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Introduction: Aflatoxins are secondary metabolites produced mainly by the molds Aspergillus
Aavus, A. parasiticus and A. nomius, and they contaminate cereals, dry fruits, oilseeds and spices.
Aflatoxins have harmful effects in animals and humans, inducing vomiting, diarrhea, hepatitis,
cirrhosis, immunosuppression, miscarriages, mutagenic and teratogenic effects, resulting in
different cancers. Popcorn (Zea mays everta) is a cereal susceptible to aflatoxin contamination,
and there are no reports about the risk of its consumption.

Purpose: A study on the incidence and consumption of aflatoxins in popcorn marketed in
the city of Veracruz, Mexico was conducted and evaluated to carry out a risk assessment for
human health.

Methods: To obtain popcorn, a random sampling in 30 places was done. Frequency of
consumption was obtained with informed consent of participants of 253 surveys that
considered gender (56% women and 44% men), age (13 less than 18 years, 218 older than
18 years and 22 older than 60 years) and the average body weight, which was 65.5 kg for
women and 72.7 kg for men.

Results: Aflatoxins were found in 47% of the 30 samples. The estimated daily consumption
among women was 21 g of popcorn daily with 2.8 ng kg™! body weight aflatoxin B, (AFB,)
and 18.29 ng kg ' body weight total aflatoxins, and for men, the values were 3.0 ng kg '
body weight AFB;, and 16.0 ng kg~ ' body weight of total AF; 1 ng kg™' body weight is
recommended as the tolerance limit by the JECFA (2001).

Conclusion: The highest liver cancer risk was detected in men population under 18 years of
age, with 0.137 cases in 100,000 persons. The results show that 9.5% of the consumers of
AFB-contaminated popcorn are at risk, and 52.2% are at risk for total aflatoxin exposure.
Popcorn is accessible to children with lower weight, increasing the risk.

Keywords: risk assessment, mycotoxins, liver cancer

Plain Language Summary

Aflatoxins are secondary metabolites produced mainly by the molds Aspergillus flavus,
A. parasiticus and A. nomius, and they contaminate cereals, as popcorn and other foods.
Aflatoxins have harmful mutagenic and teratogenic effects in animals and humans, resulting
in different cancers. There are no reports about the risk of consumption of aflatoxin-
contaminated popcorn (Zea mays everta). The objective was to obtain the incidence and
consumption of aflatoxins in popcorn marketed in the city of Veracruz, Mexico, to carry out
a risk assessment for human health based on 253 surveys about the frequency of consump-
tion, gender, age and body weight. The aflatoxin extraction was obtained with AOAC, 2006,
method, the purification with immunoaffinity columns and quantitation by high-performance
liquid chromatography. Aflatoxins were found in 47% of the 30 samples. Consumption of
popcorn by women was 21 g daily with 2.8 ng kg™ body weight AFB;, and for men were
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18.29 ng kg! body weight total aflatoxins, the values 1 ng kg™’
body weight is recommended as the tolerance limit by the
JECFA, 2001. The conclusion was that the highest risk was
detected in the men population under 18 years of age, with 22
g popcorn ingestion. The results show that 9.5% of the consu-
mers of AFB;-contaminated popcorn are at risk, and 52% are at
risk for total aflatoxin exposure. Popcorn is accessible to children
with lower weight, increasing the risk.

Introduction

Maize (Zea mays L.) has been a staple food in Mexico for
more than 7000 years,' and this country is considered the
origin of maize (Zea mays L.).> Corn is consumed in
different ways, one of which is in the form of popcorn,
which is produced when the corn, classified as Zea mays
Everta, is heated at temperatures of 170°C to 185°C.'?
The United States of America has the largest production of
popcorn (420,000 tons), followed by Argentina (230,000
tons), France and Hungary (40,000 tons), which are the
main producers worldwide. Tamaulipas State has the high-
est production of popcorn in Mexico in 2015, with a total
crop yield of 788.54 tons from Reynosa (693.34 tons),
Gustavo Diaz Ordaz (63.20 tons) and Camargo (32.00
tons).* Popcorn can be contaminated with fungi mainly
Aspergillus flavus and A. parasiticus,” which produce toxic
secondary metabolites called aflatoxins (AFs), that pass to
the corn cob and grains in the field or during storage,
although there are few reports about the risk of AFs in
regard to popcorn consumption.

