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ABSTRACT 
 

Aflatoxins are carcinogenic. The presence of such mycotoxin in food and feed could pose health 
threat to both human and animals.  
Aims: The aim of this research were to study the distribution and the fate of total aflatoxins from in-
process aflatoxin contaminated wheat into products. 
Place and Duration of Study: The study was carried out in a low tonnage 100 kg/h processing 
unit from northern Nigeria from February - November, 2016.  
Methodology: Standard methods were adopted to determine some proximate compositions of 
wheat and roller mill processed wheat products (wheat flour, semolina, brown flour and bran). 
ELISA was employed to detect and quantify total aflatoxin from the samples.  
Results: Tempered wheat presented higher moisture content (15.5%) followed by wheat flour 
(14.8%) and least in bran (12.42%). Highest ash values was recorded in bran (1.55 dm%), followed 
by raw wheat (1.31 dm%), damped wheat (1.18 dm%), brown flour (0.84 dm%), wheat flour (0.64 
dm%) and least in semolina (0.50 dm%). Mean percentage protein content decreased gradually 
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from the raw material (15.18%) to wheat flour (12.34%). This represents 18.71% reduction in 
protein content during processing at 70% extraction. The effects of wheat flour extraction rate and 
total aflatoxin retention presented positive correlation. As the extraction rate increased, the 
aflatoxin retention also increased with increasing ash content. At 60% extraction, aflatoxin retention 
was 2.0% indicating decontamination of 98.0% total aflatoxins with corresponding 0.57%dm ash 
content. Increasing the extraction rate from 60 – 75%, the ash content and the total aflatoxin 
retention increased from 0.57 - 0.82%dm and 2.0 - 56.59% respectively while total aflatoxin 
decontamination decreased from 98.0 – 43.41%.  
Conclusion: This research has demonstrated that aflatoxin contaminated wheat used for 
processing could redistribute aflatoxins into wheat products thus the need for strict surveillance of 
raw material by processors and regulatory bodies during importation and at factory level to 
safeguard  incidence of aflatoxicosis in consumers. 
 

 
Keywords: Triticum; extraction; aflatoxin; mycotoxin. 
 
1. INTRODUCTION  
 
Aflatoxins are difurocaumarins derivatives, with 
oxygenated pentaherocyclic structure. They are 
teratogenic and carcinogenic [1,2]. Aflatoxin B1 
(AFB1) is a common occurring mycotoxin and the 
most  potent hepatocarcinogen known to 
mammals and thus been classified by the 
International Agency of Research on Cancer 
(IARC) as Group 1 carcinogen [3].  
 
Other researchers have reported the occurrence 
of aflatoxins in wheat flour [4,5] and wheat flour 
products such as bread [6,7].  
 
Wheat flour processing is standardized, and 
involves the following steps; screening or 
cleaning (removing impurities such as stone, 
broken grains and chaff from the wheat), 
followed by damping or tempering (the grains are 
wetted through addition of calculated amount of 
clean water to toughen the outer layers and 
mellow the starchy endosperm in order to 
facilitate separation [8] and also to raise the 
moisture of the grains to about 15%. This is 
succeeded by incubation for 18-24h or higher 
depending on the specie of the wheat. Finally, 
grinding the tempered wheat in three stages; 
break release (the tempered grain is punched by 
specialized fluted rollers), scratching (endosperm 
of the wheat grain scratched off the bran), and 
size reduction through grinding followed by 
grading (seiving). 
 

Wheat and wheat flour have been used for 
preparation of certain foods such as bread, 
cakes, dough nuts and spaghetti etc. It is 
necessary to understand the dynamics of total 
aflatoxins distribution during the milling process 
and the likely aflatoxin miniatures left over in 
finished wheat products for human consumption.  

Therefore the aim of this research was to 
determine the fate and distribution of total 
aflatoxins from in-process aflatoxin contaminated 
wheat into products. 

 
2. MATERIALS AND METHODS 
  
2.1  Source and Cleaning of Wheat 

Samples 
 
A sample (100 kg) of American wheat cultivar 
was obtained from four wheat flour mills that 
operate within northern Nigeria. The wheat was 
cleaned using China 350 kg/h screening machine 
which removes impurities such as dust, stones, 
chaffs and broken wheat. 
 

