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Abstract
The aim of this work was to determine the levels of Fe, Cu, Zn,
and Mn in samples of sausage, bird poultry-rabbit meat, viscera and
red meats, collected in the Canary Islands (Spain). Fe, Cu, Zn, and
Mn were analysed by Inductively Coupled Plasma Optical Emission
Spectrophotometry (ICP-OES). Mean levels of Fe, Cu, Zn, and Mn in
meat samples were as follows: 12.53 mg/Kg, 1.13 mg/Kg, 20.54 mg/Kg,
and 0.56 mg/Kg, respectively for sausage, 6.09 mg/Kg, 0.53 mg/Kg,
13.23 mg/Kg, and 0.23 mg/Kg, respectively for bird poultry-rabbit meat,
43.61 mg/Kg, 49.81 mg/Kg, 36.35 mg/Kg, and 2.12 mg/Kg, respectively
for viscera, and 12.93 mg/Kg, 0.87 mg/Kg, 33.15 mg/Kg and 0.11 mg/
Kg, respectively for red meats. The contribution percentage of the
analysed metals to Dietary Reference Intakes (DRI) and statistical
analysis of the Fe, Cu, Zn, and Mn contents were carried out.

Introduction
Although metals are perhaps the longest known toxic agents,
they are still of scientific interest. Hence, knowledge regarding their
potential toxic effects and mechanisms of action has increased in
recent years [1]. Metals as, e.g., iron, copper, zinc, and manganese
are considered essential for humans but lead to toxic effects when
ingested in excess, while lead and cadmium are considered toxic,
environmental contaminants found in food [2]. Food and water are
the main sources of metals for humans [3,4].
Almost all food products contain iron in varying portions, but
food of animal origin constitutes the major iron source to human
[5,6]. The key functions of iron encompass oxygen transport in blood
and muscle tissue (through haemoglobin and myoglobin), taking
part-along with copper-in redox processes, and an important role in
the biosynthesis of certain proteins like collagen and elastin.
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to other chemical elements, contents are extremely variable and
generally low. Food products of marine origin, mainly shellfish
(oysters and crustaceans), are rich in zinc, followed by red meat, dairy
(including eggs), and wholegrain cereals [10-12]. Zinc is involved in
biochemical processes, such as cell respiration and the use of oxygen
by the cell, both DNA and RNA synthesis, the preservation of the cell
membrane integrity, and the elimination of free radicals, a process
executed through a cascade of enzymatic systems [13].
The metals that act in redox processes in the brain, as is the
case with iron, zinc, and copper, play an important role in cellular
function. The maintenance of their adequate levels has been related to
the prevention of diseases like Alzheimer and multiple sclerosis [14].
Manganese is widely distributed in plants and animal tissues,
though at relatively low concentrations. Wholegrain cereals, dry
pulses, nuts, and tea are rich in manganese. Foods of animal origin
are considered poor sources of this element [6,7,15,16]. Manganese
is an essential nutrient to humans as it acts as an activator and a
constituent of various enzymes. It is involved in carbohydrate and
fatty acid metabolism and the synthesis of arginase and coenzyme
A and represents a component of metalloenzymes like superoxide
dismutase A [6,17].

The germ part of wholegrain seeds, nuts, pulses, liver, crustaceans,
and molluscs are rich in copper [7]. Copper acts as a cofactor in various
redox enzymes, in mitochondrial respiration, iron absorption, and
elastin synthesis. It is also required for the catalytic activities of many
metalloenzymes like cytochrome C oxidase, superoxide dismutase,
dopamine β-hydroxylase, lysyl oxidase, and tyrosinase [7,8]. Recently,
copper has been identified as a factor in prion disease prevention [9].

A high intake of iron as well as a high storage in the body has
been associated with a wide variety of chronic diseases [18]. Although
the problems by an overload of iron in the body’s tissues are less
common than the deficiency, these may cause complications such
as cirrhosis, liver cancer, diabetes, cardiomyopathy, hypogonadism
and arthritis among others. But perhaps the best known and most
studied syndrome caused by an excess of iron deposits in the body is
the hereditary hemochromatosis (an autosomal recessive disease that
causes an increase in the absorption of iron) [19,20].