When cereals contaminated with AFs are ingested by
animals or humans, they have harmful effects, such as
inducing vomiting, diarrhea, hepatitis, cirrhosis, immuno-
suppression, miscarriages, mutagenic and teratogenic
effects, and different cancers. AFs are carcinogenic toxins
classified as Grade I, proven to be carcinogenic for
humans.® 4. flavus produces only aflatoxin B, (AFB,) and
aflatoxin B, (AFB,) and generally contaminates maize.
A. parasiticus has the ability to produce four basic AFs,
AFB;, AFB,, aflatoxin G| (AFG) and aflatoxin G, (AFG),
Supplementary Figure 1, and contaminates different cer-

eals, such as maize,’ rice,’ barley and sorghum; oilseeds,
such as nuts,” almonds, peanuts,lo sunflower seeds, cocoa;
spices, such as hot pepper,'' black, green and white
peppers,'* and dry fruits.

Regarding AFs in popcorn, there are reports'> that eval-
uated the risk for health for their ingestion from Brazil,'* ¢
and Spain'’ with a range of AFB; from 3.72 to 33.5 ug kg '

and a content of 2.4 pg kg ' AFB,.

The aim of this work is to determine the risk of AF
consumption for human health, from the ingestion of con-
taminated popped popcorn, studying the exposure.

Methods

Sampling

A grid was drawn on a map of the city of Veracruz to
generate a coordinate system that was introduced to the
MATLAB (MathWorks, Natick,
Massachusetts, USA) to generate 30 random sampling

statistical ~software
points, Figure 1. Three hundred grams of popped popcorn
were obtained from these 30 sampling points. The popcorn
was ground in a mill (Glen, Creston, Stanmore, UK), with
a 0.5 mm sieve; each sample was dried at 40°C with an
airspeed of 1.5 m/s in a tray dryer (Apex, Construction LTD,
Gravesend Kent, UK), until it reached 6% humidity.
Samples were vacuum packed in trilaminated bags and
stored at —38°C until use.

Popcorn Consumption Survey

The consumption of popcorn was assessed through 253
food frequency applied questionnaires, developed with
informed consent of participants to obtain information on
age, weight, gender, place, frequency and quantity of pop-
corn consumption, type, and place where popcorn was
purchased. The City of Veracruz has 52% women and
48% men'® in 2020. The persons that answer the question-
naire were older than 14 years.
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Figure | Sampling points and survey application of questionnaire in the City of
Veracruz, Mexico.
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Validation of the AF extraction was performed'® con-
sidering the parameters of linearity, limits of detection
(LOD) and quantification (LOQ), percentage of recovery
and selectivity.20 The B;, B,, G;, and G, aflatoxin stan-
dards (Sigma-Aldrich, St. Louis MO, USA) were dis-
solved in a mixture of benzene/acetonitrile (98:2 v/v)."
The 425450 nm absorbance was measured for each AF
standard solution with a UV-visible spectrophotometer
(Thermo Genesys 10 UV, Madison Wi, USA). A 1000
ng mL™' AF stock concentration was attained to calculate
ten dilutions (0.01, 0.05, 0.1, 0.5, 2.0, 10, 20, 30, 40 and
50 ng mL "), necessary to obtain the AF calibration curves
and the R? coefficient of determination. Supplementary

