
Available online at www.sciencedirect.com
www.elsevier.com/locate/foodcont

Food Control 19 (2008) 714–721
The fate of aflatoxins during processing of maize
into muthokoi – A traditional Kenyan food

Christopher Mutungi a,*, Peter Lamuka a, Samuel Arimi b, James Gathumbi c,
Calvin Onyango d

a Department of Food Technology and Nutrition, Faculty of Agriculture, University of Nairobi, P.O. Box 29053-00625, Nairobi, Kenya
b Department of Public Health, Pharmacology and Toxicology, Faculty of Veterinary Medicine, University of Nairobi,

P.O. Box 29053-00625, Nairobi, Kenya
c Department of Veterinary Pathology and Microbiology, Faculty of Veterinary Medicine, University of Nairobi, P.O. Box 29053-00625, Nairobi, Kenya

d Food Technology Division, Kenya Industrial Research and Development Institute, P.O. Box 30650-00100, Nairobi, Kenya

Received 30 December 2006; received in revised form 16 July 2007; accepted 20 July 2007
Abstract

The effect of processing muthokoi, (a traditional dehulled maize dish in Kenya) on aflatoxin content of naturally contaminated maize
was investigated. Dehulling decreased aflatoxin levels by 46.6% (5.5–70%) in maize samples containing 10.7–270 ng/g aflatoxin levels.
Soaking muthokoi in 0.2%, 0.5% and 1.0% solutions iati, sodium hypochlorite or ammonium persulphate for 6 or 14 h further decreased
aflatoxin contents by 28–72% in maize samples containing 107–363 ng/g aflatoxin levels, and boiling muthokoi at 98 �C for 150 min in
0.2–1.0% w/v iati decreased aflatoxin contents by 80–93% in samples having 101 ng/g aflatoxin contamination. Findings imply that expo-
sure to acute aflatoxin levels in maize is minimised during processing and preparation of muthokoi.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Aflatoxins are toxic secondary metabolites produced by
fungal strains of the genus Aspergillus namely, Aspergillus

flavus, Aspergillus parasiticus and Aspergillus nomius (Has-
san & Llyod, 1995; Kurtzman, Horn, & Hesseltine, 1987).
Aflatoxin contamination of maize is almost exclusively
from infestation by A. flavus, which produces aflatoxin B1

and B2. Aflatoxigenic strains of A. flavus are capable of
growing on maize in the field and in storage. Infection of
host plants in the field is unavoidable since factors that
promote fungal infection and aflatoxin production such
as inoculum availability, weather conditions and pest infes-
tation during crop growth, maturation, harvesting and
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storage are difficult to control (Lopez-Garcia & Park,
1998). The optimum conditions for growth and subsequent
production of aflatoxins by A. flavus include moisture con-
tent above 14%, optimum temperature of 28–30 �C and
water activity of 0.83–0.97. The oxygen to carbon dioxide
ratio, physical integrity of the grain, initial levels of mould
infection, pest activity and genetic properties of the grain
also determine the degree of contamination (Dierner
et al., 1987).

Contamination of maize and other food commodities
with aflatoxins is a public health concern because of the
ability of aflatoxins to cause human and animal diseases.
Aflatoxins have been implicated with acute and chronic
aflatoxicosis, genotoxicity, hepatocellular carcinoma, sup-
pression of the immune system, aggravation of kwashior-
kor and impaired childhood growth (Hall & Wild, 1994).
In Kenya, outbreaks of acute human aflatoxicosis occur
frequently especially with respect to maize, the dietary
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staple to over 85% of the Kenyan population and are well
documented (Lewis et al., 2005; Muraguri, Omukoolo,
Kenji, & Condier, 1981; Nangindu et al., 1982; Siboe &
Muriuki, 1995).

Because of the ubiquitous nature of aflatoxigenic fungi,
prevention of on-field and storage infection as a means of
controlling aflatoxin contamination in agricultural com-
modities is difficult to achieve. Consequently, post-harvest
food processing technologies are increasingly being investi-
gated for their ability to reduce aflatoxins in contaminated
products. Processing operations such as physical cleaning,
heat treatment, solvent extraction, mechanical separation,
density segregation, treatment with chemical additives
and irradiation have been reported to reduce the levels of
aflatoxins in foods, but no single method is capable of
achieving complete decontamination (Rustom, 1997;
Samarajeewa, Sen, Cohen, & Wei, 1990). Some traditional
food processing procedures in Africa utilise a combination
of these techniques although their effectiveness has not
been fully investigated (Fandohan et al., 2005).