Zinc is widely distributed in foods and beverages, but similar

Copper is an essential trace element that can be extremely toxic
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in excess due to the pro-oxidant activity of its ions [21]. It is an
element toxic to prokaryotic and eukaryotic cells, due to it can bind
to proteins and nucleic acids and cause the oxidation of lipids and
proteins [22]. Intoxication occurs by intakes voluntary or accidental
contamination of drinks. The regulation of the intracellular activity of
copper, as well as the mechanisms that maintain homeostasis of this
element, are considered crucial to maintain cell viability and prevent
phenomena of toxicity [22].
In general, zinc may be considered a non-toxic mineral; in fact it
is the least toxic trace element of all. However, zinc supplementation
in excess, can produce toxicity which would be characterized by
the decrease of immune function and gastrointestinal problems
(discomfort, vomiting, etc.). In patients with kidney failure who
are undergoing haemodialysis, the problem is more accused,
characterizing this toxic syndrome by anaemia, fever and disorders of
the central nervous system [23,24].
The toxic action of manganese is exerted on the pulmonary
epithelium and cerebral cortex, resulting in degenerative lesions.
There are also modifications of the voice, the word and writing, as well
as neurovegetative disorders and psychiatric symptoms, irritability,
violent behaviour and hallucinations [7,25,26].
Considering the nutritional value of the trace metals and the
fact that they can accumulate in food and lead to toxic effects in the
densely populated Canary Islands with their millions of tourists every
year, determination of metal contents in the different food types
consumed in the Islands is of major importance.

Materials and Methods
Samples
Different types of meat, made up of 140 samples, were analysed
and assigned to the following groups: cold meat, poultry-rabbit,
viscera, and red meat. Selection criteria were based on the percentage
of consumption of these products in the Canary Islands. The latter
data is published in the Canary Nutrition Survey 2000 [27].
The following samples were analysed in this study (number of
samples given in parenthesis): cooked ham (8), Serrano ham (6), spicy
sausage (4), hard cured sausage (3), salami (3), mortadella (4), chop
(6), chicken liver (10 ), calf’s liver (12), pork kidney (4), calf’s kidney
(6), chicken drumsticks (12), chicken breast (12), turkey breast (8),
rabbit (8), pork loin (6) pork chop (4), pork stew (3), pork tenderloin
(3), ground pork (2), calf steak (6), veal stew (4), ground veal (2), bull
veal (2), fillet of unweaned veal (2).
The meat samples were purchased randomly at different points
of sale throughout the island of Tenerife. Approximately 500-1000
g per sample, depending on the sample type, was acquired. Samples
were chosen from different brands to enhance sampling quality of
each type of sample material. The identified and classified samples
were homogenised. A representative portion was separated and
homogenized and a representative portion separated and stored in
clean polyethylene containers at -18° C until analysis, which was done
in triplicate.
The plastic and glass laboratory material used for sample
treatment and storage was maintained in 5% nitric acid for 24 hours
J Toxins 1(1): 7 (2014)

and subsequently washed twice with Milli-Q (Millipore, Milford,
MA) water to clean from and remove traces of metal.

