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Abstract: Aflatoxins (AFs) are secondary metabolites toxic to humans as well as animals. The
environmental conditions, conventional agricultural practices, and illiteracy are the main factors
which favor the production of AFs in food and feed. In the current study 744 samples of vegetable
seeds and oils (soybean, sunflower, canola, olive, corn, and mustard) were collected and tested
for the presence of aflatoxin B1 (AFB1) and total AFs. Liquid-liquid extraction was employed
for the extraction of AFs from seeds and oil samples. Reverse phase high performance liquid
chromatography equipped with fluorescence detection was used for the analysis. The results have
shown that 92 (56.7%) samples of imported and 108 (57.0%) samples of local edible seeds were
observed to be contaminated with AFs. All samples of edible seeds have AFB1 levels greater than
the proposed limit set by the European Union (EU, 2 µg/kg) and 12 (7.40%) samples of imported
seeds and 14 (7.40%) samples of local seeds were found in the range ≥ 50 µg/kg. About 78 (43.3%)
samples of imported edible oil and 103 (48.3%) sample of local edible oil were observed to be positive
for AFs. Furthermore, 16 (8.88%) and six (3.33%) samples of imported vegetable oil have levels of
total AFs in a range (21–50 µg/kg) and greater than 50 µg/kg, respectively. The findings indicate
significant differences in AFs levels between imported and local vegetable oil samples (t = 22.27 and
p = 0.009) at α = 0.05 and a significant difference in AFs levels were found between vegetable seeds
and oil samples (t = −17.75, p = 0.009) at α = 0.05. The highest dietary intake was found for a local
sunflower oil sample (0.90 µg/kg/day) in female individuals (16–22 age group). The results have
shown considerably high levels of AFB1 and total AFs in seeds and oil samples and emphasise the
need to monitor carefully the levels of these toxic substances in food and feed on regular basis.

Keywords: AFB1; AFs; vegetable seeds; vegetable oils; dietary intake

1. Introduction

In the current century, edible vegetable oils are preferred over animal oils during
frying of food or for use in food handling industries due to health issues. Important human
nutrients such as energy, vitamins, fat soluble and essential fatty acids are supplied by
oils [1]. Consumers use edible oils in daily life because they have functions in preventing
arteriosclerosis and reducing blood lipids [2,3]. Increasing awareness and the health
benefits of using vegetable oils have boosted their demand and consumption worldwide,
especially in developed countries [4]. Worldwide, the most highly popular oils are maize
oil, olive oil, peanut oil and sunflower oil, and the consumption rates of these oils is
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rising. The U.N. Food and Agriculture Organization (FAO) [5] has estimated the total
utilization of oil and fats worldwide in 2020/21 was 244.8 million tons. China is the
leading producer of oilseeds, with some 2.63 million tons, followed by Pakistan and
Malaysia, with 55.8 thousand tons and 20.2 thousand tons, respectively [6]. According to
a report, from 2001 through 2011, the projected mean global per capita consumption of
vegetable oils was 10.71 kg, which is 1.24 kg higher than vegetable oil consumption from
the previous decade [7]. The per capita edible oil consumption of Pakistan is about 17 kg,
and in 2017 the total consumption of oil and fats was about 4.41 million tons. Pakistan
imported about 2.7 million tons of edible oil in 2015, which rose to 3.05 million tons in
2017 [8]. The increasing trend in the utilization of vegetable oil has attracted the attention
of regulatory authorities and agencies to check on its safety and quality [9]. The processing
and handling of oil during its production, packaging, transportation and storage could
cause contamination, furthermore with innovation in industrial processing, traditional
agricultural practices, environmental pollution and climatic conditions may cause the
presence of new toxic residues in edible oils [10].

The contamination of food and food products with aflatoxins (AFs) is a global food
safety concern [4]. AFs are recognized as dangerous and toxic natural compounds. The
AFB1 subclass of AFs is recognized as the most toxic and carcinogenic [11–13]. Fungi like
Aspergillus flavus, Aspergillus nomius, and Aspergillus parasiticus are the primary producers
of aflatoxins [14]. These fungi can contaminate various food and food products, e.g.,
vegetables, fruits, cereals, spices, and cattle feed [15,16]. Considering its toxicity, AFB1
has been categorized as a group 1 carcinogen by the International Agency for Research
on Cancer [17], and it mainly affects the liver [18]. Geographically, Pakistan is placed in
the list of tropical countries of the world, and therefore the climatic conditions may be
favorable for fungal metabolite production [19]. High temperature and humidity levels
are conducive for the growth of aflatoxigenic fungi. High levels of toxic compounds like
AFs in foods or vegetables could be easily transferred to final edible oil foodstuffs from
the seeds [20]. Furthermore, the pre-harvest and post-harvest stages, primarily due to
inadequate storage conditions, are mainly responsible for contaminating food products due
to fungi [21,22]. The climatic conditions are considered significant too for the production of
fungi in food products [23,24]. There were numerous surveys worldwide that account for
the contamination of AFs in vegetable oils [4,20,25–28]. In Pakistan, no previous studies
have conducted on the occurrence of AFs in edible oils. However, a high incidence of
AFs was reportedly present in feed samples (cereal products) [29] and more recently in
animal feed [30]. In a previous study, a high incidence of AFs, i.e., in 180 (43.4%) samples
of edible seeds from the winter season and 122 (33.4%) samples from the summer season
was found [31].