2.2  Tempering of Raw Wheat before 
Processing into Wheat Flour 

 
The wholesome wheat (20 kg) was tempered 
with precisely calculated amount of purified water 
according to the formula shown below by authors 
[9] with modification to achieve moisture level of 
15.5 % as it is practiced in Nigeria wheat flour 
mills. Another batch of 50 kg of wheat was also 
tempered in a similar manner as described. 
However, the later was spiked with known 
quantity of aflatoxin B1 (44.0 µg/kg) obtained 
from Helica Biosystems Inc. U.S.A and the total 
aflatoxin determined using Enzyme Link 
Immunosorbent Assay (ELISA). The damped 
grains were mixed separately to obtain 
homogenous samples. The two batches of 
samples were incubated at ambient temperature 
(27±2°C) for 24 h in a clean 100 L rubber 
container with cover. The tempered samples 
were given second water addition based on the 
moisture of the first sample when the desired 
moisture was not achieved.  
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Water added (mL) = (DM – MC)/(100 – DM) 
 X   QS  
 

Where: 
 

DM = desired moisture content 
MC = original moisture content of raw wheat 
QS = quantity of sample tempered 

 
2.3  Determination of Some Proximate 

Values 
 
The percentage moisture, ash and protein 
contents were determined according to standard 
methods [10]. The moisture was calculated 
based on weight difference and expressed as 
percentage. The ash content was calculated 
based on dry matter basis. 
 

2.4  Determination of the Fate and 
Distribution Pattern of Aflatoxins 
during Processing  

 
Fifty kilogram (50 kg) of the tempered 
wholesome wheat spiked with aflatoxin was 
divided into five portions. The first portion was 
milled at 75% extraction (75% wheat flour + 25% 
bran), the second sample was milled at 70%, 
while the third and forth portions was milled at 
65% and 60% extractions respectively using 
China batch wheat mill with capacity of  100 kg/h. 
The other portion of tempered wheat spiked with 
aflatoxin from above were milled separately at 
75% extraction to obtain various wheat products; 
wheat flour, semolina, brown flour and bran. The 
varied extraction rates was obtained by 
successive adjustment of the roller distance 
(aperture) from each other by bringing the 
rotating fluted rolls much closer to each other to 
create varied particle sizes. The milling machine 
consisted of pair of fluted rollers rotating 
oppositely that punch open tempered whole grain 
(break release). The fluted rolls scratches the 
wheat endosperm from the bran and the 
endosperm ground and graded with different 
sizes of standard nytal sieve automatically by the 
system into wheat products. The raw wheat and 
wheat products samples from each extraction 
rate were withdrawn aseptically with the aid of 
sterile spatula for determination of moisture, ash 
and total aflatoxin contents. 
  

2.5 Detection and Quantification of Total 
Aflatoxins Using ELISA Kits 

 
Total aflatoxins were determined from the wheat 
and wheat products using ELISA kits obtained 

from biosystem Inc, USA and were used 
according to manufacturer’s instruction. 
 

3. RESULTS AND DISCUSSION 
 

The proximate compositions determined from 
this research (Table 1) showed that the mean 
moisture, ash and protein contents of in-process 
wheat into wheat products presented tempered 
wheat with the highest moisture content 
(15.52%) and least in bran (12.42%). Although 
the optimum milling moisture of soft wheat is 14 
– 15.5% and 15.5 - 17% for hard wheat [11], 
authors [12] reported reduced ash content during 
high moisture content wheat extracted flours. 
The major product wheat flour presented mean 
moisture (14.12%). The mean percentage protein 
content decreased gradually from the raw 
material (15.18%) milled into wheat flour 
(12.34%). This represents 18.71% reduction in 
protein content. The report of [13] reported a 
similar decline in protein content of flour, leading 
to reduced amount of gluten, and a shortened 
period of dough development during bread 
processing. All the wheat flour mills from which 
the raw material was collected process wheat 
grains into wheat flour between 72-75% 
extractions. The high moisture levels exceeding 
10 % obtained in this study could favour aflatoxin 
production as reported by [14] when aflatoxigenic 
strains are present with ventilation. The decline 
in protein content from this work might have been 
due to the high extraction rate, the sheer 
between the grinding rollers and generated heat 
emanating from the grinding rolls leading to 
denaturation of the proteins. The 18.71% 
reduction in protein content obtained in this study 
is higher than the 8% reported by [15]. The vast 
difference could be due to the different extraction 
rates, wheat cultivar used and nature of 
machineries employed for the processing. While 
nowadays wheat mills uses fluted rollers for 
grinding and smooth rolls to achieve very high 
extraction rates, the olden day mills uses 
hammer mills. Thus the higher the extractions 
rates the greater the likelihood of starch and 
protein damage. 
 

