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ABSTRACT

Aim: Physicochemical properties and aflatoxins level were determined in wheat flour collected
from flour mills (FM), shops (SH), houses (HO) and tandoors (TA).

Methods: Physicochemical properties (moisture content, ash, fat, fiber, protein and Nitrogen
free extract) were tested by the standard methods. Aflatoxins level was determined by standard
protocol; using high performance liquid chromatography (HPLC) equipped with UV/VIS
detector.

Results: Aflatoxins were positively correlated with ash, fiber, protein and moisture content
whereas fat and nitrogen free extract were negatively correlated. Furthermore, proximate
analysis demonstrated moisture content ranges from 7.02 -13.88%, ash 0.51 - 0.83%, fat 0.91 -
1.6%, fiber 0.41 - 0.65%, protein 9.06 - 13.89% and NFE 70.31 - 80.98% respectively. Samples
from houses were found severely contaminated with average aflatoxins level; 14.90ug/kg
followed by 18.40, 12.55 and 15.67 pg/kg in FM, SH and TA respectively.

Conclusion: It can be concluded that high moisture content in wheat flour may be associated

with aflatoxin contamination.
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INTRODUCTION

Wheat (Triticum aestivum) is common food for man and it constitutes major source for
energy in the diet in developing countries, especially in Pakistan. It is consumed as a primary

source of proteins and carbohydrates and also a good source of minerals. It is the staple diet of
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Pakistani population and is mostly used in the form of chapatti and other wheat based products
[1]. Pakistani population consumes 80% of the total cereal intake in the form of wheat; hence
wheat is the foremost and economical source of energy [2]. It is the cheapest and principal
source of energy and protein for the inhabitants of Pakistan. The annual wheat production stood
at 21.74 million tonnes during the year 2007-08 [3].Almost 80% of this is consumed in the form
flour for making of flat breads locally known as chapattis, rotis and naan. It is a staple food and
contributes 68-75% of total food intake in daily diet for the people of Pakistan [4]. Pakistan is
one of the largest growers of wheat; it exports wheat to nearby countries after fulfilling its
requirements. Therefore it is necessary to ensure the quality and safety of wheat being exported
to other countries.
High content of gluten help in making bread or chapatti and create elastic toughness that holds its
shape well once baked staple. Wheat is the most favorite cereals used for the production of flour
due to the high content of gluten [5]. It provides upwards of 60 percent of the protein and
carbohydrate in the average diet [6, 7]. Moisture in flour is very important factor and it’s
normally ranges from 11-14 percent. When moisture content rises above 14 percent, flour is
susceptible to fungus and mold growth, flavor changes, enzyme activity, and insect infestation.
Ramesh et al relates the growth of aflatoxins with inappropriate post-harvest technology and
deprived storage conditions [8]. Another study reported that storage of baby’s food at high level
of humidity for seven days increased the fungal growth without affecting the toxin level [9].
Fungi are organisms that are found everywhere in nature and are major spoilage agents of
food and feed stuffs. Fungal flora not only spoils lot of food stuff including grains but also
produce toxins depending upon the environmental conditions favorable for their growth. Growth
of fungi on such stuffs results in the production of fungal poisonous secondary metabolites such
as mycotoxins which are associated with serious health disorders, characterized by nephrotoxity,
immunotoxic, teratogenic and mutagenic, which can cause acute and chronic in man and animals
ranging from central nervous system disorders, cardio vascular problems and pulmonary system
disorders to death [10]. Ghasemi-Kebria et al. assessed aflatoxins in wheat flour in high and low
esophageal cancer risk areas and reported a positive relationship in aflatoxin, wheat flour and
esophageal cancer [11]. Tropical and subtropical regions of the world are more adversely
affected with aflatoxins, where climatic conditions of temperature and relative humidity favor

the growth of Aspergillus flavus and A. parisiticus. In developing countries, poor conditions of
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food storage is of great concern with fungal growth and its metabolites (mycotoxins) and this
causes serious health hazards, threats to food security and international trade. Therefore fungal
and mycotoxin contamination should be monitored periodically in order to meet the international
regulatory standards. In climate like Pakistan, the shelf life of flour is a serious problem and due
to weather conditions, it is inevitable to explore proper moisture content to overcome existing
dilemma, the present study was conducted to investigate the physicochemical properties and

aflatoxin level in wheat flour produced by certain species of molds.

MATERIALS AND METHODS
Sampling

Wheat flour samples were collected in the months of August and September, from ten
(10) flour mills (FM), shops (SH), houses (HO) and tandoors (TA) each, from Peshawar city,
Khyber Pakhtunkhwa (KP), Pakistan, according to standard procedure [12]. Specimens were
packed in sterile polythene bags and transported to the laboratory of Food Science Division,
Nuclear Institute for Food and Agriculture (NIFA), Tarnab, Peshawar stored at 4°C for further
studies.
Proximate analyses of wheat flour

Proximate analyses of collected specimens were conducted for moisture content, ash, fat,
fiber and protein according to the standard method [13]. Nitrogen free extract (NFE) was

calculated by subtracting all the percentage values from 100.