Assessment of Iron, Copper, Zinc, and Manganese
A total of 20 g of homogenised sample was weighed into porcelain
crucibles. In order to prevent potential metal contamination,
disposable plastic was used for handling. Samples were then ovendried for at least 12 hours at a temperature of 60-80° C.
The crucibles with the samples were placed in a temperaturecontrolled muffle furnace, the temperature gradually raised
(approximately 25° C/hour) to 450 ± 25° C, which was held for 18-24
hours. The obtained white ash was dissolved in 1.5% nitric acid and
completed to a volume of 50 ml.
Metals were analysed by Inductively Coupled Plasma Optical
Emission Spectrophotometry (ICP-OES) [28,29] using the iCAP
6300 Duo spectrometer (Thermo Scientific). The following ICP-OES
conditions were applied: wavelength 259.9 nm for iron, 327.3 nm for
copper, 206.2 nm for zinc, and 257.6 nm for manganese; nebuliser
gas flow 0.5 l/min; auxiliary gas flow 0.5 l/min; approximate radio
frequency power 1150 W; sample injection pump flow 50 rpm.
The instrument detection and quantification limits for the
analysed metals were: iron 0.003 and 0.009 mg/l, respectively,
copper 0.004 and 0.012 mg/l, respectively, zinc 0.002 and 0.007 mg/l,
respectively, manganese 0.002 and 0.008 mg/l, respectively. These
were estimated based on the instrumental response of the equipment,
analysing 15 blank samples under conditions of reproducibility. The
standard curves of iron, copper, zinc and manganese were as follows:
Iron: 0.5-1-5-10-20-50 mg/l, respectively; Copper: 0.01-0.05-0.2-520-100 mg/l, respectively; Zinc: 0.5-1-5-10-20-50 mg/l, respectively
and Manganese: 0.01-0.05-0.2-1-2-5 mg/l, respectively.
Quality control of the analytical assay was performed using
Standard Reference Material 1577b Bovine Liver. The obtained
recovery was higher than 93% (Table 1). Throughout analysis, a blank
and a reference sample were measured every 20 samples.
Data homogeneity was determined by Kolmogorov-Smirnov test,
and Levene’s test was used for analysis of variance. As data were not
distributed normally, the non-parametric tests Kruskal-Wallis and
Mann Whitney U-test were performed.

Results and Discussion
The number of samples, their means, standard deviations,
and minimum and maximum are presented in Table 2. All food
groups studied had detectable concentrations of iron, copper,
zinc, and manganese. The group poultry-rabbit showed the lowest
concentrations in iron, copper, and zinc, (6.09 ± 1.78 mg/Kg, 0.53
± 0.20 mg/Kg, and 13.23 ± 5.77 mg/Kg, respectively). The lowest
concentration of manganese was assessed in red meat (0.11 ± 0.07
mg/Kg). The food group that had the highest concentrations of the
herein presented elements was that of viscera, with concentrations
ranging from 2.12 ± 1.13 mg/Kg of manganese to 49.81 ± 55.19 mg/
Kg of copper.
The following food groups are listed in decreasing order of iron
contents: viscera, red meat, cold meats, and poultry-rabbit. Decreasing
concentrations of copper were found from viscera to cold meat, red
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Table 1: Recovery study.
Concentration
Element

Material

Measured concentrationa
(mg/Kg)

Certified concentrationa,b
(mg/Kg)

Recovery (%)
93.2

Fe

SRM 1577b Bovine Liver

171.49±12

184±15

Cu

SRM 1577b Bovine Liver

150.88±4

160±8

94.3

Zn

SRM 1577b Bovine Liver

121.41±14

127±16

95.6

SRM 1577b Bovine Liver

9.80±1.6

10.5±1.7

93.3

Mn
Mean ± Standard deviation
i
Confidence interval: 95%
a

Table 2: Ion, copper, zinc and manganese content in types of meat studied (mg/Kg, wet weight).
Sausage (n=34)
Iron

Copper

Zinc

Manganese

12.53±9.21

1.13±1.17

20.54±6.83

0.56±0.80

Minimum

5.22

0.48

10.55

0.09

Maximum

49.85

6.62

40.23

3.82

Mean ± Standard deviation

Poultry-rabbit meat (n=40)
Iron

Copper

Zinc

Manganese

6.09±1.78

0.53±0.20

13.23±5.77

0.23±0.34

Minimum

3.22

0.17

5.97

0.08

Maximum

8.93

0.99

21.16

1.63

Mean ± Standard deviation

Viscera (n=32)
Iron

Copper

Zinc

Manganese

43.61±18.46

49.81±55.19

36.35±14.16

2.12±1.13

Minimum

15.18

1.29

16.09

0.21

Maximum

82.32

162.01

54.90

3.31

Mean ± Standard deviation

Red meats (n=34)
Iron

Copper

Zinc

Manganese

12.93±6.69

0.87±0.19

33.15±16.61

0.11±0.07

Minimum

3.49

0.52

8.64

0.06

Maximum

24.15

1.17

55.22

0.33

Mean ± Standard deviation

n: number of samples.