Maize is processed and prepared in different ways by dif-
ferent communities in Kenya. It may be consumed as either
roasted green maize, boiled whole-grain maize mixed with
legumes (githeri), thick porridge (ugali), thin porridge (uji),
opaque alcoholic beverage (busaa), fermented roasted cake
(tsimbale or kamakhalanje) or boiled dehulled grits (muth-

okoi). Muthokoi is indigenous to the Kamba community,
and is also common among the Kikuyu and Meru commu-
nities where it is referred to as njenga and muthikore,
respectively. The traditional method of making muthokoi
begins with selection of the grains to remove undersized-,
off-coloured-, shrivelled and damaged grains. The selected
grains are then pounded in a mortar accompanied by inter-
mittent wetting with water to soften and remove the peri-
carp (hull). The dehulled fraction is separated from the
hulls by winnowing after sun-drying. To decrease the
cooking time, the dehulled grain is softened by soaking
for 6–14 h in water or a dilute solution of iati (an alkaline
mineral salt used as a cooking aid), prior to boiling in
either fresh water or a dilute solution of the salt. The aim
of this study was to determine the fate of aflatoxins in nat-
urally contaminated maize during traditional muthokoi

preparation and determine the effects of iati, sodium hypo-
chlorite and ammonium persulphate on the detoxification
process.

2. Materials and methods

2.1. Sampling and processing of muthokoi

Aflatoxin-contaminated maize samples, previously sam-
pled from Makueni, Machakos and Kitui districts during
a foodborne aflatoxicosis outbreak, were kindly donated
by Kenya National Public Health Laboratory Services
(Nairobi, Kenya). Forty-eight samples, each weighing
2 kg, were randomly selected. A 1 kg portion was drawn
from each sample and equally divided using a sample divi-
der (Pascal Engineering Co., Crawley, United Kingdom).
One sub-sample was analysed for total aflatoxins and
mould contamination, as the reference whole-grain sample,
whereas the other was dehulled into muthokoi by pounding
in a wooden mortar using a wooden pestle. To standardize
the dehulling process, a pre-trial was conducted to deter-
mine the amount of wetting agent (distilled water, 1% w/v
ammonium persulphate, 1% v/v sodium hypochlorite or
1% w/v iati) and pounding time required to dehull the
grains, which were found to be 10% and 30 min, respec-
tively, for 500 g maize portions. The dehulled maize was
spread thinly on Kraft paper and sun-dried for 30 min to
facilitate separation of the dehulled grains from the hulls
and fines (by-product), which was achieved by sieving
through a 2 mm mesh to recover the fines then manually
winnowed to recover the hulls.

2.2. Treatment with chemical additives

Whole-grain maize (20 kg) was divided equally using a
sample divider (Pascal Engineering Co., Crawley, United
Kingdom) after which one portion was dehulled by pound-
ing using a wooden mortar and pestle. Three sub-samples
(500 g) were drawn randomly from each dehulled and
non dehulled portions and the mean aflatoxin content
determined.

Sub-samples (200 g), were drawn from the reference por-
tions prepared above and soaked in either 1000 ml distilled
water or 0.2%, 0.5% and 1.0% solutions of iati, ammonium
persulphate or sodium hypochlorite and incubated for 6 h
or 14 h at 25 �C. The steep liquor was discarded, and the
samples washed three times with running tap water then
dried in a hot-air oven at 70 �C for 8 h. Other sub-samples
were boiled at 98 �C in either 1000 ml distilled water or
0.2%, 0.5% and 1% w/v iati solutions in an open aluminium
kettle for 150 min after which the liquor was drained off
and the samples dried in a hot-air oven at 70 �C for 8 h.

2.3. Aflatoxin analysis and mould counts

Muthokoi, the by-products and their corresponding
whole-grain reference samples, and all samples treated with
chemical additives were separately ground in entirety using
a hammer mill (Condux D6450, Germany), then fine-milled
using a laboratory hammer mill (Cullati, Type DFH 48,
Switzerland) fitted with a 1 mm sieve. The sieved material
was mixed for 5 min using a kitchen blender then stored
at �15 �C awaiting mycological examination and aflatoxin
analysis. Total mould counts were determined by spread
plate technique on Sabouraud’s Dextrose Agar containing
100 mg/l chloramphenicol and typical A. flavus counts enu-
merated on A. flavus and A. parasiticus agar.