Figure 2

Aflatoxins in Popcorn

The AFs of 15 g of each homogenized, dry and ground
sample were analyzed.'” The homogenate was centrifuged
at 2067 x g/15 min, and the supernatant was recovered.
The equivalent of 1 g of the sample was taken from the
supernatant and diluted (1:4 v/v) in phosphate-buffered
solution (PBS) pH of 7.4; the mixture was applied, at
a rate of 5 mL per minute, through an Easi-Extract immu-
noaffinity column for total AFs (R-Biopharm LTD,
Glasgow, UK).?! AFs were eluted from the column and
dried in an oven (Novatech BTC 9100, Houston, Texas,
USA) at 40°C, and AF eluates were derivatized.***’

AF quantification was performed by high-performance
liquid chromatography (HPLC) (Agilent, Series 1200)
equipped with an isocratic pump (G1310A Series
DE62957044) at a 425450 nm absorbance range with
a fluorescence detector (G1321A Series DE 60456380)
and autosampler (G1329A Series DE64761666). The
separation was carried out using a C18 E 4.6 x 150 mm
VDS Optilab VDSpher 100 column with a particle dia-
meter size of 5 pm, and the ChemStation 32 program was
used. The mobile phase was water/acetonitrile/methanol
(65:15:20 v/v/v) at 1.2 mL min " speed.

Included Variables

Weight Probability Density Function

The population weight density probability function was
generated using popcorn consumption frequency survey
data.

Aflatoxin Estimated Daily Intake (EDI)
Popcorn consumption data in the city of Veracruz were
expressed in terms of consumption per day. The population

was classified into groups by gender, age and weight. For
each group, the consumption of the population was adjusted
to a probability density function (PDF). The Monte Carlo
method with @Risk6 software (Palisade, Colorado, USA)
was applied. The formula was:

ED] = —-=

where:

EDI = Estimated daily intake

C = PDF of the estimated daily intake of popcorn,
g/day.

I = PDF popcorn contamination, ng g .

PC = PDF of body weight of the population of the City
of Veracruz (kg).

Exposure to AF Due to Popcorn Consumption

The risk of developing liver cancer as a result of popcorn
consumption was calculated using the data of the prob-
ability functions of weight and consumption, evaluated for
each age group and gender. The characterization of the
danger by means of the qualitative or quantitative evalua-
tion of the health damages caused by AFs present in the
food in humans cannot be carried out with dose-response
studies. The ability of AFB; to cause liver cancer in

2425 with substantial

humans was demonstrated long ago,
hepatocarcinogenic evidence of the synergistic relationship
between the hepatitis B virus and AFB, *° The World
Health Organization (WHO) established that the power of
AFB; to cause cancer in the human population with HBV™
and HBV" was 0.013 and 0.328 per 100,000 inhabitants
per year for each ng kg™ daily exposure, respectively. The
exposure units are ng kg ' body weight/per day (bw/d). In
this study, the average AF in the analyzed samples was
used. The formula for population exposure to AF through

consumption was calculated:?’-*®

(Contamination level)(Amount consumed)

E =
posure Body weight

The exposure units are ng kg ' body weight/per day
(bw/d).

Risk of Incidence of Liver Cancer Induced by AFs in
Popcorn

Population risk was calculated by multiplying the expo-
sure data and the average potency of AFBI for the HBV ©
and HBV™ groups for populations in developing countries
that have a 25% prevalence of AF-related liver cancer. The
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equation of AF-related hepatocellular carcinoma risk for

populations was estimated:>’-*®

Ri = (PHBV ") (AFexposure)(HBV™)
+ (PHBV ™) (AFexposure)(1 — HBV™)

where Ri is the cancer risk, with a population fraction of
chronic HBV cases (HBV") and potency estimates, P, for
the HBV" fraction of the population and the fraction of the
general population (HBV).%¢

Statistical Analysis

The data were subjected to nonparametric statistical ana-
lysis, initially applying the Mann—Whitney test and func-
tions of PDF and the Monte Carlo method. Subsequently,
to identify significant differences, the Wilcoxon pair test
was performed to compare groups by gender.