meat, and meat from the poultry-rabbit group. Zinc concentrations
from high to low were detected in viscera, red meat, cold meat, and
poultry-rabbit. Finally, manganese contents decreased from viscera
to cold meat, poultry-rabbit, and red meat.

biological samples is considered standard since the content of metals
in foods, both from plant and animal origin, accumulate from
several sources, ranging from ambient conditions to processing and
production methods [6].

Consequently, the highest levels among all the studied metals
were those of copper in viscera, and the lowest detected metal
concentrations corresponded to manganese in red meat (Table 2).

Table 3 gives a comparison between the data obtained in this
work and studies published between 1980 and 2011.

Comparison of the concentrations of iron, copper, zinc, and
manganese in the different studied meat groups led to the conclusion
that iron and copper concentrations were significantly higher in
viscera than in cold meat and red meat (p < 0.05), but in meat from
poultry and rabbits significantly lower than in the two aforementioned
groups (p < 0.05). Hence, the groups of cold meat and red meat turned
out to be statistically similar. As to zinc, the groups poultry-rabbit and
cold meat were characterised by significantly lower concentrations
than viscera and red meat (p < 0.05). Finally, all food groups differed
significantly from each other (p < 0.05) with respect to manganese
concentrations.
Of note, there was high data variability in some of the analysed
meat groups, particularly in viscera. However, this variability in

J Toxins 1(1): 7 (2014)

The iron concentration observed in the food group cold meat
(12.53 mg/Kg) was slightly higher than that described by Nuurtamo
et al., 1980 for Finland (7 mg/Kg in cooked ham) [30], similar to that
reported by Brito et al. for samples of loin and ham (10.08 and 8.33
mg/Kg, respectively) [31] and above the one found by Moreiras et al.
in 1992 in spicy sausage samples (2.4 mg/Kg) [32]. The concentration
of copper (1,13 mg/Kg) resembled that detected in mortadella (1.05
mg/Kg) by Ybáñez et al. in loin (1.59 mg/Kg) [33], and (1.77 mg/
Kg) by Brito et al. in ham [31], although it was higher than in the
samples of cooked ham (0.60 mg/Kg and 0.078 mg/Kg) described by
Nuurtamo et al. and Ybáñez et al., respectively [30,33] and that in
hard cured sausage (0.52 mg/Kg) reported by Hernández et al. [34].
The concentrations of zinc detected in this work (20.54 mg/Kg) were
comparable to those described by Brito et al. and Moreiras et al. for
loin and hard cured sausage with concentrations of 18.05 and 17 mg/
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Table 3: Comparison of concentrations of iron, copper, zinc and manganese in different types of meat obtained by other authors with our results (mg/Kg, wet weight).
References

Origin

Type of meat

Fe

Cu

Zn

Mn

[30]

Finland

Boiled ham

7

0.60

-

-

[30]

Finland

Chorizo

-

-

-

3

[33]

Spain

Boiled ham

-

0.078

-

-

[33]

Spain

Mortadella

-

1.05

-

-

[31]

Spain

Shoulder pork

10.08

1.59

18.05

0.38

[31]

Spain

Ham

8.33

1.77

14.04

0.39

[34]

Spain

Chorizo

-

-

7.8

-

[34]

Spain

Salchichon

-

0.52

1.6

-

[32]

Spain

Chorizo

2.4

-

12

-

[32]

Spain

Salchichon

-

-

17

24

[35]

Poland

Ducks, geese, chickens,
hens, rabbits and sheep
muscle

10-35

0.52-7.3

5.7-40

0.11-0.27

[35]

Poland

Ducks, geese, chickens,
hens, rabbits and sheep
liver

27-83

3.8-88

20-45

0.73-3.3

[35]