Aflatoxin extraction was done using the AOAC official
method 990.32 (AOAC, 1995) with modifications. The
ground samples (5 g) were mixed with 25 ml of metha-
nol–water (1:1 ratio) in a 50 ml conical flask, covered with
aluminium foil and moderately agitated for 20 min using a



716 C. Mutungi et al. / Food Control 19 (2008) 714–721
magnetic stirrer. The mixture was allowed to stand for
2 min and the supernatant filtered through a Whatman
No. 1 filter paper. Extracts were analysed using a compet-
itive enzyme-linked immunosorbent assay (ELISA) kit
(Boratest�, Bora Biotech Ltd., Kenya) reported to have
aflatoxin recovery rate of 88–110% with maize products
(Gathumbi, Usleber, & Martlbauer, 2001). Aflatoxin B1

standards were prepared by diluting a 15 lg/ml stock solu-
tion (Sigma Immunochemicals St. Louis, MO, USA) in
10% v/v methanol–phosphate buffered saline (PBS)
(6.79 g sodium chloride, 1.47 g sodium biphosphate and
0.43 g potassium biphosphate in 1000 ml distilled water;
pH 7–7.5) to obtain working dilutions of 1.0 ng/ml,
0.33 ng/ml, 0.11 ng/ml, 0.04 ng/ml and 0.01 ng/ml. Sample
extracts were diluted to 10% methanol content using PBS
followed by further dilution in 10% v/v methanol–PBS to
reduce aflatoxin concentration to the sensitivity range
(<1 ng/ml) of the assay. Aliquots (50 ll) of toxin standards
and diluted test extracts were pre-mixed with 50 ll of afla-
toxin–horse radish peroxidase and added into designated
wells of anti-aflatoxin antibody (cross reactivity to afla-
toxin B1 of 100%, 12%, 4%, and 0.1% for aflatoxins B1,
B2, G1, and G2, respectively)-coated microtiter plates
(Maxisorp� Nunc, Denmark). The plates were incubated
at 25 �C in a humid chamber for 2 h after which they were
emptied, washed with saline-tween solution (8.55 g sodium
chloride dissolved in 1000 ml distilled water added with
0.25 ml polyoxyethylene sorbitan monohydrate), semi-
dried by tapping on blotting paper before adding
enzyme–substrate solution (100 ll) comprising hydrogen
peroxide buffer (8.81 g citric acid monohydrate, 40 ml of
1 mol/l potassium hydroxide, 65 ll of 30% hydrogen per-
oxide and 160 ll distilled water) and tetramethylbenzidine
(50.4 mg tetramethylbenzidine, 1 ml acetone and 9 ml
methanol) freshly mixed in the ratio of 20:1, into each well.
The plates were kept in a dark cabinet for 10 min after
which the enzyme reaction was stopped by adding 1 M sul-
phuric acid (100 ll) simultaneously into all the wells. The
intensity of colour in both standard and test extract wells
was determined by reading the absorbance at 450 nm using
an ELISA reader (Uniskan II� Labsystems, Finland). A
standard curve of percent inhibition against aflatoxin con-
centration of known standards was used to determine afla-
toxin concentration of the samples.

Decrease in aflatoxin levels as a result of dehulling was
calculated as the difference between the aflatoxin content
(ng/g) of whole-grain maize and the content in muthokoi

and expressed as percent fraction of the aflatoxin content
(ng/g) of the whole-grain maize. The dehulling ratio was
determined by dividing the dry weight of the by-product
with the corresponding dry weight of muthokoi (g/g). The
ratio of aflatoxin content in the by-product to the corre-
sponding content in the whole-grain maize (ng/g) was also
determined. The decrease in aflatoxin contents after treat-
ment with iati, ammonium persulphate or sodium hypo-
chlorite was calculated as the difference between the
aflatoxin content (ng/g) in the reference sample and the
content (ng/g) in the treated sample and expressed as a per-
cent fraction of the content (ng/g) in the reference sample.

