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Abstract: The Canary Islands is an archipelago that consumes cereals and derivatives imported from
other regions of the world. The increase in contamination with toxic metals makes it necessary to
assess the content of toxicological metals of interest to ensure quality and safety. The content of toxic
metals (Al, Cd, Cr, Pb, Ni, Sr) was determined in 221 samples of cereals and derivatives (corn, wheat,
gofio, corn gofio, barley gofio, roasted corn and flour) marketed in the Canary Islands using ICP-OES
(inductively coupled plasma optical emission spectrometry) to assess dietary exposure. Al content
recorded in barley gofio (29.5 mg/kg fresh weight) stands out. The estimated daily intake (EDI) of Pb
is 52 ug/day if 100 g/day of barley gofio is consumed (121% and 240% of the BMDL nephrotoxicity
limit set by the EFSA at 0.63 nug/kg body weight/day for adults and children, respectively). The EDI
of PB is 16 pg/day if 30 g barley gofio/day is consumed by adults (36.2% of the abovementioned
BMDL nephrotoxicity limit). The EDI of Pb is 7.8 ug/day if 15 g barley gofio/day is consumed
by children (32.2% of the abovementioned BMDL nephrotoxicity limit). Gofio is a food of high
nutritional value. It is necessary to establish monitoring programs for toxic metals in raw materials
and processed products to reduce exposure levels.

Keywords: Canary Islands; cereals; corn; roasted corn; corn gofio; gofio; barley gofio; flour; wheat;
toxic metals; risk assessment

1. Introduction

The archipelago of the Canary Islands is made up of western islands El Hierro, La
Gomera, La Palma and Tenerife and of eastern islands Gran Canaria, Fuerteventura,
Lanzarote and La Graciosa (Figure 1). The Canary archipelago is located in northwest Africa
near the coast of Morocco and the north of Western Sahara. It belongs to the Macaronesia
region along with Cape Verde, Azores, Madeira and the Savage Islands. According to data
from the Official State Gazette published in December 2020, the population of the Canary
Islands amounts to 2,175,952 inhabitants [1].

Cereals have been the basis of human nutrition since ancient times [2]. In the Canary
Islands, the consumption of cereals, especially in the form of gofio, was the basic suste-
nance from the aborigines who populated the islands until long after the Conquest by
the Spaniards.

Canarian gofio is a food that has a protected geographical indication (PGI) and is
obtained in the Canary archipelago, resulting from the grinding of toasted cereals with or
without the addition of sea salt. Sometimes gofio can be complemented with legumes that
are subjected to the same treatment as cereals. The product obtained has an appearance
similar to wholemeal flours since it presents in the form of a floury powder [3-5].

Foods 2021, 10, 1158. https://doi.org/10.3390/foods10061158

https:/ /www.mdpi.com/journal/foods


https://www.mdpi.com/journal/foods
https://www.mdpi.com
https://orcid.org/0000-0001-8774-5870
https://orcid.org/0000-0003-0878-7138
https://orcid.org/0000-0003-1581-0850
https://www.mdpi.com/article/10.3390/foods10061158?type=check_update&version=1
https://doi.org/10.3390/foods10061158
https://doi.org/10.3390/foods10061158
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/foods10061158
https://www.mdpi.com/journal/foods

Foods 2021, 10, 1158

2 0f 10

Figure 1. Canary Islands (Source: Google Maps™).

Although cereals, and especially gofio, play an important role in the diet of the
residents of the Canary Islands, urbanization of the Canary Islands has caused changes in
the consumption habits of the islanders. Thus, as a consequence of increasing urbanization,
the consumption of processed foods has increased considerably [6]. It is estimated that in
2013, the consumption of cereals in the Canary Islands was 173.7 g per person per day [6].

Cereals, especially whole grains and their processed derivatives, are foods of high nu-
tritional value due to their mineral content, dietary fiber and complex carbohydrates [7-10].
However, due to high anthropogenic contamination of crops, numerous studies have been
published that report data on toxic metals in cereals for human consumption [11,12].

Among the different toxic or potentially toxic metals that can be found in cereals,
aluminum (Al), cadmium (Cd), chromium (Cr), nickel (Ni), lead (Pb) and strontium (Sr)
stand out.

Toxic metals such as Al, Cd and Pb are environmental pollutants originating mainly
from anthropogenic activities such as mining, uncontrolled use of pesticides or from spills
from industries in which they are used. These metals are toxic even in small amounts. Their
main problem is high tendency to accumulate [13]. Cereals are among the main dietary
sources of these toxic elements.

Al tends to accumulate in the brain and is associated with neurodegenerative diseases,
although its absorption through the gastrointestinal tract is low (0.1%) [14]. Cd is an element
that competes with essential divalent elements such as Zn, Cu or Fe and, in addition, it is a
nephrotoxic agent that tends to accumulate in the kidneys; in high concentrations, it can
cause renal failure [15]. Pb is a neurotoxic element that can cause damage to the central
nervous system (CNS), especially in developing children and fetuses [16].