Therefore, this study was designed to investigate the levels of AFB1 and total AFs in
edible vegetable oils, to compare the levels with EU recommended limits, and to estimate
the possible dietary intake in the local population. The findings of the current research
will help to understand the toxicity of AFs in vegetable oils, to generate data about their
incidence, and help to implement strict regulations in Pakistan.

2. Materials and Methods
2.1. Sample Collection

Three fifty-one (351) samples of edible seeds and 393 samples of edible oilseeds (sun-
flower, soybean, canola, olive, corn and mustard) were gathered from markets, superstores,
and farmers from the central cities of Punjab, Pakistan during May 2019 to August 2019.
The imported samples were named those imported from other countries, and local ones
were produced locally. These imported sunflower seeds samples were collected from five
different brands, seven different brands for soybean, eight different brands of canola, olive
and corn samples and four brands for mustard in the main cities of Punjab in Pakistan
(Lahore, Faisalabad, Gojira and Islamabad) and subsequently the oil was extracted (Soxhlet
apparatus) from these samples and labeled accordingly as shown in Figure 1. The sample
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size was maintained from 1 kg to 5 kg, each. A simple random methodology (each portion
or lot has equal chance to be included) was used for collecting edible seed samples from
farmers, markets, and superstores. The gross samples were collected by hand and then
homogenized and properly labelled was done. The size of each brand must ensure to be
greater than n = 20, to be assumed to represent normal distribution. All samples were
stored in polythene zip bags or airtight plastic bottles. All the samples of seeds and oil
were stored at room temperature (25–30 ◦C) in the dark.

Figure 1. Edible seeds and oils samples distribution with respect to different brands.

2.2. Chemicals and Reagents

The standards of AFB1, AFG1 (2 µg/mL in acetonitrile) and AFB2 and AFG2 (0.5 µg/mL
in acetonitrile), methanol, acetonitrile (HPLC grade), hexane, sodium chloride, chloroform,
anhydrous sodium sulfate, dichloromethane, HCl and trifluoroacetic acid (TFA) were
obtained from Sigma-Aldrich (Steinheim, Germany). Furthermore, double-distilled water
(Millipore, Bedford, MA, USA) was used throughout the analysis.

2.3. Extraction of Aflatoxins from Seed Samples

The extraction of AFs from edible seed samples was performed following the literature
methods [32,33]. The sample (25 g) was mixed in methanol:water (55:45 v/v, 125 mL),
hexane (100 mL) and NaCl (2 g) and homogenized using an orbital shaker for 15 min. Then
Whatman No.1 filter paper was used to filter the solution. After filtration, the filtrate was
left for 30 min to form two phases. The lower 25 mL of the aqueous methanol phase was
transferred into a separatory funnel, and 10 mL of chloroform was added. This process
was repeated three times in the separatory funnel. Two layers formed, and the chloroform
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layer was drained into a 250 mL beaker and dried using anhydrous sodium sulfate. Then,
the final solution was evaporated over a water bath to near dryness.

2.4. Extraction of Aflatoxins from Oil Samples

The method for AFs extraction in edible oil samples was carried out as explained by
the AOAC Official Method 2013.05 [34]. With some modifications, 50 mL of oil sample was
mixed in 250 mL of methanol-water (55–45 v/v) with the addition of 50 mL of 0.1 N HCl
and centrifuged at a speed of 4500 rpm. The mixture was filtered with Whitman filter paper,
and 50 mL of the filtrate was placed in the separatory funnel and mixed with 50 mL of 10%
NaCl and 50 mL of hexane and shaken vigorously for 30 s. The aqueous lower layer was
drained into another separatory funnel, and 3–25 mL of dichloromethane was added and
the mixture shaken vigorously and allow it to stand for 5 min. Then the dichloromethane
layer was collected and evaporated on a water bath to dryness.

The derivatization of both seed and oil samples were carried out using 100 µL of TFA
in dried oil or seed samples and vortex for 30 s. Then the sample was left for 5 min in a
dark place. Finally, 400 µL mixture of acetonitrile-water (1:9 v/v) was added to the vials,
and 20 µL of solution was subjected for HPLC analysis.

2.5. HPLC Conditions

The research was conducted to investigate the incidence of AFs on a Model-LC-10A
HPLC instrument (Shimadzu, Kyoto, Japan) equipped with a C18 column (250 mm × 4.6 mm,
5 µm) (Discovery, HS, Bellefonte, PA, USA) equipped with a fluorescence detector (Model
RF-530). The polar isocratic reverse mobile phase consisted of acetonitrile, water and acetic
acid (50:40:10 v/v/v) pumped at a flow rate of 1 mL/min. The emission wavelength (440 nm)
and excitation wavelengths (365 nm) of the fluorescence detector were set before the analysis.

2.6. Dietary Intake Estimations

The dietary intake analysis was performed following the method depicted by
Iqbal et al. [35], the estimated daily intake (EDI) is calculated as:

Dietary intake (µg/kg/day) =
Consumption of oil (mL) × Mean levels of total AFs (µg/kg)

Average weight (kg) of individuals

The intake data was obtained by administering a food frequency questionnaire (avail-
able in the Supplementary Material) to 645 participants of which 509 responded and
returned the information about their oil use for different cooking food items. The ques-
tionnaire examined every aspect of oil consumption, dietary supplements, and utilization.
The bodyweight of the participants was 61 ± 11 kg. Written consent was obtained from
each participant who were assured their information would not be made public. All ethical
guidelines have been adopted during questionnaire completion. The participants were
consumers and their dietary habits and seasoning effects was not considered, which might
affect the results.