Moisture and Ash determination

Moisture and ash were determined through oven dehydration method [13].

Crude fat determination
Crude fat was determined through soxhlet apparatus according to method no. 30-10.01
[13].

Crude fiber determination
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Crude fiber was determined through method no. 32-10.01 [13].

Crude protein determination
Nitrogen present in each sample was estimated by using Kjeldahl method as described by
method no. 46-10.01 [13].

Nitrogen free extract

NFE (represent the digestable carbohydrates) was calculated by subtracting all the

percentages including moisture, ash, crude fat, crude protein and crude fiber from 100 [14].

Determination of aflatoxins

Aflatoxins level was determined following the standard protocol as previously described
[15], using high performance liquid chromatography (HPLC). The instrument was equipped with
reversed phase C18 column (Brownlee Analytical), Isocretic pump (Perkin Elmer series 200) and
UV/VIS detector. HPLC peak quantification was carried out by using Total Chrom software
(Version 6.3.2). All the solvents used for analysis were of analytical grade.

The elution solvent system was used as water/methanol/acetonitrile (50/40/10, viviv)
[16]. Ten microliter (10ul) elute was injected to HPLC. The flow rate was adjusted to 1ml per
minute and detected through UV detector (365nm). The response was recorded in the form of
peaks and compared to the peaks obtained from the standard. The results were calculated through

software.

Statistical Analysis
Statistical analysis was carried out by using Statistical software Statistix® 1.8. Least

Significant Difference (LSD) test was employed to separate means at 5% level of probability.

RESULTS AND DISCUSSIONS
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Proximate composition of wheat flour

The current results obtained from proximate analysis were in accordance with earlier
finding [18] and demonstrated moisture, ash, fat, fiber, protein and nitrogen free extract 7%,
1.50%, 3.60%, 4.50%, 13.9% and 69.50% respectively.

Moisture and Ash Contents

Average moisture contents (%) of wheat flour collected from FM, SH, HO and TA was
9.52, 9.71, 9.55 and 8.03% respectively (Fig. 1). The highest moisture content was observed for
FM sample (6) which was 13.88 % while the lowest value was observed for TA sample (9)
which was 7.03 %. The results obtained from this study are in relevance to the earlier findings
[19] and they reported 8.83% moisture content in wheat flour. Study on the proximate
composition of wheat flour and soy flour composite breads showed an increase in moisture
content. Increase in moisture content has been associated with increase in fiber content [20, 21,
22]. High moisture content has been associated with short shelf life of composite breads as they
encourage microbial proliferation that lead to spoilage [23].
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Fig. 1. Moisture content (%) in wheat flour samples collected from different sources, where 1
(FM), 2 (SH), 3(HO) and 4 (TA).
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Results showed the average ash contents 0.64, 0.57, 0.59 and 0.67% for FM, SH, HO and
TA respectively (Fig. 2). The highest value observed was for TA sample (6) which was 0.86%
and lowest value was observed for FM, SH sample (3) and HO sample (5) which was 0.51%.
Statistical analysis showed that the means of treatment TA had a significant effect (p=0.02) on
ash content in wheat flour. The results obtained from the study are in close conformity to the

earlier study [24] and they reported a range of 0.52% - 0.67% ash content in commercial wheat

flour.
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Fig. 2. Ash contents (%) in wheat flour samples collected from different sources, where 1 (FM), 2
(SH), 3(HO) and 4 (TA).

Fat Content

Results showed 0.95, 1.43, 1.19 and 1.12 % average fat contents for FM, SH, HO and TA
respectively (Fig. 3). Highest value was observed for SH sample (10) and TA sample (9) which
was 1.6% while lowest value was observed for FM sample (3, 4) and HO sample (5) which was
0.91%. Statistical analysis of the obtained data showed that treatment SH had a significant effect
(p=0.00) on the fat content of wheat flour. The results obtained from the study are similar to the

earlier published results [24]. They reported a range of 0.94% - 1.15% fat content in commercial
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wheat flour. The proximate composition of pita bread was determined and wheat flour used in
the preparation of major types of bread in Kuwait. A significant loss in fat was noted in bread as

compared to the flour [25].
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Fig. 3. Fat content (%) in wheat flour samples collected from different sources, where 1 (FM), 2
(SH), 3(HO) and 4 (TA).

Fiber Content

Highest value for fiber content was observed for FM sample (1) i.e. 0.65% while lowest
value was observed for SH sample (2) which was 0.41%. Statistical analysis showed that
treatment TA had a significant effect (p= 0.13) on fiber content of wheat flour. The average
values for fiber contents were 0.53, 0.52, 0.49 and 0.55% respectively. The results obtained from
the study are in close conformity to the results of Ahmad et al. [23] who reported a range of
0.40% - 0.60% crude fiber content in commercial wheat flour. The crude fiber most likely from
the bran of the whole-wheat flour and the hull of soy beans, represents variable fraction of
dietary fiber and includes mostly the lignin, cellulose and hemicelluloses components [26, 27].