2.4. Ionic composition of iati

Atomic absorption spectrophotometer (210 VGP Buck
Scientific) was used to determine cationic composition after
sample digestion with nitric acid and solubilization in
hydrochloric acid. The salt (1 g) was mixed with 10 ml of
6 M nitric acid, refluxed for 15 min, added with 5 ml of
15.4 M nitric acid, refluxed further to about 5 ml volume,
cooled, and 5 ml of 30% hydrogen peroxide carefully added
while warming slowly until no further effervescence was
observed. A 10 ml aliquot of 4 M hydrochloric acid was
added, solution refluxed for 15 min cooled and diluted to
100 ml with deionized water. The solution was aspirated
and ignited in air–acetylene flame, and concentrations of
sodium, potassium, calcium, and magnesium ions deter-
mined at 589, 767, 423, and 285 nm respectively, against
standards prepared from separate element stocks compris-
ing 1.00 mg/ml sodium solution (0.25 g sodium chloride in
20 ml deionized water, added with 2 ml of 7.7 M nitric acid
and diluted to 100 ml with deionized water); 1.00 mg/ml
potassium solution (0.19 g potassium chloride previously
dried at 110 �C for 3 h dissolved in 20 ml deionized water,
added with 2 ml of 6 M hydrochloric acid and topped to
100 ml with deionized water); 1.00 mg/ml calcium solution
(0.25 g calcium carbonate previously dried at 180 �C for 1 h
dissolved in 20 ml of deionized water, added with 10 ml of
12 M hydrochloric acid and diluted to 100 ml with deion-
ized water) and 1.00 mg/ml magnesium solution (0.100 g
cleanly polished magnesium ribbon dissolved in 5 ml of
12 M hydrochloric acid, added with 2 ml of 7.7 M nitric
acid and solution topped to 100 ml with deionized water).

Anionic composition was determined as alkalinity by
titration to end-point pH according to standard methods
for examination of water and waste water, method number
2320, (APHA, 1992) with modifications. The salt, 1 g dis-
solved in 100 ml of deionized water, was titrated with
0.025 M sulphuric acid in presence of phenolphthalein indi-
cator (1 g in 60 ml absolute ethanol, topped to 100 ml with
distilled water, pH 8.3) to the colorless end-point (phenol-
phthalein titer, P), continued with methyl orange indicator
(0.1 g methyl orange powder in 100 ml distilled water, pH
4.2) to orange end-point and the total titer, T, obtained.
Using established alkalinity relationships (APHA, 1992),
the respective titers for calculation of hydroxide, carbonate
and bicarbonate concentrations, equivalent to 0, 0, T when
P = 0; 0, 2P, T � 2P when P < 1/2T; 0, 2P, 0 when P = 1/2
T; 2P � T, 2(T � P), 0 when P > 1/2T and T, 0, 0 when
P = T, respectively were computed and concentrations,
expressed as calcium carbonate milliequivalents per litre
(mEq/l), calculated by multiplying the product of normal-
ity of titrant and corresponding titer by 1000 divided by
volume of sample aliquot (ml).

Chloride ions were titrated with 0.05 mol/l silver nitrate
against potassium chromate indicator (50 g potassium
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Fig. 1. Correlation between aflatoxin content of whole-grain maize and
decrease in aflatoxin content due to dehulling.
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chromate dissolved in 100 ml distilled water, mixed with
enough silver nitrate to produce a stable red color before
diluting to 1000 ml with distilled water) and concentration
(mEq/l) obtained by multiplying the product of the titer
(ml) and normality of titrant by 1000 divided by volume
(ml) of sample aliquot taken. Ionic strength of the salt
was determined by measuring electrical conductivity at
25 �C using conductivity bridge model 31�.

2.4.1. Statistical analyses

Data on percent aflatoxin loss and mould count were
transformed to the square root and log10 respectively for
purposes of statistical analysis but results are presented
untransformed. Paired sample t-test was used to compare
aflatoxin levels and mould counts in muthokoi and whole-
grain maize. Analysis of variance was used to compare
the effect of the wetting agents on aflatoxin decrease and
mould recovery during dehulling and after treatment with
iati, ammonium persulphate and sodium hypochlorite.
Fisher’s least significant difference (LSD) test was used to
separate the treatment means while Pearson’s product-
moment correlation was used to test relationships between
the aflatoxin contents in whole-grain maize, ratio of afla-
toxin content in the by-products to that in the whole grain,
the dehulling ratio and aflatoxin loss due to dehulling. Sta-
tistical analyses were performed on GenStat for Windows
7th Edition (VSN International, United Kingdom).