Other metals of toxicological interest such as Cr, Ni or Sr are associated with adverse
effects in case of high intake. It should be noted that, in the case of these elements, their
presence in food, especially in cereals, is not only due to anthropogenic factors, but rather
that plant organisms need elements such as Cr or Ni that are involved in their metabolism
and life cycle.

Cr, in case of high and prolonged intake, can trigger chronic renal failure, dermatitis,
bronchitis, asthma, etc. [17-19].

The relationship between Ni and the enzyme urease makes it an essential element
for plants [20,21]. Notable changes in body weight have been observed in experimental
animals. Individuals with hypersensitivity to Ni or with kidney problems are susceptible
to damage by ingestion of Ni [17,22].
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High intake of Sr is related to phosphorus deficiency since these elements compete
with each other; its accumulation in bones could lead to an increase in bone density [23].

Nawab et al. [24] studied the content of toxic metals in cereals from Pakistan, regis-
tering levels that exceeded the recommendations established by the FAO/WHO. More
recently, Khaneghah et al. [25] studied the content of toxic metals in cereals and cereal-
based products, highlighting the concentrations of Cu, Cd, Pb, Fe, Hg and Mn in flour.
These publications demonstrate the importance of controlling the levels of toxic metals in
cereals and derivatives to protect health of consumers.

The objectives of this study are (i) to determine the content of toxic metals (Al, Cd,
Cr, Ni, Pb, Sr) in samples of cereals and derived products (corn, wheat, gofio, corn gofio,
barley gofio, gofio wheat, roasted corn and flour) marketed in the Canary Islands and
(ii) to assess the dietary exposure of the Canarian population based on the consumption of
these cereals.

2. Material and Methods
2.1. Samples and Sample Treatment

A total of 221 samples of cereals (corn, wheat) and derivatives (gofio, corn gofio, barley
gofio, roasted corn and flour) (Table 1) marketed in the Canary Islands (Figure 1) were
analyzed. The samples of cereals and their derivatives were collected from the islands of
Tenerife, Gran Canaria, La Palma and Fuerteventura.

Table 1. Characteristics of the analyzed samples.

Sample No. of Samples Origin
Gofio 37 Spain, Bulgaria and Argentina
Barley gofio 5 Spain
Corn gofio 29 Spain, Bulgaria and Argentina
Flour 9 Spain
Corn 81 Spain, Bulgaria, France and Argentina
Toasted corn 56 Spain, Bulgaria and Argentina
Wheat 4 Spain
Total 221

The samples were collected monthly (2017-2019) from supermarkets of the Canary
Islands. Currently, the Canary Islands have a total of 40 gofio mills. Gofio samples were
collected from 20 mills located in the metropolitan areas (1 = 11) of Tenerife and Gran
Canaria and in different towns (1 = 9) of La Palma and Fuerteventura.

Collection of the samples was carried out in accordance with the provisions of Royal
Decree 538/2015 of June 26 which regulates the performance of studies, reports and com-
parative analyses regarding food products [26]. The samples were collected in triplicate,
ensuring the same batch whenever possible, noting the identification data of each sam-
ple (type, place and date of collection, quantity, batch, storage conditions, operator who
collected the sample). The samples were collected in sterile plastic containers (sample collec-
tion bags) and sealed until they were opened in the laboratory. The collected samples were
commercial samples (featured the same conditions as the ones sold to the general public).

It should be noted that, as it is a research project and not an official analysis, the
samples were not transferred to food safety agencies; instead, the three replicates were
analyzed in the laboratory.

An analytical precision balance (Balance XPR204S, Mettler Toledo, Columbus, OH,
USA) was used to weigh 1 g of the homogenized sample, in triplicate, into pressure vessels
(HVTS50, Anton Paar, Graz, Austria). To proceed with the digestion process, we added 4 mL
of 65% HNOj (Sigma-Aldrich, Steinheim, Germany) and 2 mL of H,O, (Sigma-Aldrich,
Steinheim, Germany) to the pressure vessels containing the samples, and then the pressure
vessels were closed and placed in a microwave oven (Multiwave Go Plus, Anton Paar,
Graz, Austria). The digestion conditions are described in the Table 2.



Foods 2021, 10, 1158

40f10

EDI (m
a

Table 2. Instrumental conditions of the microwave digestion process.

No. Ramp (min) Temperature (°C) Time (min)
1 15 50 5
2 5 60 4
3 5 70 3
4 3 90 2
5 20 180 10

Microwave processing power, 850 W; maximum temperature, 200 °C; cooling temperature, 50 °C.

The samples digested were poured into a 10-mL volumetric flask with Milli-Q distilled
water, and then the samples were transferred to PET containers until determination.

2.2. Analytical Method

Inductively coupled plasma optical emission spectrometry (ICP-OES) (ICAP 6300 Duo,
Thermo Scientific, Waltham, MA, USA) was used to determine the content of toxic met-
als (Al, Cd, Cr, Ni, Pb, Sr) with the following instrumental conditions: 1150 W (RF
power); 0.5 L/min (gas flow); 50 rpm (injection of the sample to the flow pump); 0 s
(stabilization time).