2.7. Statistical Analysis

The findings of the current research were analyzed statistically and the results pre-
sented as mean ± standard deviations. The calibration curves of seven-points were con-
structed for each AFs using simple linear regression/correlation analysis, and coefficient
of determination and straight-line equations were calculated. The significant difference
among the levels of AFs in imported and local samples and edible seeds and oil samples
were verified applying paired t-test (α = 0.05) SPSS (IBM, Chicago, IL, USA). The method
was evaluated in terms of linearity, reproducibility, repeatability, recovery analysis, detec-
tion limits (LOD), and the limit of quantification (LOQ). Three known concentrations of
AFB1 and aflatoxin G1 (AFG1) (1, 6, and 10 µg/kg) and aflatoxin B2 (AFB2), and AFG2
(1, 4, and 8 µg/kg) were added in a mixture of samples of edible oils (all five oils samples
with equal volume), which have detection levels of all four AFs < LOD.
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3. Results and Discussion
3.1. Quality Control Parameters

The mean recovery values (each in triplicate) ranged from 74.5% to 96.5%, with a
relative standard deviation (RSD) that varied from 9% to 21.5%, as shown in Table 1. A
calibration curve (seven points) was constructed to confirm the linearity of each AFs’
response, i.e., for AFB1 and AFG1 (1, 10, 20, 60, 80, 100, 140 µg/kg) and AFB2 and AFG2 (1,
4, 8, 16, 20, 25 and 30 µg/kg). The curves were linear, with a coefficient of determination
(R2) ≥ 0.99. The detection limits (LOD) of AFB1 and AFG1 were 0.08 µg/kg, and LOQ was
0.24 µg/kg. However, the LOD and LOQ for AFG2 and AFB2 were 0.07 and 0.21 µg/kg,
respectively. The repeatability and reproducibility have also been calculated. In the
previous study, the linearity range for AFB1 and AFG1 was 1 to 80 µg/kg and 0.5 to
12 µg/L for AFB2 and AFG2, in agreement to current study. The LOD and LOQ were
0.04 and 0.12 µg/kg for AFB1 and AFG1 and 0.6 and 0.18 µg/kg for AFG2 and AFB2,
respectively [36]. The peaks of individual AFs are separated quite efficiently. The standard
chromatogram showing the retention time of four individual AFs (Figure 2A); The natural
incidence of four AFs in sunflower sample (Figure 2B); and the presence of individual AFs
in mustard seed sample (Figure 2C) are represented.

Table 1. Validation parameters of aflatoxins in edible seeds and oil samples.

Mycotoxins
Fortified

Level
(µg/kg)

Recovery
%

RSD
%

Retention
Time
(min)

R2 LOD
(µg/kg)

LOQ
(µg/kg)

Precision

Repeatability
(n = 5)
RSD%

Reproducibility
(n = 5)
RSD%

AFG1

1 84.5 9.0
7.074 ± 0.017 0.9910 0.08 0.24 14 116 91.4 13.5

10 90.5 14.0

AFB1

1 82.5 12.0
9.530 ± 0.026 0.9920 0.08 0.24 18 126 94.5 10.0

10 96.5 21.5

AFG2

1 74.5 18.5
8.150 ± 0.021 0.9980 0.07 0.21 19 104 89.4 11.5

8 91.5 16.5

AFB2

1 78.5 12.5
11.175 ±

0.037
0.9985 0.07 0.21 13 144 94.6 11.1

8 90.5 14.0

RSD = relative standard deviation, LOD = limit of detection, LOQ = limit of quantification; R2 = coefficient of determination; Repeatability
and reproducibility are given as mean percent RSD (%).



Int. J. Environ. Res. Public Health 2021, 18, 8015 6 of 12Int. J. Environ. Res. Public Health 2021, 18, x 6 of 12 
 

 

 

 

 

Figure 2. The presence of standard of all four AFs (A); the natural occurrence of AFs in sunflower sample (B); The presence
of AFs in mustard seed sample (C). Pink and blue lines are chromatogram, pink lines shows baseline.
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3.2. Occurrence of AFs in Edible Seeds and Oil Samples

The results have revealed that 92 (56.7%) samples of imported and 108 (57.0%) sam-
ples of local edible seeds were observed to be contaminated with AFs. The maximum
average amount of AFB1 and total AFs in local soybean seeds were 21.01 ± 4.70 and
36.37 ± 6.10 µg/kg, respectively. The amount of 13.29 ± 3.50 and 20.42 ± 5.20 µg/kg
was found for AFB1 and total AFs in imported sunflower seed samples, respectively, as
shown in Table 2. Furthermore, all edible seeds samples have levels of AFB1 greater than
the proposed EU limit (i.e., 2 µg/kg). On the other hand, 12 (7.40%) samples of imported
and 14 (7.40%) samples of local seeds were found in the range ≥ 50 µg/kg, as shown
in Figure 2A. About 393 samples of edible oil, of which 180 samples were imported, and
213 samples were local, were investigated for the incidence of AFB1 and total AFs, as shown
in Table 3. The 78 (43.3%) samples of imported and 103 (48.3%) samples of local edible
oils were positive with AFs. The maximum average amount of AFB1 (14.29 ± 2.51 µg/kg)
and total AFs (25.61 ± 7.50 µg/kg were documented in local samples, and the amount of
6.94 ± 1.90 and 12.71 ± 4.30 µg/kg were documented in imported soybean oil samples,
respectively. About 46.6% samples of sunflower oil have levels of total AFs in a range of
(21–50 µg/kg) as shown in Figure 3A. Furthermore, 66.6% samples of soybean oil produced
locally have concentrations of total AFs in a range of ≥50 µg/kg, as shown in Figure 3B.
There existed a higher level of AFs in locally produced vegetable oil samples compared to
imported samples (t = 22.274 and p = 0.009) at α = 0.05. A significant difference in levels of
AFs in seeds compared to oil samples were found (t = −17.75, p = 0.0009) at α = 0.05.