According to well-documented studies, it is now accepted that dietary fiber plays a significant
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role in the prevention of several diseases such as; cardiovascular diseases, diverticulosis,
constipation, irritable colon, cancer and diabetes [28, 21].
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Fig. 4. Fiber content (%) in wheat flour samples collected from different sources, where 1 (FM), 2
(SH), 3(HO) and 4 (TA).

Protein Content

Data collected for protein content of wheat flour samples ranges between 9.06-13.89%.
Highest value was observed for SH sample (6) i.e. 13.89 and lowest value was observed for SH
sample (8) which was 9.06%. The average values for protein contents were 11.48, 11.62, 10.78
and 11.90% respectively. Statistical analysis showed that there was no significant difference (p=
0.39) among the means of different treatments. The results obtained from the study are similar to

the earlier published results and they reported a range of 10.32% - 11.58% protein content in
commercial wheat flour [24].
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Fig. 5. Protein content (%) in wheat flour samples collected from different sources, where 1 (FM),
2 (SH), 3(HO) and 4 (TA).

Nitrogen Free Extract (NFE)

Data collected for nitrogen free extract (NFE) ranges between 70.31-80.98 %. The
highest value was observed for HO sample (5) which was 80.98% while the lowest value was
observed for SH sample (4) as 70.31%. The average values were 76.85, 76.13, 77.38 and 77.70%
for FM, SH, HO, and TA respectively (Fig. 6). Statistical analysis showed that there was no
significant difference (p=0.57) between the means of different treatments. The results obtained
from the study are similar to the earlier published results and they reported a range of 74.62% -
77.74% NFE content in commercial wheat flour [24].
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Fig. 6. NFE content (%) in wheat flour samples collected from different sources; where 1 (FM), 2
(SH), 3(HO) and 4 (TA).

Afflation Content of Wheat Flour

Aflatoxin level measured ranges between 00.00 — 34.81 pg/kg. Highest values was
observed in samples (9) collected from houses (HO) i.e. 34.81 pg/kg while the lowest value was
observed in HO sample (1) and SH sample (5, 10) as 00.00 pg/kg but the average values were
18.40, 12.55, 14.90, 15.67 pg/kg for FM, SH, HO and TA respectively (Fig-7). Statistical
analysis showed that there was no significant difference (p= 0.44) among the means of various
sources. Results obtained from aflatoxins analysis are similar to the results as that obtained by
Makuan et al. [29]. They reported that wheat samples contained 16.2-274ug/kg aflatoxins.
Fungal growth and mycotoxin contamination are dependent on climate and storage conditions
and therefore vary with locations, with hot and humid climate, poor storage conditions and poor
agricultural practices exacerbating fungal and mycotoxin contents in foods and feedstuffs
[30](Ominski et al., 1994). Aflatoxin B1 (AFB1)concentrations in the beans (59.29 + 14.85
ug/kg) and wheat (85.66 + 16.19 ug/kg) analyzed were above the National Agency for Food and
Drug Administration and Control (NAFDAC) and European Union (5 ug/kg) tolerance level for
aflatoxin in grains for human consumption. The chronic consumption of these crops with unsafe
levels of AFB1, is immunosuppressive, nephrotoxic and hepatocarcinogenic, has grievous public

health implications which calls for control and regulation of mycotoxins in the country [31, 32,
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33]. The desired control of mycotoxins can be achieved by reducing fungal contamination of
crops by rapid drying and correct storage of the harvested crops using effective anti-mould
preservatives. Properly designed, mycoflora and mycotoxin surveys and monitoring
programmers can reduce the fungal and mycotoxins in our foods. It is high time Nigeria enforced

the legislation against mycotoxins.
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Fig. 7. Aflatoxins level (ug/Kg) in wheat flour samples collected from different sources.

CONCLUSION

Wheat flour samples collected from the local areas of Peshawar city were investigated for
physico-chemical analysis and aflatoxin content. Proximate analysis of the samples was carried
out in order to determine the correlation between the wheat flour compositions with aflatoxins.
Results showed a positive correlation among ash, fiber, moisture content and protein to
aflatoxins, while the correlation was negative among fat and nitrogen free extract to aflatoxins.
Proximate analysis of wheat flour samples showed moisture content from 7.02% -13.88%, ash
0.51% - 0.83%, fat 0.91% - 1.6%, fiber 0.41% - 0.65%, protein 9.06% - 13.89% and NFE
70.31% - 80.98% respectively. Analysis showed that samples collected from HO were heavily
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contaminated with aflatoxins i.e. 34.81ug/kg (average 14.90) followed by 30.54ug/kg (average
18.40), 27.31ug/kg (average 12.55) and 26.65ug/kg (average 15.67) in FM, SH and TA

respectively, which indicated the level of aflatoxins beyond the safe limit prescribed by FDA

(20ug/kg). The average aflatoxin content was 15.38ug/kg. It is concluded that storage of wheat

with high moisture content had most probable risk of contamination through toxins so that the

grains must be stored at lowest safe moisture level and in dry non-humid conditions.
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