The instrumental wavelengths of the analyzed elements were as follows: Al (167.0 nm),
Cd (226.5 nm), Cr (267.7 nm), Pb (220.3 nm), Ni (231.6 nm) and Sr (407.7 nm). The LOQ
(limits of quantification) obtained as per the [UPAC instructions [27] were as follows: Al
(0.012 mg/L), Cd (0.001 mg/L), Cr (0.008 mg/L), Pb (0.001 mg/L), Ni (0.003 mg/L) and Sr
(0.003 mg/L). Table 3 shows the recovery percentage (RP) obtained under reproducible
conditions with a certified reference material (RP > 94%).

Table 3. Recovery study results based on the recovery percentage (RP) with reference materials.

o . Concentration Concentration o
Metal Certified Material Recorded (mg/kg) Certified (mg/kg) RP (%)
Al 286 =9 285.1 =26 99.7
Sr SRM 1515 Apple Leaves 25.0+2.0 24.6 4.0 98.3
Cr 0.29 4+ 0.03 0.30 £ 0.00 97.8
Ni . . 0.37 £+ 0.02 0.38 + 0.04 102.3
Pb SRM 1548a Typical Diet 0.044 + 0.000 0.044 + 0.013 98.9
Cd SRM 1567a Wheat Flour 0.026 + 0.002 0.026 + 0.008 98.4

2.3. Statistical Analysis

Statistical analysis was conducted using IBM Statistics SPSS 24.0 (Armonk, NY, USA)
for Windows ™. The value of p < 0.05 was considered to indicate a significant difference.
The statistical study was carried out considering the content of toxic metals (Al, Cd, Cr,
Pb, Ni, Sr) in the different types of cereals and products analyzed (corn, wheat, gofio, corn
gofio, barley gofio, roasted corn and flour).

The normality of concentration of toxic metals was studied using the Kolmogorov—
Smirnov and Shapiro-Wilk tests. The Levene test was applied to the homogeneity of
variance study. The data followed a non-normal distribution, and the Kruskal-Wallis
non-parametric test was applied [12].

2.4. Dietary Intake Calculation

The estimated daily intake (EDI) is defined as the amount of a chemical element/sub-
stance/contaminant that is ingested with a portion of a food or foods (Equation (1)). The
calculation of this value makes it possible to evaluate the risk when comparing it with
the reference value established by food safety institutions. The contribution percentage
(Equation (2)) allows obtaining a percentage value over the reference value.

kg

y) = Cereal consumption <day> x Toxic metal concentration (mg/kg fresh weight) 1)
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Table 4 lists the reference values that were used for the exposure assessment. These
values were set by reference institutions such as the European Food Safety Authority
(EFSA) and the World Health Organization (WHO). Likewise, an adult weight of 68.48 kg
and a child weight of 38.48 kg were considered as established by the AECOSAN (Spanish
Agency for Consumption, Food Safety and Nutrition) [28].

Table 4. Intake limit values of the toxic metals analyzed (Al, Cd, Cr, Pb, Ni, Sr).

Toxic Metal Parameter Intake Limit Values Organization References
Cr(III) 0.3 mg/kg bw/day [19]
Ni DI 13 ug/kg bw/day EFSA [29]
0.63 ug/kg bw/day !
Pb BMDL 1.50 ug/kg bw/day 2 (301
Sr TDI 0.13 mg/kg bw/day WHO [31]
Al 1 mg/kg bw/week [14]
TWI EFSA
Cd 2.5 ug/kg bw/week [15]

EFSA, European Food Safety Authority; WHO, World Health Organization; BMDL, benchmark dose level; TDI,
tolerable daily intake; TWI, tolerable weekly intake; bw, body weight; nephrotoxicity 1 and cardiovascular effects 2.

3. Results and Discussion
3.1. Content of Toxic Metals in Cereals and Derivative Products

Table 5 shows the mean concentrations of toxic metals in the different cereals and
derivatives analyzed.

Table 5. Mean concentrations and standard deviations (mg/kg fresh weight &= SD) of the analyzed toxic metals by cereal

and cereal derivative type.

Type Al Cd Cr Ni Pb Sr
Gofio 4.89* £5.49 0.005 £ 0.01 0.054 £ 0.07 0.351 £ 0.46 0.153 +0.20 0.827 £1.27
Barley gofio 29.5 £ 0.00 0.010 & 0.00 0.280 £ 0.00 0.150 & 0.00 0.520 4= 0.00 1.46 4= 0.00
Corn gofio 6.90 £ 3.67 0.003 £ 0.01 0.102 £ 0.05 0.209 £ 0.07 0.090 £ 0.12 0.345 £ 0.17
Flour 293 £1.13 0.019 £ 0.01 0.010 £ 0.03 0.05* £ 0.08 0.054 £ 0.05 0.273 £0.11
Corn 28.1 231 0.001 £ 0.006 0.081 £ 0.08 0.264 £ 0.40 0.050 & 0.05 0.208 * +=0.15
Toasted corn 2.92 £2.40 0.002 + 0.006 0.062 + 0.07 0.289 £+ 0.36 0.051 £ 0.06 0.427 £+ 0.67
Wheat 8.18 £3.71 0.040 £ 0.00 0.165 % 0.06 0.140 £ 0.03 0.070 £ 0.00 0.955 + 0.53

* Statistical difference (p < 0.05).