Table 2. Occurrence of AFB1 and total AFs in edible vegetable seed samples from imported and local origin.

Sample
Category

Local Samples

Total
Sample

Positive
Samples AFB1 Total AFs Total

Samples
Positive
Samples AFB1 Total AFs

N N (%) Mean
(µg/kg) ± S.D.

Mean
(µg/kg) ± S.D. N N (%) Mean

(µg/kg) ± S.D.
Mean

(µg/kg) ± S.D.

Sunflower 25 18 (72.0) 13.29 ± 3.5 20.428 ± 5.2 32 20 (62.5) 14.23 ± 3.6 20.27 ± 5.4
Soybean 15 7 (46.6) 10.36 ± 4.1 18.42 ± 4.6 12 9 (75.0) 21.01 ± 4.7 36.37 ± 6.1
Canola 28 14 (50.0) 9.30 ± 2.4 16.23 ± 3.7 34 18 (52.9) 13.29 ± 5.6 20.05 ± 5.9
Olive 22 8 (36.3) 5.74 ± 2.5 9.48 ± 1.6 20 10 (50.0) 11.24 ± 2.5 16.50 ± 5.4
Corn 38 25 (65.7) 10.16 ± 4.3 16.08 ± 2.9 45 28 (62.2) 12.80 ± 5.3 19.92 ± 3.5

Mustard 34 20 (58.8) 6.41 ± 2.7 12.95 ± 3.5 46 23 (50.0) 8.74 ± 4.5 13.88 ± 4.6
Total 162 92 (56.7) 189 108 (57.0)

The data in parenthesis represent the percentage of total analysed samples; LOD = limit of detection.

Table 3. Occurrence of AFB1 and total AFs in vegetable oil samples from imported and local origin.

Sample
Category

Local Samples

Total
Sample

Positive
Samples Mean AFB1 Mean AFs Total

Samples
Positive
Samples Mean of AFB1 Mean of AFs

N N (%) (µg/kg) ± S.D. (µg/kg) ± S.D. N N (%) µg/kg ± S.D. µg/kg ± S.D.

Sunflower 20 12 (60.0) 5.93 ± 2.3 11.16 ± 2.9 25 15 (60.0) 8.7 ± 3.2 15.1 ± 4.3
Soybean 18 9 (50.0) 6.94 ± 1.9 12.71 ± 4.3 15 10 (66.0) 14.29 ± 2.5 25.61 ± 7.5
Canola 42 18 (42.8) 4.87 ± 1.8 9.25 ± 3.4 50 22 (44.0) 7.41 ± 3.4 11.80 ± 3.5
Olive 20 8 (40.0) 4.38 ± 2.4 7.47 ± 2.4 18 8 (44.0) 8.51 ± 3.5 12.78 ± 5.3
Corn 45 10 (22.0) 2.43 ± 1.9 3.98 ± 1.5 55 20 (36.3) 6.34 ± 2.8 8.83 ± 2.8

Mustard 35 21 (60.0) 5.69 ± 2.4 11.56 ± 1.9 50 28 (56.0) 7.71 ± 1.8 13.43 ± 4.6
Total 180 78 (43.3) 213 103 (48.3)

The data in parenthesis represents the percentage of total analysed samples; LOD = limit of detection.
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Figure 3. (A): The percentage of samples having total levels of AFs in (n ≤ 20 µg/kg), (21–50 µg/kg) and (n ≥ 50 µg/kg) in
imported and local vegetable seed samples. (B): The percentage of samples having total levels of AFs in (n ≤ 20 µg/kg),
(21–50 µg/kg) and (n ≥ 50 µg/kg) in imported and local vegetable oil samples.

High incidence and higher levels of AFs than the current study’s findings were
reported from Iran by Beheshti and Asadi [37]. They observed 111 (64%) out 173 samples
of sunflower and safflower were found to be contaminated with AFB1 and 103 (83.7%)
samples of safflower seeds with a mean of 2.81 to 0.44 ng/g and eight (16%) samples of
sunflowers with a mean of 40.68 ng/g were contaminated with AFB1. However, only five
and two samples of sunflower and safflower seed were levels higher than the EU limit
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(2 µg/kg), respectively. Similarly, from the same geographical region, i.e., from Sri Lanka,
Karunarathna et al. [4] have analyzed 59 vegetable oil samples (43 imported and 16 local)
from seven different categories (coconut, palm, olein, sunflower, olive, sesame, soybean
and corn soil). They documented that 12 (37.5%) out of 32 coconut samples were observed
to be contaminated with AFs. They documented that AFB1 and total AFs ranged from
2.25 to 72.70 µg/kg and 1.76 to 60.92 µg/kg, respectively, and two out of 12 oil samples
with levels that exceeded the EU’s high permitted limit of 2 µg/kg, for AFB1. Mohammed
et al. [38] have studied 40 samples of sunflowers seeds and 21 samples of unrefined oils of
sunflowers from Tanzania, and found that six (15%) samples were discovered to be infected
with AFB1, ranging from LOD to 218 ng/g, comparatively higher than the findings of
the present study. Only three samples have levels greater than the Tanzanian Bureau of
Standards (TBS) and EC/EU permissible limit.

