflatoxin content of these agricultural products, as well as
providing information on the effective processing method
suitable for the reduction/removal of aflatoxins in each food
product.
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