3. Results and discussion

3.1. Sensitivity of aflatoxin assay kit

The ELISA kit used for aflatoxin analysis had a total
aflatoxin detection limit of 0.02 ng/g. The mean aflatoxin
concentrations at 50% and 80% inhibition levels were
0.07 (0.06–0.07) ng/ml and 0.02 (0.02–0.03) ng/ml, with
percent coefficients of variation of 10.2% and 9.5%, respec-
tively. The coefficients of variation were within the accept-
able range (% CV 6 20) for minimum inter-assay
variations which could arise when separate microtitre
plates are used for separate samples, replicates or sequen-
tial dilutions of highly contaminated samples (AOAC,
1995; Heitzman, 1984).

3.2. Effect of dehulling on aflatoxin contents and mould

counts

Aflatoxin contents of the 48 whole-grain maize samples
selected for dehulling ranged from 10.7–270 ng/g with a
mean of 97.3 ng/g. Aflatoxin contents in two of the 48
dehulled samples were higher than in the corresponding
undehulled whole-grains probably due to sampling error.
These two samples were omitted in the statistical analysis
of results. Dehulling the grains significantly decreased
(P < 0.001) aflatoxin levels to between 6.8 ng/g and
182 ng/g, with a mean value of 57.3 ng/g. Aflatoxin con-
tents in the by-products, comprising hulls and fines, were
2–7 times higher than the levels in the whole-grain maize
and ranged from 103 ng/g to 613 ng/g.

Dehulling maize eliminates the pericarp (hull), underly-
ing aleurone layer, hilum and a sizeable portion of the
germ. These fractions are usually the more highly contam-
inated parts of the grain (Brekke, Peplinski, & Griffin,
1975a; Brekke et al., 1975b). Aflatoxigenic moulds easily
invade the hilum because of the hygroscopic nature of
the tip cap. Similarly, the germ is prone to heavy mould
infestation due to its hydrophobic nature, which permits
a high water activity even when the overall moisture con-
tent of the grain is low. The soft texture of the germ also
enables easy penetration of fungal mycelia into the germ
as compared to the endosperm and thus fungal growth
and aflatoxin production is significantly higher in the germ
than in other kernel tissues (Brown et al., 1995; Keller,
Butchko, Sarr, & Phillips, 1994).

There was a significant positive correlation between the
ratio of by-product to whole-grain aflatoxin content and
percent aflatoxin reduction (r = 0.66, P < 0.01). This ratio,
however, decreased significantly with increasing aflatoxin
contents in the whole-grain maize (r = �0.71, P < 0.01).
This means that aflatoxin elimination by dehulling is inver-
sely dependent on its initial levels in the whole-grain maize
(Fig. 1, r = �0.66, P < 0.01). A large proportion of the
toxin probably remains bound within the internal matrix
at higher levels of contamination as implied by the signifi-
cant decrease in the ratio of by-product to whole grain afla-
toxin content with increasing aflatoxin contamination of
whole-grain maize (Fig. 2). Similar observations regarding
the distribution of aflatoxins in various fractions of natu-
rally contaminated maize have been reported by other
workers (Fandohan et al., 2005; Lopez-Garcia & Park,
1998).

The effectiveness of dehulling, estimated by the dehul-
ling ratio, significantly influenced (r = 0.38, P < 0.05)
decontamination of the grains. A low dehulling ratio,
implies partial dehulling of the grains, and indicates the
presence of a large proportion of small and shrivelled
grains in the raw material, which are difficult to dehull
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Table 2
Effect of wetting agents on total mould count in muthokoi and by-product

Grain wetting agent Counts (·103 cfu/g)A

Whole-grain maize Muthokoi By-product

Water 23–123g,k 2.1–51.4a 44–710d

Iati 28–115f,k 9.3–78.1a 29–395d

Ammonium persulphate 17–220h,k 1.1–27.0b 43–729d

Sodium hypochlorite 11–275i,k 1.3–6.20c 2.2–148e,i

Means of values across the same row or along the same column with
similar superscripts are not significantly different (P > 0.05).

A Range.

Table 3
Effect of wetting agents on A. flavus in muthokoi and by-products

Grain wetting agent Counts (·103 cfu/g)A

Whole-grain maize Muthokoi By-product

Water 1–71a,k 2.4–15a 120–669d,k

Iati 5–53g,k 0.4–4.4b 71–260e,g

Ammonium persulphate 2–115h,k 0.1–1.0c 15–301f,h

Sodium hypochlorite 1–22i,k 0.1–0.8c 7–143f,i

Means of values across the same row or along the same column with
similar superscripts are not significantly different (P > 0.05).