However, studies documented a high occurrence of positive samples with AFs con-
tamination but with low AFs concentrations. Banu and Muthumary [25] have shown that
10 (43.4%) out of 23 samples of sunflower oil from India, were observed to be contaminated
with AFB1, and all refined oil samples have levels lower than LOD. Ferrracane et al. [26]
have studied virgin olive oil samples from Europe, i.e., from Italy and Morocco, and found
that only three (10%) out of 30 samples of olive oil was found to be contaminated with
AFB1 along with ochratoxin A; ranging between 0.54 to 2.50 ng/g. Mariod and Idris [27]
documented that 54.8% of samples of groundnuts and 14.5% (out of eight) sunflower oil
samples from Sudan, were found to be contaminated with AFB1. Nabizadeh et al. [39] have
examined 97 edible oil samples of six categories (olive, sunflower, canola. blends, frying,
unrefined olive oil). They observed that 98% of samples showed levels of AFB1 lower than
LOD and all the positive samples with AFs were within the EU regulations 20 µg/kg. In
Pakistan, Shar et al. [40] have observed the natural occurrence of AFB1 in 110 samples of
cotton seeds and fount the maximum level of AFB1 in cottonseed cakes, i.e., 89 µg/kg.

Edible oil and groundnuts are considered important cash crops in many parts of
the world. However, due to the adoption of old conventional agricultural practices and
illiteracy among farmers and traders regarding toxigenic fungi, makes the safety and
quality of crops questionable. Edible oils (olives, sunflower, coconut) are often stored for
long periods of time under non-ideal conditions e.g., in contact with the ground, moisture,
in jute bags, etc. The extended storage period promotes the growth of molds, favoring
toxicogenic mold colonization according to Yassa et al. [41]. Environmental conditions like
drought might affect the crops during the preharvest phase and could produce fungi like
Aspergillus. That is why it becomes unfit for human or animal consumption [42]. Under
favorable conditions of temperature and humidity, these fungi grow on certain foods and
feed products and thus produce secondary metabolites like mycotoxins. High humidity
and temperature should be controlled, which is a severe problem in tropical countries, like
Pakistan, to avoid aflatoxigenic fungi growth [20]. Furthermore, the variation in results of
AFs in food depends on various factors, like the analytical methods used, environmental
conditions, crops and harvesting practices. Adopting good harvesting practices, and good
storage practices might minimize the presence of aflatoxigenic fungi in food and products.

3.3. Estimation of Dietary Intake in Sunflower Oil Samples

The estimation of dietary intake of total AFs in sunflower oil samples in different age
groups of male and female individuals is presented in Table 4. Sunflower oil is the most
consumed vegetable oil in Pakistan, and therefore a more realistic approach was to estimate
dietary intake from this oil. The highest dietary intake was found in a local sunflower
oil sample (0.90 µg/kg/day) in female individuals (16–22 age group), followed by the
dietary intake of 0.69 µg/kg/day body weight in the male group (16–22 age group). The
results have shown that high dietary intake values were found in both male and female
individuals of the 16–22 years of age group. The local sunflower oil samples have shown
the highest dietary intake levels in both male and female individuals. No comparative
data to correlate the results of the present study was found. The high dietary intake levels
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of total AFs consuming sunflower could cause severe effects on the health of consumers,
because the country already has insufficient health facilities. However, neglecting the
dietary patterns, seasons and traditional eating habits of participants might alter the results
of dietary intake assessments.

Table 4. Estimation of dietary intake (µg/kg/day) for total AFs in sunflower oil samples.

Category Type
Males Females

Age Groups Age Groups

16–22 23–32 ≥33 16–22 23–32 ≥33

Imported Consumption mg/day 2.7 2.2 2.1 2.5 2.1 1.9
AFs mean level (µg/kg) 11.16 11.16 11.16 11.16 11.16 11.16

Dietary Intake µg/kg/day 0.49 0.32 0.25 0.57 0.43 0.33
Local Consumption mg/day 2.8 2.4 2.1 2.9 2.2 2.0

AFs mean level (µg/kg) 15.1 15.1 15.1 15.1 15.1 15.1
Dietary Intake µg/kg/day 0.69 0.48 0.33 0.90 0.58 0.45

Exposure of dietary intake = mean contamination level × per capita consumption/average weight.

4. Conclusions

The study documented considerably high AFB1, and total AFs in vegetable seeds and
oil samples from imported and locally produced samples. The results might drastically
affect the consumption of locally grown vegetable oils. Regular monitoring of food and
feed samples and organizing workshops for farmers, traders, and exporters might help
create awareness about the toxic nature of AFs. Currently, the Punjab Food Authority has
started to monitor food safety and quality, which is a good initiative.