Poland

Ducks, geese, chickens,
hens, rabbits and sheep
kidney

50-180

2.8-15

21-30

0.90-1.90

[39]

Poland

Cattle muscle

23

1.2

34

0.11

[39]

Poland

Cattle liver

44

29

43

1.8

[39]

Poland

Cattle kidney

72

5.6

22

0.93

[40]

Spain

Calf muscle

-

0.677

47.8

-

[40]

Spain

Calf liver

-

64.6

47.7

-

[40]

Spain

Calf kidney

-

4.91

14.4

-

[40]

Spain

Cow muscle

-

1.26

52.7

-

[40]

Spain

Cow liver

-

60.3

59.8

-

[40]

Spain

Cow kidney

-

3.67

20.0

-

[38]

UK

Offal

-

50

52

-

[38]

UK

Meat products

-

1.4

25

-

[38]

UK

Poultry

-

0.85

15

-

[41]

Spain

Veal

-

0.666

47.4

-

[41]

Spain

Beaf

-

1.71

52.9

-

[41]

Spain

Cattle liver

-

53.3

45.4

-

[42]

Germany

Lamb

13.1

0.8

34.2

< 0.025

[36]

Switzerland

Lamb chop

20

1.1

23

0.167

[36]

Switzerland

Chicken breast

6

0.048

7

0.043

[36]

Switzerland

Sirloin steak

20

0.498

37

0.056

[36]

Switzerland

Pork loin

7

0.405

15

0.063

[44]

Chile

Veal

14

-

-

-

[37]

Chile

Rabbit

8.3

-

9.5

0.8

This study

Canary Islands

Sausage

12.53

1.13

20.54

0.56

This study

Canary Islands

Viscera

43.61

49.81

36.35

2.12

This study

Canary Islands

Poultry-rabbit meat

6.09

0.53

13.23

0.23

This study

Canary Islands

i meats

12.93

0.87

33.15

0.11
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Kg, respectively [31,32], although it was higher than that from the
other works consulted for comparison. Manganese concentrations
from this study (0.56 mg/Kg) were lower than those reported by
Nuurtamo et al. for spicy sausage samples (3 mg/Kg), but it was
similar to that described by Brito et al. for samples of loin and ham
with 0.38 and 0.39 mg/Kg, respectively [30,31].
In our samples from the poultry-rabbit group, iron (6.09 mg/
Kg), copper (0.53 mg/Kg), zinc (13.23 mg/Kg), and manganese (0.23
mg/Kg) levels were characterised by lower concentration ranges than
those proposed by Falandysz in 1991 for samples of duck, goose,
chicken, hen, and rabbit [35]. Furthermore, the iron concentrations
from this study were quite similar to those described by Gerber et al.
for chicken breast (6 mg/Kg) [36] and Valenzuela et al. in 2011 for
rabbit samples (8.3 mg/Kg) [37]. With regard to copper, our detected
concentrations were lower than those found by Ysart et al. in poultry
samples (0.85 mg/Kg) [38], although higher than those by Gerber et
al., in 2009 in chicken breast samples (0.048 mg/Kg) [36]. Mean zinc
concentrations in our samples were similar to those observed by Ysart
et al. in poultry (15 mg/Kg) [38], but higher than those detected by
Gerber et al. and Valenzuela et al. in samples of chicken breast (7 mg/
Kg) and of rabbit (9.5 mg/kg), respectively [36,37]. Manganese levels
were, alike zinc concentrations, above those published by Gerber et
al. for chicken breast (0.043 mg/Kg) [36], but lower than those by
Valenzuela et al. in rabbit samples (0.8 mg/Kg) [37].
In viscera, the iron concentrations from this study (43.61mg/Kg)
were virtually identical to those described by Falandysz in 1993 for
calf’s liver samples (44 mg/Kg) [39] although lower than those found
by the same author in calf’s kidney (72 mg/Kg). Comparing our data
for copper contents (49.81 mg/Kg) with other studies, we found them
lower than those detected by López Alonso et al. in samples of calf’s
liver (64.6 mg/Kg) and beef liver (60.3 mg/Kg) [40], higher than those
by Falandysz in calf’s liver (29 mg/Kg) and calf’s kidney (5.6 mg/Kg)
samples [39] and the ones by Lopez Alonso et al. in calf’s and beef
kidney samples (4.91 and 3.67 mg/Kg, respectively) [40] and very
close to those described by Ysart et al. for viscera (50 mg/Kg) [29]
and by Lopez Alonso et al. for calf’s liver (53.3 mg/Kg) [41]. The zinc
concentrations detected in this study (36.35 mg/Kg) were lower than
the ones described by Falandysz in calf’s liver (43 mg/Kg) [39], by
Lopez Alonso et al. in calf’s and beef liver samples (47.7 and 59.8 mg/
Kg, respectively) [40], by Ysart et al. in samples of viscera (52 mg/
Kg) [29], and by Lopez Alonso et al. in calf’s liver (45.4 mg/Kg) [41].
The manganese concentrations detected in this study (2.12 mg/Kg)
resembled those in calf’s liver (1.8 mg/Kg), though lower than those
in calf’s kidneys (0.93 mg/Kg), both described by Falandysz [39].
As to red meat, we observed similar iron concentrations (12.93
mg/Kg) to the overall described ones, although they were slightly
lower than those found by Falandysz in 1993 in veal samples (23
mg/Kg) [39] and by Gerber et al. in samples of lamb chop and veal
sirloin (20 mg/Kg in each) [36]. Copper contents in our samples (0.87
mg/kg) resembled closely those described by most of the consulted
authors: 1.2 mg/Kg in calf muscle [35], concentrations ranging
between 0.666 and 1.26 mg/Kg in beef and veal samples [40,41], 0.8
mg/Kg and 1.1 mg/Kg in lamb samples [36,42]. However, the herein
assessed copper concentrations were lower than those found by
Gerber et al. in veal sirloin (0.408 mg/Kg) and pork loin (0.405 mg/