A Range.
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manually. Undersized grains are also more likely to contain
aflatoxins (Huff, 1980), and this probably explains the
lower aflatoxin loss associated with low dehulling ratio
observed in this study. In traditional muthokoi preparation,
the practice of segregating undersized and shrivelled grains
to enhance dehulling has the positive side effect of eliminat-
ing aflatoxin-contaminated maize grains.

The percent residual aflatoxin content in dehulled grains
did not differ significantly (P > 0.05) with different wetting
agents (Table 1). The mean dehulling ratios were also not
significantly different (P > 0.05). Recovery of moulds in
muthokoi and the by-products, however, was variably influ-
enced by wetting agent probably due to the anti-fungal
effect of the chemical additives (Tables 2 and 3). A. flavus

counts in muthokoi were not significantly different
(P > 0.05) from those in whole-grain maize when distilled
water was used as the wetting agent. Since the suitability
of any technology adopted for degradation or elimination
of aflatoxins in foods is also evaluated on its ability to
destroy spores and mycelia of aflatoxigenic fungi, the
anti-fungal effect of the chemical wetting agents used in this
study is important. Generally, total mould and A. flavus

counts in muthokoi were significantly lower than in
whole-grain maize (P < 0.001) when iati, ammonium per-
sulphate or sodium hypochlorite, were used as wetting
agents but not with distilled water. A. flavus counts in
Table 1
Effect of wetting agents on aflatoxin reduction during dehulling

Wetting agent N Aflatoxin content (ng/g)A

Whole grain maize Mut

Water 10 27.8–152 12.9
Sodium hypochlorite 12 17.2–270 6.7
Ammonium persulphate 12 21.4–219 10.8
Iati 12 33.3–258 15.5

Means along the same column with the same superscript are not significantly
A Range.
B Mean value ± standard deviation.
muthokoi were not significantly different from the counts
in whole-grain maize (P > 0.05), implying that the tradi-
tional method of dehulling maize, using water to facilitate
dehulling, may not achieve significant reduction in the
numbers of aflatoxin producing moulds.

3.3. Effect of treatment with chemical additives

The traditional preparation of muthokoi also involves
soaking the dehulled grains for 6–14 h in water in order
to soften and reduce cooking time. We observed loss of
aflatoxins when muthokoi or whole-grain maize was soaked
in distilled water, but in either case the reductions were
minimal when the incubation period did not exceed 6 h
(Table 4). However, loss of aflatoxins from muthokoi was
1.7–2 times higher than from whole-grain maize. Similar
loss of aflatoxins has been reported in wet milling of maize
(Bennett & Anderson, 1978) and processing of maize into
ogi, mawe or nshima (Fandohan et al., 2005; Njapau, Muz-
ungaile, & Changa, 1998), which involve washing or steep-
Dehulling ratioB % decrease in aflatoxin contentB

hokoi

–78.7 0.20 ± 0.05d 53.7 ± 10.3a

7–177 0.17 ± 0.04d 44.0 ± 16.6a

–182 0.18 ± 0.05d 45.5 ± 20.2a

–150 0.18 ± 0.04d 44.0 ± 14.4a

different (P > 0.05).



Table 4
Effect of chemical additives on aflatoxin contentsa in whole-grain maize and muthokoi

Additive Conc.
%
w/v

Whole-grain maize Muthokoi

Aflatoxin content % decreaseb Aflatoxin content % decreaseb

Initial After
6 h

After
14 h

After 6 h After 14 h Initial After
6 h

After
14 h

After 6 h After 14 h

Water 317 278 260 12.2 ± 2.7 15.2 ± 5.8 131 103 91.5 21.5 ± 6.3 30.9 ± 5.7
Ammonium persulphate 0.2 415 328 184 20.8 ± 5.5 55.6 ± 7.2 363 188 149 48.2 ± 5.8 58.8 ± 7.7

0.5 415 264 166 36.4 ± 4.5 59.5 ± 6.2 363 162 123 55.4 ± 6.6 65.9 ± 5.2
1.0 415 234 143 43.4 ± 9.1 65.4 ± 9.3 363 160 101 55.8 ± 2.4 72.2 ± 9.0

Sodium hypochlorite 0.2 359 270 223 24.8 ± 6.2 34.9 ± 7.0 297 199 134 32.7 ± 6.9 54.7 ± 8.5
0.5 359 247 151 31.2 ± 6.4 57.9 ± 6.7 297 151 102 49.1 ± 5.1 65.4 ± 7.4
1.0 359 235 132 34.6 ± 5.8 63.2 ± 8.4 297 143 92.9 51.8 ± 6.3 68.7 ± 6.2