In the end the following recommendations could be helpful for farmers, traders,
exporters, and consumers. It is mostly observed that during transportation or storage, the
seeds were stored in jute bags, which may absorb moisture from the environment and
provide favorable conditions for fungus formation in food. Monitoring the moisture and
humidity levels are essential during transportation and storage. Furthermore, the seeds
should be stored in polyethylene bags. More fungal-resistant crop cultivars should be
preferred. In the future, more comprehensive research as a function of environmental
conditions (moisture and humidity) is adequate to understand the fundamental questions
of fungal growth and mycotoxin production.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph18158015/s1.

Author Contributions: Formal analysis, M.W. & W.P.; software, S.U., N.B.A.; data collection, M.R.A.;
Review & Editing, S.Z.I. and A.F.A.R.; Conceptualization S.Z.I.; Supervision, S.Z.I.; Writing—review
& editing S.Z.I., T.A., and A.F.A.R. All authors have read and agreed to the published version of
the manuscript.

Funding: The funding has provided by Higher Education Commission, Islamabad (NRPU-5574).
The APC was provided by Universiti Putra Malaysia.

Institutional Review Board Statement: The data was not required Institutional Review Board
Statement, however statement from participants about ethical guidelines and their consent has
been taken.

Informed Consent Statement: The consent of ethical guidelines from the participants has been taken.

Data Availability Statement: The data will be available, when requested.

Acknowledgments: The authors were highly obliged by the analytical facilities provided by NIAB,
Faisala-bad, and the financial support provided by HEC, NRPU-5574, Islamabad, Pakistan.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/ijerph18158015/s1
https://www.mdpi.com/article/10.3390/ijerph18158015/s1


Int. J. Environ. Res. Public Health 2021, 18, 8015 11 of 12

References
1. Krauss, R.M.; Eckel, R.H.; Howard, B.; Appel, L.J.; Daniels, S.R.; Deckelbaum, R.J.; Erdman, J.W., Jr.; Kris-Etherton, P.;

Goldberg, I.J.; Kotchen, T.A.; et al. AHA dietary guidelines. Stroke 2000, 31, 2751–2766. [CrossRef] [PubMed]
2. Cui, Y.; Hao, P.; Liu, B.; Meng, X. Effect of traditional Chinese cooking methods on fatty acid profiles of vegetable oils. Food Chem.

2017, 233, 77–84. [CrossRef] [PubMed]
3. Hu, K.; Huyan, Z.; Ding, S.; Dong, Y.; Yu, X. Investigation on food packaging polymers: Effects on vegetable oil oxidation. Food

Chem. 2020, 315, 126299. [CrossRef] [PubMed]
4. Karunarathna, N.B.; Fernando, C.J.; Munasinghe, D.M.S.; Fernando, R. Occurrence of aflatoxins in edible vegetable oils in Sri

Lanka. Food Control 2019, 101, 97–103. [CrossRef]
5. FAO. Oil Crops. Food Outlook, Biannual Report on Global Food Markets. Available online: fao.org (accessed on 26 March 2021).
6. FAOSTAT. 2018. Available online: http://www.fao.org/faostat/en/#rankings/countriesbycommodity (accessed on

5 November 2020).
7. Kojima, Y.; Parcell, J.; Cain, J. A global demand analysis of vegetable oils for food and industrial use: A cross-country panel data

analysis with spatial econometrics. In Proceedings of the Agricultural and Applied Economics Association (AAEA) Conferences,
Boston, MA, USA, 31 July–2 August 2016. [CrossRef]

8. Anonymous. Pakistan. Jump in Edible Oil Imports. 2018. Available online: http://www.blackseagrain.net/novosti/pakistan-
jump-in-edible-oil-imports (accessed on 4 November 2020).

9. Garcia, A.B. The use of data mining techniques to discover knowledge from animal and food data: Examples related to the cattle
industry. Trends Food Sci. Technol. 2013, 29, 151–157. [CrossRef]

10. Farré, M.; Barcelo, D.; Barceló, D. Analysis of emerging contaminants in food. TrAC Trends Anal. Chem. 2013, 43, 240–253.
[CrossRef]

11. Iqbal, S.Z.; Mustafa, H.G.; Asi, M.R.; Jinap, S. Variation in vitamin E level and aflatoxins contamination in different rice varieties.
J. Cereal Sci. 2014, 60, 352–355. [CrossRef]

12. Iqbal, S.Z.; Asi, M.R.; Jinap, S. A survey of Aflatoxin M1 contamination in milk from urban and rural farmhouses of Punjab,
Pakistan. Food Addit. Contam. Part B 2014, 7, 17–20. [CrossRef]

13. Iqbal, S.Z.; Asi, M.R.; Zuber, M.; Akhtar, J.; Saif, M.J. Natural occurrence of aflatoxins and ochratoxin A in commercial chilli and
chilli sauce samples. Food Control 2013, 30, 621. [CrossRef]

14. Iqbal, S.Z.; Asi, M.R.; Jinap, S. Natural occurrence of aflatoxin B1 and aflatoxin M1 in “Halva” and its ingredients. Food Control
2013, 34, 404–407. [CrossRef]

15. Asi, M.R.; Iqbal, S.Z.; Ariño, A.; Hussain, A. Effect of seasonal variations and lactation times on aflatoxin M1 contamination in
milk of different species from Punjab, Pakistan. Food Control 2012, 25, 34–38. [CrossRef]

16. Iqbal, S.Z.; Asi, M.R. Assessment of aflatoxin M1 in milk and milk products from Punjab, Pakistan. Food Control 2013, 30, 235–239.
[CrossRef]

17. International Agency for Research on Cancer (IARC). Some naturally occurring substances: Food items and constituents,
heterocyclic aromatic amines and mycotoxins. In IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; IARC: Lyon,
France, 1993; Volume 56, pp. 245–395.