In general terms, the toxic metals analyzed follow the descending order of Al > Sr >
Ni > Pb > Cr > Cd. Al stands out as the metal with the highest concentration in all the
analyzed cereals and derivatives, registering the highest average concentrations in barley
gofio (29.5 mg/kg fresh weight) and in corn (28.1 mg/kg fw). The studies carried out
by Brizio et al. [32] recorded an average content of Al in barley of 11.43 mg/kg, with a
maximum concentration of 1009 mg/kg, which shows that this cereal tends to accumulate
large concentrations of Al. Likewise, various studies have shown a clear relationship
between the low pH of the soil and higher concentrations of Al in them, which later pass to
the crops that are cultivated in these soils [33,34].

Sr is another toxic metal that stands out; again, it is barley gofio that registered
the highest average concentration (1.46 mg/kg fw), followed by flour with an average
concentration of 0.955 mg/kg fw. The studies carried out by Rubio-Armendariz et al. [12]
report a similar concentration of Sr in wheat samples (1.60 mg/kg). On the other hand, the
highest Ni content was detected in mixed gofio (0.351 mg/kg fw).
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Again, barley gofio is the derivative that registered the highest concentrations of
Pb (0.520 mg/kg fw) and Cr (0.280 mg/kg fw). Millour et al. [35] recorded a mean Pb
concentration of 0.006 mg/kg in breakfast cereals, which is lower than that recorded in the
present study. However, it should be noted that gofio is a derivative that is made from
whole toasted cereal including the peel, which is where the highest concentration of toxic
metals accumulates [3,12,36]. Considering the current legislation [37] that regulates the
content of toxic metals in foods for human consumption, it was found that barley gofio
(0.520 mg/kg fw) exceeds the Pb limit set for cereals (0.20 mg/kg), which is why it would
not be suitable for consumption.

Wheat registered the highest average concentration of Cd (0.04 mg/kg fw). Tejera et al. [38]
registered a similar concentration of Cd in wheat flour of 0.027 mg/kg, which is slightly
lower than the level registered in wheat in this study.

The statistical study showed the existence of significant differences (p < 0.05) in the lev-
els of Alin corn gofio, of Sr in corn and of Ni in flour with the rest of the samples analyzed.

3.2. Adult Dietary Intake Assessment

Table 6 shows the estimated daily intake (EDI) values and the percentage of contribu-
tion to the reference values (see “Dietary Intake Calculation”) for adults.

Table 6. Assessment of dietary intake of toxic metals based on the EDI (mg/day) and the contribution percentage (%) for
adults and children.

Adult EDI % EDI % EDI % EDI % EDI % EDI % EDI %
. Gofio Barley Gofio Corn Gofio Flour Corn Toasted Corn Wheat
Al 0489  5.00 2.95 302 069 705 0293  3.00 2.81 287 0292 299 0818 836
Cd 0.0005 210 0.001 409 0.0003 113 0.002 772 0.0001 050 00001 073 0.004 164
Cr 0.05 0.03 0.028 014 0010 005 0001 0.00 0.026 004 0006 003 0017 0.08
Ni 0.035 394 0015 168 0021 234 0005 057 0026 29 0029 325 0014 157
Sr 008 093 0146 164 0034 039 0.027 031 0021 023 0043 048 0.096 1.07
Pb! 0015 355 0052 121  0.009 205 0.005 126 0.005 115 0.005 119 0.007 162
Pb 2 0015 149 0052 506 0.009 860 0.006 530 0005 480 0.005 5.00 0.007 6.80
EDI % EDI % EDI % EDI % EDI % EDI % EDI %
Children
Gofio Barley Gofio Corn Gofio Flour Corn Toasted Corn Wheat
Al 0489 933 2.95 599 0.690 140 0293 596 2.81 570 0292 594 0818 16.6
Cd 0.0005 4.17 0.001 812 0.0003 224 0.002 153 0.0001 100 0.0001 1.45 0.004 325
Cr 0.05 0.05 0.028 027 0010 010 0001 0.01 0.026 008 0006 006 0017 0.16
Ni 0035 783 0015 335 0021 465 0.005 114 0026 589 0029 646 0.014 3.12
Sr 008 18 0146 326 0034 077 0027 061 0021 046 0043 095 0.09 213
Pb! 0015 705 0052 240 0.009 406 0.006 251 0005 228 0.005 237 0.007 322
Pb 2 0015 296 0052 101 0.009 171  0.005 105  0.005 9.6 0.005 990 0.007 135

Nephrotoxicity ! and cardiovascular effects 2.