Iati 0.2 264 233 191 11.6 ± 5.0 27.7 ± 7.8 107 77.2 67.6 28.1 ± 7.2 37.1± 10.9
0.5 264 219 151 16.9 ± 6.5 42.6 ± 9.5 107 69.5 54.5 35.3 ± 5.5 49.3 ± 5.7
1.0 264 220 150 16.5 ± 7.6 42.9 ± 7.5 107 63.1 51.4 41.3 ± 10.5 52.1± 6.7

a In ng/g.
b Mean aflatoxin decrease (n = 5) ± standard deviation.

Table 5
Ionic composition of iati

Ion Concentration (mEq/l)a

Cations Na+ 3000 ± 278
K+ 0.07 ± 0.02
Mg2+ Trace
Ca2+ Trace

Anions OH� Trace
CO2�

3 2000 ± 265
HCO�3 956 ± 161
Cl� 22500 ± 764

a Mean concentration (n = 3) ± standard deviation.
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ing before or after dehulling the maize grains. Dehulling
enhances loss of aflatoxins by extraction through removal
of the impermeable testa, whereas the moderate solubility
of aflatoxins in water is responsible for leaching of the
toxin in the soak water (Cole & Cox, 1981).

Enhanced aflatoxin loss was observed when maize was
soaked in ammonium persulphate solution, and increased
in both whole-grain maize and muthokoi with increasing
ammonium persulphate concentration and incubation time
(Table 4). Ammonium persulphate probably induces oxida-
tive hydration of aflatoxin across the olefinic bond of the
terminal difuran ring to form hydroxydihydro-aflatoxin
(aflatoxin B2a) that is 200 times less toxic and 1000 times
less mutagenic (Ciegler & Peterson, 1968). Tabata, Kamim-
ura, Ibe, Hashimoto, and Tamura (1994) obtained 63%
and 66% reduction in aflatoxin concentration following
treatment of aflatoxin-spiked whole-grain maize with
0.5% and 1.0% w/v ammonium persulphate, respectively
at 40 �C for 16 h and over 90% degradation of pure aflatox-
ins treated with 1% w/v ammonium persulphate at 20 �C.
The maximum aflatoxin losses of 65.4% and 72.2%, in
whole-grain-maize and muthokoi, respectively, treated with
ammonium persulphate were slightly higher than those
reported by Tabata et al. (1994) although grains spiked
with aflatoxins should be able to degrade more readily.
However, in the case of muthokoi, the dehulled grains pos-
sess enhanced moisture imbibition capacity, thus facilitat-
ing degradation of aflatoxins by ammonium persulphate.

Treatment of whole-grain maize or muthokoi with
sodium hypochlorite (pH 11.5) significantly decreased the
aflatoxin contents (Table 4). Aflatoxin losses were signifi-
cantly higher (P < 0.05) in muthokoi than whole-grain
maize, indicating the importance of dehulling as a pre-
treatment step. Increasing the concentration of sodium
hypochlorite beyond 0.5% v/v did not however signifi-
cantly (P > 0.05) increase the loss of aflatoxins from muth-
okoi or whole-grain maize, irrespective of the incubation
time. The mechanism of aflatoxin degradation by sodium
hypochlorite is either by chlorination or oxidation depend-
ing on the pH. At low pH, chlorination predominates over
oxidation and aflatoxins are converted to their dichloro-
and dihydroxy-derivatives through an addition reaction
across the terminal difuran ring, of which the dichloro-afla-
toxin derivative exhibits high residual toxicity (Samar-
ajeewa et al., 1990). Under alkaline conditions however,
formation of water-soluble b-keto acid derivative of afla-
toxin, dichloro-aflatoxin and dihydroxy-aflatoxin is known
to dominate through opening of the lactone ring (Tabata
et al., 1994). Hence, commercial solutions of sodium hypo-
chlorite, which usually contain excess alkali to stabilise the
hypochlorite, can be useful in degrading aflatoxins.