J Toxins 1(1): 7 (2014)

Kg) [36]. Zinc concentrations in our samples (33.15 mg/Kg) were
higher compared to those described by Gerber et al. for samples of
pork loin and lamb chop (15 and 23 mg/Kg, respectively) [36], similar
to those found by Falandysz and again Gerber et al. in calf muscle
(34 mg/Kg) [36] and lamb (34.2 mg/Kg) [35], but lower than in the
rest of the studies consulted for comparison. Finally, manganese
concentrations assessed in this study (0.11 mg/Kg) were identical to
those described by Falandysz for calf muscle (0.11 mg/Kg) [39] and
higher than those set by Bellof et al. and Gerber et al. for Germany
and Switzerland [36,42] except for the value described by Gerber et
al. for lamb chop samples (0.167 mg/Kg) [36].
The total intakes of iron, copper, zinc, and manganese from the
consumption of cold meats, poultry-rabbit, viscera, and red meats,
as well as from the individual food groups in the Canary Islands and
each of the seven islands of the archipelago are shown in Table 4.
Iron intake in the Canary Islands stemming from the consumption
of cold meats, poultry-rabbit, viscera, and red meat was set at 1.1658
mg/day, with the highest intake in the island of Tenerife (1.3078 mg/
day) and the lowest in La Gomera (1.0105 mg/day). Among the four
food groups studied, red meat provided the most (0.5935 mg/day) and
viscera the least (0.0523 mg/day) iron intake to the overall population
of the Canary Islands. These food groups provide a total copper intake
of 0.1460 mg/day. The greatest intake of copper was detected on the
island of Fuerteventura (0.2465 mg/day) and the lowest in Lanzarote
(0.0867 mg day). In the Canary Islands, the group that contributes
most to the intake of this element is that of viscera, with an intake of
0.0598 mg/day; the smallest contribution stems from poultry-rabbit
meat with 0.0170 mg/day.
Cold meats, poultry-rabbit, viscera, and red meat provide a total
intake of 2.5219 mg/day of zinc in the Canary Islands, the highest
intake being observed in the island of Tenerife and the lowest in La
Gomera with 2.8166 and 2.2305 mg/day, respectively. Of note, red
meat (1.5216 mg/day) and viscera (0.0436 mg/day) represent the
food groups studied that provide the highest and lowest intake of
zinc, respectively. As to manganese, the herein presented food groups
contribute to a total of 0.0295 mg of manganese intake per day in the
Canary Islands. The islands of Fuerteventura and Tenerife have the
highest manganese intakes (0.334 and 0.333 mg/day) and La Gomera
the lowest (0.0245 mg/day). Cold meat and viscera (0.0145 mg/day
and 0.0025 mg/day, respectively) are the groups that contribute most
and least manganese to the diet.
Considering an average consumption of 25.9 g of cold meat per
person and day, 32.1 g of poultry-rabbit, 1.2 g of viscera, and 45.9 g
of red meat, as set by ENCA, 2000 for the population in the Canary
Islands, the contribution of the daily intake of these foods to the
Dietary Reference Intakes (DRI) should be taken into account. Even
though these DRIs are dietary recommendations both Canadian
and US, we opted for them to evaluate the metal intakes via the
herein studied food groups because they represent the most recent,
established dietary recommendations.
The DRIs for adults (men and women) for the elements analysed
in this study are as follows: 8-18 mg of Fe/day, 700-900 µg of Cu/
day, 8-11 mg of Zn/day, and 1.6-2.3 mg of Mn/day [43]. Therefore,
a consumption of 25.9 g of cold meat per person and day provides
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Table 4: Dietary intake of iron, copper, zinc, and manganese (mg/day) from the consumption of sausage, poultry-rabbit, viscera, and red meats in the Canary Islands.
Iron
Islas Canarias