Barley gofio, gofio and corn gofio stand out for their dietary contributions of Pb. The
EDI of Pb is 52 pg/day if 100 g/day of barley gofio is consumed. The BMDL (bench-
mark dose level) value established by the EFSA at 0.63 pg/kg body weight/day (nephro-
toxic effects) is widely exceeded with the intake of 100 g/day of barley gofio (121% of
BMDLephrotoxicity)- Generally speaking, gofio consumption should be limited to about
30 g/day (one serving) [3], which would represent a lower contribution percentage (36.3%
of BMDL ephrotoxicity)- However, Pb is described as one of the most common contaminants
in cereals, these products being the main source of exposure to Pb [39]. It is necessary to
study the possible sources of contamination that increase the level of Pb in the gofio. It
should be noted that this Pb contamination is not due in itself to the raw materials, but to
the company that produces the gofio. The studies carried out by Caballero-Mesa [40] show
a clear relationship between the production industry and the final contamination of the
gofio with Pb.
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Gofio is a food with high nutritional value. However, the persistence of some gofio
mills in the Canary Islands where some parts of the production process are neglected raises
the level of Pb in the final product. It is necessary to establish monitoring programs for the
levels of Pb in the raw materials and in the processed products in order to reduce the levels
of dietary exposure to Pb.

It should be noted that, considering the EFSA report on dietary Pb exposure in the
European population, the mean Pb intake for an adult is 0.50 ug Pb/kg bw/day [41]. This
means that, considering the average weight of an adult established by the AECOSAN,
the average intake of Pb would be 34.2 ug Pb/day. However, the intake of Pb from the
consumption of 100 g/day of the gofio analyzed would be 52 pug Pb/day, exceeding the
European average. However, if we consider normal consumption of a portion of gofio
(30 g/day) [3], the intake of Pb would be 16 nug Pb/day from barley gofio consumption,
which is, in this case, well below the European average.

Likewise, the EDI of Al is 2.95 mg/day if 100 g/day of barley gofio is consumed
(30.2% of the TWI of Al set at 1 mg/kg bw/week by the EFSA) [14]. This percentage is
high, especially considering that Al is an element that is found in all foods in variable
concentrations. That is, barley gofio provides a large contribution of Al to the global
intake of this element. Similarly, corn stands out because its consumption (100 g/day)
contributes 28.7% of the TWI of Al mentioned above. In case of a normal portion of
the gofio (30 g/day) [3], the intake of Al would be 885 ug Al/day from barley gofio
consumption with the contribution percentage of 9.1% of the abovementioned TWI value.
Therefore, it is necessary to regulate the content of this metal in cereals by setting maximum
concentration values.

3.3. Children Dietary Intake Assessment

Table 6 shows the EDI values and the percentage of contribution to the reference
values (see “Dietary Intake Calculation) for children.

The gofio analyzed, including barley, wheat and mixed gofio, contributes signifi-
cantly to the intake of Pb, Al and Cd. The consumption of 100 g/day of barley gofio
represents a contribution percentage of 240% to the fixed Pb BDML for nephrotoxic effects
(0.63 ng/kg bw/day). Likewise, 100 g/day of gofio (70.5% of the BMDL of Pb) and corn
gofio (40.6% of the BMDL of Pb) may be considered large contributions to the BMDL of Pb
for nephrotoxic effects.

As mentioned above, these data are worrying because, considering a prolonged
consumption of 100 g/day of any of the gofio samples analyzed, children would be at
risk due to high Pb intake. However, in case of moderate consumption of a standard
ration of gofio (15 g/day) [3], the maximum intake value set for Pb is not exceeded, with
contribution percentages of 32.2% (barley gofio), 9.5% (gofio) and 5.6% (corn gofio) to the
BDML of Pb for nephrotoxic effects (0.63 pg/kg bw/day). It is, therefore, necessary to
moderate the rations of barley gofio since it seems to be the one that offers the greatest
contribution to the BMDL of Pb to avoid dietary overexposure to Pb in the case of children
between 7 and 12 years of age.

The EFSA report on dietary Pb exposure in the European population reports an
exposure of 1.03 ug Pb/kg bw/day in children [41]. Considering the average weight set
by the AECOSAN for children between 7 and 12 years old, the intake of Pb would be
35.5 ug Pb/day. However, the daily Pb intake from the consumption of 100 g/day of barley
gofio analyzed would be 52 ug Pb/day, far exceeding the average Pb intake established for
European children. However, considering the consumption derived from a gofio ration
(15 g/day) [3], the intake would be 7.8 ug Pb/day in the case of barley gofio, which is
lower than the European average.

EDI, estimated daily intake when consuming 100 g/day. Mean average weight of
adults—68.48 kg, children—34.48 kg [28]. Based on the BMDL to nephrotoxicity! and
cardiovascular effects?, 100 g/day of barley gofio and corn gofio confer Al contribution
percentages of 59.9% and 57.0%, respectively, to the TWI of Al (1 mg/kg bw/week).
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Although these values do not exceed 100% of the TWI, it is necessary to consider this
contribution significant. However, in case of consumption of a normal portion of gofio
(15 g/day) [3], contribution percentages of 8.1% (barley gofio) and 1.9% (corn gofio) of the
TWI of Al (1 mg/kg bw/week) would be obtained, so child consumers (7-12 years of age
and 34.48 kg bw) would not be at risk.