The percent decrease in aflatoxin contents was much
higher in the treatments with ammonium persulphate or
sodium hypochlorite than with iati (Table 4). Loss of afla-
toxins in whole-grain maize, soaked in iati, did not differ
significantly (P > 0.05) from the losses noted in distilled
water, after 6 h incubation, but increased 2–3 times when
the incubation time was extended to 14 h. The increased
aflatoxin loss during extended incubation time is probably
due to slow hydrolysis of hemicelluloses in the grain peri-
carp by sodium bicarbonate, a major component of iati

(Table 5), which increases permeability of the grains.
Significantly higher (P < 0.05) aflatoxin losses occurred



720 C. Mutungi et al. / Food Control 19 (2008) 714–721
when muthokoi was soaked in iati, signifying the impor-
tance of dehulling in enhancing the elimination of
aflatoxins.

Loss of aflatoxins when maize is soaked iati is probably
because the alkaline nature of iati. Alkaline media enhance
opening of the lactone ring of aflatoxins resulting in water-
soluble b-keto acid derivatives (Parker & Melnick, 1966).
Iati had high levels of sodium, chloride, hydrogen carbon-
ate and carbonate ions (Table 5), pH of 10.2 and electrical
conductivity of 5.6 · 102 dS m�1. According to Tabata
et al. (1994) up to 100% degradation of aflatoxin is possible
when pure aflatoxin solution is treated with sodium car-
bonate (pH 13) or sodium hydrogen carbonate (pH 9) for
16 h at 20 �C. It is, however, difficult to reproduce these
results in naturally contaminated maize because the afla-
toxins are protected within the grain matrix. Although
the reaction involving transformation of aflatoxins to
water-soluble b-keto acid derivative by alkaline treatment
may be reversible under acid conditions, such as in the
stomach (Samarajeewa et al., 1990), our results indicate
that a substantial amount of aflatoxins can be removed
from maize by washing after alkaline treatment.

The effect of boiling whole-grain maize or muthokoi in
graded solutions of iati is shown in Fig. 3. The mean afla-
toxin reductions ranged from 21% to 24% in muthokoi or
whole-grain maize boiled in distilled water whereas afla-
toxin losses ranged between 60% and 94% when muthokoi

or whole-grain maize were boiled in 0.2–1% w/v solutions
of iati. Boiling the grains in iati solutions increases afla-
toxin degradation, probably due to increased susceptibility
of aflatoxins to hydrolytic opening of the lactone ring fol-
lowed by heat-induced decarboxylation (Farah, Martins, &
Bachmann, 1983; Rustom, Lopez-Leiva, & Nair, 1993).

Aflatoxin degradation with iati was higher than values
reported for nixtimalization (alkaline cooking of maize in
calcium hydroxide) during processing of tortillas (Abbas,
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Fig. 3. Effect of boiling whole-grain maize or muthokoi, in iati solutions,
on aflatoxin levels.
Mirocha, & Carvajal, 1988; Price & Jorgensen, 1985).
The high ionic strength of iati (5.6 · 102 dS m�1) and the
composite nature of the salt (Table 5) probably explain
the high percent loss of aflatoxins observed in this study.
The relative efficiencies of different alkalis in degrading
aflatoxins follow the order potassium hydroxide > sodium
hydroxide > potassium carbonate > sodium carbonate >
potassium bicarbonate > ammonium hydroxide > sodium
bicarbonate > ammonium carbonate (Samarajeewa et al.,
1990).

4. Conclusion

Because of the toxic nature of aflatoxins, their presence
in foods should be limited to the lowest concentration that
cannot be removed from the food without having to dis-
card the commodity and severely compromise availability
of major food supplies. Various food safety enforcement
agents have set the maximum permissible level for total
aflatoxins in maize and maize products at 10–20 ng/g (Ros-
ner, 1998). Based on the mean aflatoxin reduction of 46.6%
attained during dehulling of maize in this study, muthokoi
processing alone can decontaminate maize within 40–
50 ng/g level of contamination. Soaking dehulled maize
prior to cooking with food-grade chemical additives can
further reduce aflatoxin levels. Though treatment of muth-

okoi with iati does not involve physical removal of aflatox-
ins from the grain, but instead degradation to less toxic
derivatives, exposure to the highly toxic form is substan-
tially lowered. Application of the indigenous maize prepa-
ration procedure which combines sorting of the grains,
dehulling followed by soaking and boiling in iati solution
is recommended as these procedures substantially reduce
aflatoxin carry over into the edible portion. Traditional
processing of muthokoi, however, does not destroy moulds
and the risk of recontamination remains high if the product
is stored under conditions favouring proliferation of afla-
toxigenic moulds.
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