18. Iqbal, S.Z.; Asi, M.R.; Zuber, M.; Akram, N.; Batool, N. Aflatoxins contamination in peanuts and peanuts products commercially
available in markets of Punjab, Pakistan. Food Control 2013, 32, 83–86. [CrossRef]

19. Majeed, S.; Iqbal, M.; Asi, M.R.; Iqbal, S.Z.; Selamat, J. Analysis of nutritional traits and aflatoxin contamination in selected maize
varieties from Pakistan. J. Food Prot. 2017, 80, 1993–1998. [CrossRef]

20. Bordin, K.; Sawada, M.M.; da Costa Rodrigues, C.E.; da Fonseca, C.R.; Oliveira, C.A.F. Incidence of aflatoxins in oil seeds and
possible transfer to oil: A review. Food Eng. Rev. 2014, 6, 20–28. [CrossRef]

21. Dors, G.C.; Caldas, S.S.; Feddern, V.; Bemvenuti, R.H.; dos Santos Hackbart, H.C.; de Souza, M.M. Aflatoxins: Contamination,
analysis and control. In Aflatoxins Biochemistry and Molecular Biology; IntechOpen: London, UK, 2011.

22. Iqbal, S.Z.; Rabbani, T.; Asi, M.R.; Jinap, S. Assessment of aflatoxins, ochratoxin A and zearalenone in breakfast cereals. Food
Chem. 2014, 157c, 257–262. [CrossRef]

23. Romagnoli, B.; Menna, V.; Gruppioni, N.; Bergamini, C. Aflatoxins in spices, aromatic herbs, herb-teas and medicinal plants
marketed in Italy. Food Control 2007, 18, 697–701. [CrossRef]

24. Iqbal, S.Z.; Asi, M.R.; Mahmood, Z.; Mumtaz, A.; Malik, N. Survey of aflatoxins and Ochratoxin A in retail market chilies and
chili sauce samples. Food Control 2017, 81c, 218–223. [CrossRef]

25. Banu, N.; Muthumary, J. Aflatoxin B1 contamination in sunflower oil collected from sunflower oil refinery situated in Karnataka.
Health 2010, 2, 973.

26. Ferracane, R.; Tafuri, A.; Logieco, A.; Galvano, F.; Balzano, D.; Ritieni, A. Simultaneous determination of aflatoxin B1 and
ochratoxin A and their natural occurrence in Mediterranean virgin olive oil. Food Addit. Contam. 2007, 24, 173–180. [CrossRef]

27. Mariod, A.A.; Idris, Y.M.A. Aflatoxin B1 levels in groundnut and sunflower oils in different Sudanese states. Food Addit. Contam.
Part B 2015, 8, 266–270.

28. Samarajeewa, U.; Arseculeratne, S.N. A survey of aflatoxin contamination of coconut products in Sri Lanka; incidence, origins
and recommendations. J. Nat. Sci. Found. Sri Lanka 1983, 11, 225–235. [CrossRef]

http://doi.org/10.1161/01.STR.31.11.2751
http://www.ncbi.nlm.nih.gov/pubmed/11062305
http://doi.org/10.1016/j.foodchem.2017.04.084
http://www.ncbi.nlm.nih.gov/pubmed/28530614
http://doi.org/10.1016/j.foodchem.2020.126299
http://www.ncbi.nlm.nih.gov/pubmed/32028201
http://doi.org/10.1016/j.foodcont.2019.02.017
fao.org
http://www.fao.org/faostat/en/#rankings/countriesbycommodity
http://doi.org/10.22004/ag.econ.235744
http://www.blackseagrain.net/novosti/pakistan-jump-in-edible-oil-imports
http://www.blackseagrain.net/novosti/pakistan-jump-in-edible-oil-imports
http://doi.org/10.1016/j.tifs.2012.10.004
http://doi.org/10.1016/j.trac.2012.12.003
http://doi.org/10.1016/j.jcs.2014.05.012
http://doi.org/10.1080/19393210.2013.828322
http://doi.org/10.1016/j.foodcont.2012.09.003
http://doi.org/10.1016/j.foodcont.2013.04.038
http://doi.org/10.1016/j.foodcont.2011.10.012
http://doi.org/10.1016/j.foodcont.2012.06.026
http://doi.org/10.1016/j.foodcont.2012.11.024
http://doi.org/10.4315/0362-028X.JFP-17-117
http://doi.org/10.1007/s12393-014-9076-9
http://doi.org/10.1016/j.foodchem.2014.01.129
http://doi.org/10.1016/j.foodcont.2006.02.020
http://doi.org/10.1016/j.foodcont.2017.06.012
http://doi.org/10.1080/02652030600986040
http://doi.org/10.4038/jnsfsr.v11i2.8385