The percentage of contribution of the consumption of 100 g/day of wheat (32.5% of
the TDI of Cd established at 2.5 ug/kg bw/week) is also noteworthy. However, considering
that cereals are among the foods that most contribute to the dietary intake of Cd [42], this
result is within expectations.

4. Conclusions

Barley gofio stands out for registering the highest concentrations of Al, Sr, Pb and Cr.
It should be noted that the Pb content registered in barley gofio exceeds the legal limit
established by Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting
maximum levels for certain contaminants in foodstuffs, not being suitable for consumption.
This fact highlights the need to establish monitoring and surveillance programs for cereals
and their derivatives in the Canary Islands to detect possible non-compliance and, therefore,
avoid their use.

The need to assess the dietary exposure of the Canarian population not only to the
consumption of cereals and derivatives, but also to other foods that can be considered a
source of toxic metals should also be noted. Therefore, it is necessary to continue with
research work in this area to preserve the health of the population of Canary Islands.

Author Contributions: Conceptualization, C.R.-A. and A.].G.; methodology, D.G.-W.; software,
D.G.-W.; validation, D.G.-W., S.P; formal analysis, C.R.-A.; investigation, A.H.; resources, A.H.;
data curation, D.G.-W. and C.R.; writing—original draft preparation, S.P. and C.R.; writing—review
and editing, S.P.,, C.R.-A. and AJ.G.; visualization, A.H.; supervision, AJG,; project administration,
C.R.-A; funding acquisition, C.R.-A. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by PERVEMAC II: Programa de Cooperacién INTERREG V-A
Espafia-Portugal MAC (Madeira-Azores-Canarias) 2014-2020 grant number MAC/1.1a/049. Project
“Sustainable Agriculture and Food Security in Macaronesia: Investigation of the benefits and risks of
the intake of plant products for the health of consumers and development of minimization strategies”.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated during the current study are not publicly
available but are available from the corresponding author on reasonable request.

Acknowledgments: This research was funded by PERVEMAC II: Programa de Cooperacién INTER-
REG V-A Espana-Portugal MAC (Madeira-Azores-Canarias) 2014-2020, grant No. MAC/1.1a/049,
project “Sustainable Agriculture and Food Security in Macaronesia: Investigation of the bene-
fits and risks of the intake of plant products for the health of consumers and development of
minimization strategies.”

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

1.  BOE (Boletin Oficial del Estado). Real Decreto 1147/2020, de 15 de diciembre, por el que se declaran oficiales las cifras de
poblacion resultantes de la revision del Padron municipal referidas al 1 de enero de Bol. Estado 2020, 340, 125898-125904.

2. Zhu, F. Anthocyanins in cereals: Composition and health effects. Food Res. Int. 2018, 109, 232-249. [CrossRef]

3.  Caballero, ].M,; Tejera, R.L.; Caballero, A.; Rubio, C.; Gonzalez-Weller, D.; Gutiérrez, A.J.; Hardisson, A. Mineral composition of
different types of Canarian gofio; Factors affecting the presence of Na, Mg, Ca, Mn, Fe, Cu y Zn. Nutr. Hosp. 2014, 29, 687-694.

[CrossRef]

4.  Caballero-Mesa, ].M.; Alonso Marrero, S.; Gonzalez Weller, D.M.; Afonso Gutiérrez, V.L.; Rubio Armendariz, C. Hardisson de la
Torre, A. implementation and evaluation of critical hazards and checkpoints analysis (CHCPA) in gofio-producing industries
from Tenerife. Nutr. Hosp. 2006, 21, 189-198.


http://doi.org/10.1016/j.foodres.2018.04.015
http://doi.org/10.3305/nh.2014.29.3.7099

Foods 2021, 10, 1158 9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.
30.
31.
32.

33.

34.

MAPA (Ministerio de Agricultura, Pesca y Alimentacién). I.G.P. Gofio Canario. Available online: https://www.mapa.gob.es/es/
alimentacion/temas/calidad-diferenciada/dop-igp/varios/gofio_canario.aspx (accessed on 24 April 2021).

Lujan, L.M.B.; Majem, L.S. Evolucién del consumo de alimentos y del estado nutricional de la poblacién adulta canaria entre
1964 y. Rev. Esp. Nutr. Comun. 2016, 22, 31-37.

Ciudad-Mulero, M.; Fernandez-Ruiz, V.; Matallana-Gonzélez, M.C.; Morales, P. Dietary fiber sources and human benefits: The
case study of cereal and pseudocereals. In Advances in Food and Nutrition Research; Academic Press: Cambridge, MA, USA, 2019;
Volume 90, pp. 83-134.