Table 2 presents total aflatoxin reduction during 
processing aflatoxin contaminated wheat into 
wheat flour with respect to ash content. The 
unrefined wholesome America wheat cultivar 
presented ash content of 1.20%dm and the total 
aflatoxin content of the spiked wheat grain was 
44.0 µg/kg. At 60 % extraction (60% wheat flour 
+ 40% bran) the percentage ash recorded was 
(0.57%dm). This result represents total aflatoxin 
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reduction by 98.0%, while the total aflatoxin 
retention was 2.0% (Table 3). This level of flour 
extraction (60%) represents significant level of 
aflatoxin decontamination which could be due to 
dilution of the toxin into the products and or due 
to high percentage of separated bran which has 
been linked to majorly contain the toxins. A four 
times reduction factor was observed by [16] from 
raw material processing to finished products. 
This work has demonstrated that while the 
extraction rate increased from 60 – 75%, the ash 
content and the total aflatoxin retention increased 
from 0.57 - 0.82 %dm (Table 2) and 2.0 - 56.6% 
(Table 3) respectively. Consequently, the 
aflatoxin decontamination decreased from 98.0 – 
43.4% (Table 2) for the same extraction rate. 
Positive correlation exists between the extraction 
rate and total aflatoxin retention. As the 
extraction rate increases, the total aflatoxin 
retention increases with increasing ash content. 
The work of [24] also showed the degree of 
contamination with mycotoxin increases as the 
ash content increases as a result of high 
extraction.  
 
High ash content in wheat flours is mostly 
accompanied by the presence of dusty bran 
introduced into the wheat flour due to over 
scraping of the endosperm from the bran. The 
explanation to this has been made earlier by [17] 
that moulds and aflatoxins are majorly situated 
outside the bran. Thus aflatoxins could easily be 
introduced into high extraction wheat flours due 
to the over scraping of the bran which was 
evident from this research. An assessment of 
ash content of wheat products at 70% extraction 
with respect to 15.5% tempering showed that  as 
the moisture increases from 12.5 - 15.5%, the 
ash content reduced for all the products; wheat 
flour, semolina, brown flour and bran (Table 4). 
This is due to the 15.5% tempering when given 
appropriate incubation period for the bran to get 
toughened preventing crushing by the roller mills, 

while the endosperm mellow and  thus, easier for 
extraction and separation leading to low bran in 
the products likewise very low ash and total 
aflatoxins as seen in Table 2. 
 
In a separate study other researchers have 
reported that mycotoxins are concentrated in 
germ and bran fractions in dry milling                        
process [18-22]. An earlier measure of ash was 
reported by [25] that most polyphenol oxidase 
(PPO) is located in bran. For this reason the 
determination of polyphenol oxidase activity 
could be vital tool to measure bran 
contamination. 
 
Fractions used for food especially wheat flour 
showed least amount of total aflatoxins. This 
observation is similar to the reports of the 
authors [23,20] who observed this while studying 
the effect of industrial processing on the 
distribution of fumonisin B1 in dry milled wheat 
fractions. 
 
This work has provided framework for the 
understanding of the distribution pattern of total 
aflatoxins when contaminated wheat is 
processed into wheat products at different 
extraction rates. While bran had the highest 
aflatoxin retention (42.10%), followed by brown 
flour (20.68%), wheat flour (15.68%) and least by 
semolina (5.68%) (Table 5). The distribution of 
aflatoxins in this study was seen to reflect on the 
amount of aflatoxin contaminated dusty brand 
introduced during the extraction of the products 
from the grain. Since the aflatoxins are situated 
outside the bran [17] the higher the dusty bran, 
the more aflatoxin levels in the product. Although 
cleaning processes before milling and other food 
processing exercise could reduce aflatoxin levels 
of the grains [16], there was that redistribution 
and dilution of the products by pneumatic 
transport system leading to aflatoxin 
contamination.