Results

Validation of the Chemical Method

All the validation parameters (LOD, LOQ, Rz, RT, percen-
tage of recovery and sensitivity) were in optimal condi-
tions (Table 1).

Sampling and Survey

Popcorn was found at all points, the results of the con-
sumption of popcorn were based on 300 questionnaires
obtained from the conducted survey; however, only 253
people declared themselves as popcorn consumers. The
classification of the people surveyed considered gender
and age (Table 2). The data obtained in the survey agree
with the data reported for the population of Veracruz, of
which 53% are women and 47% are men.? Stratification
by age indicates that most of this population is between 15
and 55 years old®’ (Table 2).

Table | Validation Parameters of Basic Aflatoxins and the
Hydroxylated Metabolite Aflatoxicol

Aflatoxin LOD Linearity (Calibration Recovery
ngg") Curves) Percentage
Retention R?
Time (Min)
AFBI 0.0l 7.085-8.849 0.9986 97%
AFB2 0.02 17.452-20.228 | 0.9819 95%
AFGI 0.05 5.722-5.876 0.9897 93%
AFG2 0.05 11.215-14513 | 0.9946 96%
AFL 0.0l 3.032-5.569 0.9978 98%

Abbreviations: LOD, limit of detection; R?, coefficient of determination; min,
minutes.

Table 2 Classification of the Population by Gender and Age on
Popcorn Consumption

A. Classification of the Population by Gender, Surveyed on
Popcorn Consumption

Number of % of the Surveyed

People Population
Women 141 56
Men 112 44
Total 253 100

B. Stratification by Age of the Surveyed People on the
Consumption of Popcorn

Age Number of % of the Surveyed
(Years) People Population
<18 13 5

= |8 <60 218 86

> 60 22 9

Total 253 100

Regarding the values of the probability density func-
tion for the age of the popcorn consumers, no significant
difference was found in men and women in the same age
range (Table 3). On the other hand, Table 4 shows the
values generated in the PDF for the weight of popcorn
consumers; statistically, the average weight in all age
ranges was higher in men than in women, as two
Mexican reports support the weight of persons over 14
years old, which was 73.31-73.83 kg in men and
65.52-65.83 kg in women.’®?' However, the values of
the PDF for daily popcorn consumption do not show
a significant difference between men and women in all
age ranges, with values of 20.7 g/day for women and 21.4
g/day for men (Table 5). The values of popcorn consump-
tion obtained in our research are lower than those reported
for the USA population,®? in which the population over the
age of 14 years consumes, on average, 38.8 g/day, with the
highest consumption (45.2 g/day) in the group of over 50
years and the lowest consumption (27.8 g/day) in the
population from 4 to 11 years old.

Aflatoxins in Popcorn

One type of AF, the AFB,, was detected in at least 47% of
the samples, while in 53% of the samples, no AFs were
detected. As shown in Table 6, our findings agree with
published reports,>* who found AFs in only 48% of the
popcorn samples; in other studies,'® only the AFs of 13%
of popcorn samples were found. The popcorn consumption
of 29 persons was 77 g/month, and the amount of average
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Table 3 Parameters of the Probability Distribution Function (Normal Log) of the Age of the Consumer Population of the City of

Veracruz
Parameters Age
Women Men
General <18 > 18 <60 >60 General <18 > 18 <60 >60
Mean 36* 14* 33° 69° 33° 16* 317 72°
Median 30 15 31 69 28 17 28 72
Standard deviation 16 3 12 5 16 2 Il 8
P95 70 17 55 76 68 17 55 85
N 141 6 121 14 112 7 97 8
Notes: The same letter “a” in the same age range represent that there is no significant difference between men and women, at a level of significance of 5%.
Table 4 Parameters of the Probability Distribution Function (PDF Log-Normal) Weight (Kg) of the Population
Parameters Weight (kg)
Women Men
General <I8 > 18 <60 >60 General <I8 > 18 <60 >60
Mean 66° 52° 66° 67° 73° 64 73° 79°
Median 64 53 65 66 72 60 72 78
Standard deviation 12 13 12 10 I 8 10 I
Percentile 95 85 65 90 84 90 76 90 93
N 141 6 121 14 112 7 97 8

“

Notes: Different letters “a” and “b” are used to differentiate means statistically different at a level of significance of 5%, between the mean weight of men and women, in the

same age range.