Int. J. Environ. Res. Public Health 2021, 18, 8015 12 of 12

29. Iqbal, S.Z.; Asi, M.R.; Zia, K.M.; Jinap, S.; Malik, N. A limited survey of aflatoxins and zearalenone in feed and feed ingredients
from Pakistan. J. Food Prot. 2016, 79, 1798–1801. [CrossRef]

30. Waqas, M.; Pervaiz, W.; Zia, K.M.; Iqbal, S.Z. Assessment of aflatoxin B1 in animal feed and aflatoxin M1 in raw milk samples of
different species of Punjab, Pakistan. J. Food Saf. 2021, e12893. [CrossRef]

31. Razis, A.F.A.; Shehzad, M.M.; Usman, S.; Ali, N.B.; Iqbal, S.Z.; Naheed, N.; Asi, M.R. Seasonal variation in aflatoxins levels in
edible seeds, estimation of its dietary intake and vitamin E levels from Southern Areas of Punjab, Pakistan. Int. J. Environ. Res.
Public Health 2020, 17, 8964. [CrossRef]

32. Bao, L.; Liang, C.; Trucksess, M.W.; Xu, Y.; Lv, N.; Wu, Z.; Jing, P.; Fry, F.S. Determination of aflatoxins B1, B2, G1, and G2 in Olive
Oil, Peanut Oil, and Sesame Oil Using Immunoaffinity column clean-up, post column derivatization, and liquid chromatography
with fluorescence detection: First action 2013.05. J. AOAC Int. 2013, 96. [CrossRef]

33. Shahat, M.S.; Hegaziy, A.I.; Ramzy, S.; Samie, M.A. Effect of some different technological treatments on the aflatoxins reduction in
soybean seeds. Middle East. J. 2017, 6, 1426–1430.

34. AOAC. International Official Methods of Analysis of AOAC International, 18th ed.; Association of Analytical Communities: Gaithers-
burg, MD, USA, 2008.

35. Iqbal, S.Z.; Mumtaz, A.; Mehmood, Z.; Waqas, M.; Gaffar, A.; Ismail, A.; Perviz, W. Assessment of aflatoxins and ochratoxin A in
chili sauce samples and estimation of dietary intake. Food Control 2021, 121, 107621. [CrossRef]

36. Iqbal, S.Z.; Asi, M.R.; Mahmood, Z.; Shahid, M.; Sehar, M.; Malik, N. Co-occurrence of aflatoxins and ochratoxin A in nuts, dry
fruits and nuty products. J. Food Saf. 2018, 38, e12462. [CrossRef]

37. Beheshti, H.R.; Asadi, M. Aflatoxins in sunflower and safflower seeds from Iran. Food Addit. Contam. 2013, 6, 68–71. [CrossRef]
[PubMed]

38. Mohammed, S.; Munissi, J.J.; Nyandoro, S.S. Aflatoxins in sunflower seeds and unrefined sunflower oils from Singida, Tanzania.
Food Addit. Contam. 2018, 11, 161–166. [CrossRef] [PubMed]

39. Nabizadeh, S.; Shariatifar, N.; Shokoohi, E.; Shoeibi, S.; Gavahian, M.; Fakhri, Y.; Khaneghah, A.M. Prevalence and probabilistic
health risk assessment of aflatoxins B1, B2, G1, and G2 in Iranian edible oils. Environ. Sci. Pollut. 2018, 25, 35562–35570. [CrossRef]
[PubMed]

40. Shar, Z.H.; Pirkash, O.; Shar, H.H.; Sherazi, S.T.H.; Mahesar, S.A. Aflatoxins in cotton seeds and cotton seed cake from Pakistan.
Food Addit. Contam. 2020, 13, 72–76. [CrossRef] [PubMed]

41. Yassa, A.I.; Abdalla, E.A.M.; Aziz, S.Y. Aflatoxin B1 production by molds isolated from black tables olives. Ann. Agric. Sci. 1994,
39, 525–537.

42. Okello, D.K.; Biruma, M.; Deom, C.M. Overview of groundnuts research in Uganda: Past, present and future. Afr. J. Biotechnol.
2010, 9, 6448–6459.

http://doi.org/10.4315/0362-028X.JFP-16-091
http://doi.org/10.1111/jfs.12893
http://doi.org/10.3390/ijerph17238964
http://doi.org/10.5740/jaoacint.13-129
http://doi.org/10.1016/j.foodcont.2020.107621
http://doi.org/10.1111/jfs.12462
http://doi.org/10.1080/19393210.2012.725227
http://www.ncbi.nlm.nih.gov/pubmed/24786627
http://doi.org/10.1080/19393210.2018.1443519
http://www.ncbi.nlm.nih.gov/pubmed/29486657
http://doi.org/10.1007/s11356-018-3510-0
http://www.ncbi.nlm.nih.gov/pubmed/30353428
http://doi.org/10.1080/19393210.2019.1698661
http://www.ncbi.nlm.nih.gov/pubmed/31793394

	Introduction 
	Materials and Methods 
	Sample Collection 
	Chemicals and Reagents 
	Extraction of Aflatoxins from Seed Samples 
	Extraction of Aflatoxins from Oil Samples 
	HPLC Conditions 
	Dietary Intake Estimations 
	Statistical Analysis 

	Results and Discussion 
	Quality Control Parameters 
	Occurrence of AFs in Edible Seeds and Oil Samples 
	Estimation of Dietary Intake in Sunflower Oil Samples 

	Conclusions 
	References