Gong, L.; Cao, W.; Chi, H.; Wang, ].; Zhang, H.; Liu, J.; Sun, B. Whole cereal grains and potential health effects: Involvement of
the gut microbiota. Food Res. Int. 2018, 103, 84-102. [CrossRef] [PubMed]

Gouseti, O.; Lovegrove, A.; Kosik, O.; Fryer, PJ.; Mills, C.; Gates, F.; Bakalis, S. Exploring the role of cereal dietary fiber in
digestion. J. Agric. Food Chem. 2019, 67, 8419-8424. [CrossRef]

Tegegne, W.A. Assessment of some heavy metals concentration in selected cereals collected from local markets of Ambo City,
Ethiopia. J. Cereals Oilseeds 2015, 6, 8-13.

Kormoker, T.; Proshad, R.; Islam, M.S.; Shamsuzzoha, M.; Akter, A.; Tusher, T.R. Concentrations, source apportionment and
potential health risk of toxic metals in foodstuffs of Bangladesh. Toxin Rev. 2020, 1-14. [CrossRef]

Rubio-Armendariz, C.; Paz, S.; Gutiérrez, A.].; Gomes Furtado, V.; Gonzalez-Weller, D.; Revert, C.; Hardisson, A. Toxic Metals in
Cereals in Cape Verde: Risk Assessment Evaluation. Int. |. Environ. Res. Public Health 2021, 18, 3833. [CrossRef]

Nordberg, G.F.,; Fowler, B.A.; Nordberg, M.; Friberg, L. Handbook on the Toxicology of Metals, 3rd ed.; Academic Press: Amsterdam,
The Netherlands, 2007.

EFSA. Statement on the evaluation on a new study related to the bioavailability of aluminium in food. EFSA J. 2011, 9, 2157.
[CrossRef]

EFSA. Panel on Contaminants in the Food Chain (CONTAM). Statement on tolerable weekly intake for cadmium. EFSA J. 2011,
9,1975.

Hernandez-Martinez, R.; Navarro-Blasco, I. Estimation of dietary intake and content of lead and cadmium in infant cereals
marketed in Spain. Food Control 2012, 26, 6-14. [CrossRef]

IOM (Institute of Medicine). Food and Nutrition Board of the Institute of Medicine of the National Academies. Dietary Reference Intakes
for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc;
National Academy Press: Washington, DC, USA, 2001.

Krejpcio, Z. Essentiality of Chromium for Human Nutrition and Health. Polish ]. Environ. Stud. 2001, 10, 399-404.

EFSA (European Food Safety Authority). Scientific Opinion on the risks to public health related to the presence of chromium in
food and drinking water. EFSA |. 2014, 12, 3595.

Dalton, D.A.; Russell, S.A.; Evans, H.J. Nickel as a micronutrient element for plants. BioFactors 1988, 1, 11-16. [PubMed]
Rodriguez-Jiménez, T.J.; Ojeda-Barrios, D.L.; Blanco-Macias, F.; Valdez-Cepeda, R.D.; Parra-Quezada, R. Ureasa y niquel en la
fisiologia de las plantas. Rev. Chap. Serie Hort. 2014, 22, 69-81. [CrossRef]

EFSA. Scientific opinion on the risks to public health related to the presence of nickel in food and drinking water. EFSA . 2015,
13, 4002-4204.

Nielsen, S.P. The biological role of strontium. Borne 2004, 35, 583-588. [CrossRef]

Nawab, J.; Farooqi, S.; Xiaoping, W.; Khan, S.; Khan, A. Levels, dietary intake, and health risk of potentially toxic metals in
vegetables, fruits, and cereal crops in Pakistan. Environ. Sci. Poll. Res. 2018, 25, 5558-5571. [CrossRef]

Khaneghah, A.M.; Fakhri, Y.; Nematollahi, A.; Pirhadi, M. Potentially toxic elements (PTEs) in cereal-based foods: A systematic
review and meta-analysis. Trends Food Sci. Technol. 2020, 96, 30—44. [CrossRef]

RD (Real Decreto). Real Decreto 538/2015, de 26 de junio, por el que se regula la realizacién de estudios, informes y analisis
comparativos sobre productos alimenticios. [Royal Decree 538/2015, of June 26, which regulates the performance of studies,
reports and comparative analysis on food products.]. BOE 2015, 153, 1-7.

TUPAC (International Union of Pure and Applied Chemistry). Nomenclature in Evaluation of Analytical Methods including
Detection and Quantification Capabilities. Pure Appl. Chem. 1995, 67, 1699-1723. [CrossRef]

AESAN (Agencia Espafiola de Consumo, Seguridad Alimentaria y Nutricion). Report of the Scientific Committee of the Spanish
Agency for Food Safety and Nutrition (AESAN) regarding criteria for the estimation of concentrations for the discussion proposals
for migration limits of certain heavy metals and other elements from ceramic articles intended to come into content with foodstuffs.
J. Sci. Comm. 2012, 16, 11-20.

EFSA. Update of the risk assessment of nickel in food and drinking water. EFSA J. 2020, 18, 6268.