Table 5 Parameters of the Probability Distribution Function (Normal PDF Log) of the Daily Intake of Popcorn in the City of Veracruz

Parameters Daily Intake of Popcorn (g/Day)
Women Men
General <18 >|8 <60 >60 General <I8 >18 <60 >60
Average (g/day) 21° 28* 23* 52 21° 28* 22° 4?
Median 8 8 8 4 8 13 8 3
Standard deviation 38 5 41 3 30 27 31 5
Percentile 95 85 14 85 9 73 106 779 Il

Notes: Letter “a” means the average (g/day) represent no significant differences between men and women in the daily intake of popcorn at level of significance of 5%. There

is no difference between Average (g/day) women and men for all the age ranges.

daily ingested AFs was 0.12 ng kg ' bw/day. Another
study carried out in Spain'’ detected AFs in 6% of the
popcorn samples analyzed.

Discussion

In the present research, the highest incidence of AFB; was
(35ng g ') and average concentration (3.6 ng g '), but AFL,
that is also carcinogenic was the highest average concentra-
tion of 9.3 ng g ' followed by the other AFs, Table 6. The
average AFt contamination in the popcorn was 21.1 ng g ',

but we must take into account that AFB, and AFG,, that
added 5.7 ng g ! are not carcinogenic themselves and must
be substracted from the carcinogenic AFs (AFB;, AFGy,
AFL), giving an intake of carcinogenic AFs of 15.4 ng g ',
higher than the reported in Brazil'*'® and Spain."”

The importance of this study is the analysis of the four
basic AFs (AFB;, AFB,, AFG,, AFG,) and the hydroxy-
lated metabolite AFL, that can interconvert with AFB;,
increasing the risk in popcorn. No reports of these AFs
have been given.

Risk Management and Healthcare Policy 2020:13
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Table 6 Concentration and Types of Aflatoxins in Popcorn

Samples | Aflatoxin Concentration (ug kg™')

AFB, | AFB, | AFG, | AFG, | AFL | AFt
| 26 0 46 0 7 79
2 0 0 0 0 19 19
3 0.2 0 0 5 7
4 0.4 38 0 28 54 120
5 0 0 0 0 9 9
6 0 0 0 0 14 14
7 12 15 25 0 4 56
8 | 0 2 0 3 6
9 35 0 0 | 0 36
10 I5 0 0 4 0.01 19
I 2 0 0 2 18 22
12 0 0 0 0 19 19
13 12 21 0 0 0 33
14 0.3 0 0 2 14 16
15 0 0 0 | 0.4 |
16 0 0 0.1 0.4 2 3
17 0 0 0 0 | |
18 0 0 0 | | 2
19 0 0 0 0 | |
20 0 50 0 | 5 56
21 0 0 0 | 7 8
22 0 0 0.2 0 20 20
23 0 0 0.2 0.3 10 I
24 0 0 0.2 0 14 14
25 0.3 0 0.3 0 10 I
26 0.2 0 0.3 | 12 14
27 | 0 0 2 12 15
28 0 0 0.1 0 13 13
29 3 0 0 0 4 7
30 0 0 0 0 | |
Average 3.6 4.1 25 1.6 9.3 21.1

Note: The fractions < | in the AF concentrations are shown depending on the
Limit of Detection of each AF.

Abbreviations: AFB, aflatoxin B|; AFB,, aflatoxin By; AFG,, aflatoxin G|; AFG,,
aflatoxin G,; AFL, aflatoxicol; Aft, total aflatoxin.