 
Table 1. Mean±S.D. of some proximate composition determined on in-process wheat and 

products at 70% extraction 
 

Sample  Moisture (%) Ash contents (%) Proteins (%) 
Wheat  12.55±0.22

a
 1.31±0.41

b
 15.18±1.08

a
 

Damped wheat  15.52±0.14a 1.18±1.00b 14.67±1.02a 
Wheat flour  14.12±0.15

a
 0.64±0.11

c
 12.34±0.13

a
 

Semolina  14.60±0.21a 0.50±1.11c 12.89±0.22a 
Brown flour  13.5±1.12

a
 0.84±1.23

c
 12.40±0.06

a
 

Bran  12.42±0.23
a
 1.55±0.66

 d
 0.55±0.02

c
 

p-value  0.993 0.009 1.000 
Mean±S.D. Anova, Duncan Multiple Ratio test (DMRT). Significant at P=.05 
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Table 2. Total aflatoxin reduction during processing aflatoxin contaminated wheat into wheat 
flour with respect to ash content 

 
Extraction rate (%) Ash (% dm) Total aflatoxins 

(µg/kg) 
Total aflatoxin decontamination 
(%) 

0 1.20 44.00 0.00 
60 0.57 0.90 98.00 
65 0.61 1.70 96.14 
70 0.68 15.00 65.91 
75 0.82 24.90 43.41 

Results are means of duplicate samples 

 
Table 3.  Fate of total aflatoxins during wheat flour extraction from contaminated Triticum sp  
 

Extraction rate (%) Total aflatoxins (µg/kg) Aflatoxin retention (%) 
0 44.00 100.00 
60 0..90 2.00 
65 1.70 3.86 
70 15.00 34.09 
75 24.90 56.59 

Results are means of duplicate samples 
 

Table 4. Ash content of wheat products at 70% extraction with respect to 24 h tempering 
 

Moisture (%) Ash content (%dm) 
Wheat flour Semolina Brown flour Bran 

13.50                                    0.76 0.64 0.92 1.44 
14.00 0.73 0.59 0.89 1.40 
14.50 0.71 0.56 0.86 1.45 
15.00 0.67 0.52 0.86 1.51 
15.50 0.64 0.49 0.85 1.56 

Results are means of duplicate samples 
 

Table 5. Distribution pattern of aflatoxins in 
wheat products during processing at 70 %   

wheat flour extraction (%) 
 

Product Aflatoxin 

content (µg/kg) 

Percentage 

retention (%) 

Wheat 44.0 100.00 

Wheat flour                                               6.90 15.68 

Semolina 2.50 5.68 

Brown flour                                               9.10 20.68 

Bran 18.50 42.10 
Results are means of duplicate samples 

 
4. CONCLUSION 
 

The protein content showed 18.71% reduction 
during processing of American wheat cultivar into 
wheat products. Processing aflatoxin 
contaminated wheat presented total aflatoxin 
decontamination of 98.0%, while the total 
aflatoxin retention was 2.0 µg/kg at 60% 
extraction. This work has demonstrated that 

while the extraction rate increased from 60 – 75 
%, the ash content and the total aflatoxin 
retention increased from 0.57 - 0.82%dm and 
2.1- 56.6% respectively. The aflatoxin 
decontamination decreased from 98.0 - 43.1% 
for the same extraction rate. 
 
Tempered wheat milled at 70% extraction 
presented this trend of percentage ash content: 
as the moisture increases from 12.5 - 15.5%, the 
ash content reduced for all the wheat products: 
wheat flour, semolina, brown flour and bran. It 
was easier for extraction and separation of 
products at 15.5% moisture than at 12.5% 
tempering.  
 
This research has demonstrated redistribution of 
total aflatoxins from the aflatoxin contaminated 
wheat used for processing into wheat products. 
There is need for processors to screen Triticum 
spp for aflatoxins before use for processing                  
into products to safeguard toxication in 
consumers.  
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