EFSA (European Food Safety Authority). Scientific Opinion on Lead in Food. EFSA J. 2010, 8, 1570.

WHO (World Health Organization). Strontium and strontium compounds. Concise Int. Chem. Assess. Doc. 2010, 77, 1-63.

Brizio, P.; Benedetto, A.; Squadrone, S.; Curcio, A.; Pellegrino, M.; Ferrero, M.; Abete, M.C. Heavy metals and essential elements
in Italian cereals. Food Addit. Contam. PB 2016, 9, 261-267. [CrossRef]

Guo, T.R,; Zhang, G.P,; Zhang, Y.H. Physiological changes in barley plants under combined toxicity of aluminum, copper and
cadmium. Colloids Surf. B. Biointerfaces 2007, 57, 182-188. [CrossRef]

Bakircioglu, D.; Kurtulus, Y.B.; Ibar, H. Investigation of trace elements in agricultural soils by BCR sequential extraction method
and its transfer to wheat plants. Environ. Monit. Assess. 2011, 175, 303-314. [CrossRef]


https://www.mapa.gob.es/es/alimentacion/temas/calidad-diferenciada/dop-igp/varios/gofio_canario.aspx
https://www.mapa.gob.es/es/alimentacion/temas/calidad-diferenciada/dop-igp/varios/gofio_canario.aspx
http://doi.org/10.1016/j.foodres.2017.10.025
http://www.ncbi.nlm.nih.gov/pubmed/29389647
http://doi.org/10.1021/acs.jafc.9b01847
http://doi.org/10.1080/15569543.2020.1731551
http://doi.org/10.3390/ijerph18073833
http://doi.org/10.2903/j.efsa.2011.2157
http://doi.org/10.1016/j.foodcont.2011.12.024
http://www.ncbi.nlm.nih.gov/pubmed/3076427
http://doi.org/10.5154/r.rchsh.2014.11.051
http://doi.org/10.1016/j.bone.2004.04.026
http://doi.org/10.1007/s11356-017-0764-x
http://doi.org/10.1016/j.tifs.2019.12.007
http://doi.org/10.1351/pac199567101699
http://doi.org/10.1080/19393210.2016.1209572
http://doi.org/10.1016/j.colsurfb.2007.01.013
http://doi.org/10.1007/s10661-010-1513-5

Foods 2021, 10, 1158 10 of 10

35.

36.

37.

38.

39.

40.

41.

42.

Millour, S.; Noél, L.; Kadar, A.; Chekri, R.; Vastel, C.; Sirot, V.; Guérin, T. Pb, Hg, Cd, As, Sb and Al levels in foodstuffs from the
2nd French total diet study. Food Chem. 2011, 126, 1787-1799. [CrossRef] [PubMed]

Liu, H.; Probst, A.; Liao, B. Metal contamination of soils and crops affected by the Chenzhou lead/zinc mine spill (Hunan, China).
Sci. Total Environ. 2005, 339, 153-166. [CrossRef] [PubMed]

EC (European Community). COMMISSION REGULATION (EC) No 1881/2006 of 19 December 2006 setting maximum levels for
certain contaminants in foodstuffs. Off. |. Eur. Union 2006, 364, 5-24.

Tejera, R.L.; Luis, G.; Gonzélez-Weller, D.; Caballero, ].M.; Gutiérrez, A.].; Rubio, C.; Hardisson, A. Metals in wheat flour;
comparative study and safety control. Nutr. Hosp. 2013, 28, 506-513.

Rizwan, M.; Ali, S.; Ur Rehman, M.Z.; Javed, M.R.; Bashir, A. Lead toxicity in cereals and its management strategies: A critical
review. Wat. Air Soil Pollut. 2018, 229, 1-16. [CrossRef]

Caballero-Mesa, ].M. Estudio Toxicolégico, Higiénico-Sanitario y Nutricional del Gofio Canario. Ph.D. Thesis, Servicio de
Publicaciones, Universidad de La Laguna, San Cristébal de La Laguna, Spain, 2009.

EFSA (European Food Safety Authority). Scientific Report of EFSA. Lead dietary exposure in the European population. EFSA J.
2012, 10, 2831.

EFSA (European Food Safety Authority). Cadmium dietary exposure in the European population. EFSA J. 2012, 10, 2551.
[CrossRef]


http://doi.org/10.1016/j.foodchem.2010.12.086
http://www.ncbi.nlm.nih.gov/pubmed/25213958
http://doi.org/10.1016/j.scitotenv.2004.07.030
http://www.ncbi.nlm.nih.gov/pubmed/15740766
http://doi.org/10.1007/s11270-018-3865-3
http://doi.org/10.2903/j.efsa.2012.2551

	Introduction 
	Material and Methods 
	Samples and Sample Treatment 
	Analytical Method 
	Statistical Analysis 
	Dietary Intake Calculation 

	Results and Discussion 
	Content of Toxic Metals in Cereals and Derivative Products 
	Adult Dietary Intake Assessment 
	Children Dietary Intake Assessment 

	Conclusions 
	References