Exposure to AF Through Popcorn

Consumption

The population group with the greatest exposure level to AFs
as a result of consuming popcorn was men under 18 years of
age, probably due to their greater consumption and lower
body weight (bw) (Table 7). On the other hand, the popula-
tion group with the lowest exposure was men over 60 years
of age, who have the lowest consumption and the highest bw.
On the other hand, women between 18 and 60 years old had
the highest exposure for the population in this age range. The

Table 7 Level
Consumption of Popcorn in the City of Veracruz, Classified by

of Exposure to Aflatoxins Through the

Gender and Age Range of the Consuming Population

Age Range (Years) Exposure (ng kgf' Body Weight/per
Say)
Women Men
<I8 | 3
=>18<60 2 2
> 60 | 03

average exposure level in women was 3.63 (ng kg ' bw/
per day), while in men, it was 5.018 (ng kg ' bw/per day).
As a result of popcorn consumption, the population has an
average exposure of 4.326 (ng kg~ bw/per day); this value is
within the average range of AF exposure (2.9-5.8 ng kg™’
bw/per day) calculated by WHO?’ for cluster GO5 to which
Mexico belongs, and below that reported for the population
in Egypt (5.3-20 ng kg ' bw/per day) due to the consump-
tion of corn-based snacks (Table 7).

Risk of Liver Cancer Due to AF Exposure
from Popcorn Consumption

The cancer risk values due to AF exposure through the
consumption of popcorn are shown in Table 8. A similar
behavior was reported for the European population, where
population groups under 18 years of age have the highest
risk of AF-induced cancer.’®** On average, the risk of
liver cancer in women due to AF exposure from the con-
sumption of popcorn is 0.993 (cancers/year per 100,000
population), while for men, the average risk is 0.137
(cancers/year per 100,000 population). Considering both
genders, the average risk of liver cancer due to AF expo-
sure through the consumption of popcorn is 0.1185 (can-
cers/year per 100,000 population). This result agrees with
the range reported”’ by the WHO (2018) for food cluster
GO05 (where Mexico is grouped), which has a risk level of
0.05-1.18 (cancers/year per 100,000 population) as
a result of exposure to AF. The average risk calculated in
our research is higher than the range (0.01-0.10 cancers/
year per 100,000 population) calculated for European
countries and other developed countries of the G07 and
GO08 food security clusters; however, it is lower than the
range (0.21-3.94 cancers/year per 100,000 population)
reported for sub-Saharan African countries and Haiti in
cluster G13°® (Table 8).
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Table 8 Risk of Cancer

A. Calculation of the Risk of Liver Cancer Due to Aflatoxin
Exposure Through the Consumption of Popcorn in the City
of Veracruz, Classified by Gender and Age Range of the
Consuming Population

Age Risk (Cancers / Year per 100,000 Population)
Range
Women Men
(Years)
<18 0.048° 0.137°
218<60 | 0.108* 0.097*
> 60 0.024* 0.016*

B. Estimated liver Cancer Cases/100,000 Population/Lifetime

Years

Age Women Estimated Men Estimated Liver

Range Liver Cancer Cases/ Cancer Cases/100,000

(Years) | 100,000 Population/78 Population/73 Years
Years

<18 4 10

=>|8<60 | 8 7

> 60 2 |

w

Notes: Different letters “a” and ”b”, in the same age range represent significant
differences between men and women, at a level of significance of 5%.

Conclusion

The present study is accurate because it takes into account
four AFs and the prevalent hydroxylated metabolite AFL.
The highest risk was detected in the population under 18
years of age, with 22 g popcorn ingestion. The results
show that 9.5% of the consumers of AFB;-contaminated
popcorn are at risk, and 52% are at risk for total aflatoxin
exposure. Popcorn is accessible to children with lower
weight, increasing the risk.

The risk of developing liver cancer as a result of
exposure to AF through popcorn consumption in
Veracruz population is 0.1185 per 100,000 inhabitants; it
is recommendable that the population under 18 years of
age reduce their popcorn consumption because it contri-
butes to the daily ingestion of carcinogens in food.
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