Gran Canaria

Lanzarote

Fuerteventura

Tenerife

La Palma

La Gomera

El i

Sausage

0.3245

0.3371

0.2957

0.3446

0.3659

0.3533

0.3107

0.3797

Poultry-rabbit meat

0.1955

0.2095

0.1754

0.1699

0.2156

0.1845

0.1480

0.2058

Viscera

0.0523

0.0218

0.0000

0.1439

0.0654

0.0829

0.0087

0.0174

Red meats

0.5935

0.6025

0.6646

0.5392

0.6607

0.6142

0.5431

0.6103

TOTAL

1.1658

1.1709

1.1357

1.1976

1.3076

1.2349

1.0105

1.2132

Tenerife

La Palma

La Gomera

El Hierro

Copper
Islas Canarias

Gran Canaria

Lanzarote

Fuerteventura

Sausage

0.0293

0.0304

0.0267

0.0311

0.0330

0.0319

0.0280

0.0342

Poultry-rabbit meat

0.0170

0.0182

0.0153

0.0148

0.0188

0.0161

0.0129

0.0179

Viscera

0.0598

0.0249

0.0000

0.1644

0.0747

0.0946

0.0100

0.0199

Red meats

0.0399

0.0405

0.0447

0.0363

0.0445

0.0413

0.0365

0.0411

TOTAL

0.1460

0.1141

0.0867

0.2465

0.1709

0.1839

0.0874

0.1131

Zinc
Islas Canarias

Gran Canaria

Lanzarote

Fuerteventura

Tenerife

La Palma

La Gomera

El Hierro

0.5320

0.5525

0.4847

0.5649

0.5998

0.5792

0.5094

0.6224

Sausage
Poultry-rabbit meat

0.4247

0.4551

0.3810

0.3691

0.4683

0.4009

0.3215

0.4472

Viscera

0.0436

0.0182

0.0000

0.1200

0.0545

0.0691

0.0073

0.0145

Red meats

1.5216

1.5448

1.7039

1.3824

1.6940

1.5746

1.3923

1.5647

TOTAL

2.5219

2.5706

2.5697

2.4363

2.8166

2.6238

2.2305

2.6488

Manganese
Islas Canarias

Gran Canaria

Lanzarote

Fuerteventura

Tenerife

La Palma

La Gomera

El Hierro

0.0145

0.0151

0.0132

0.0154

0.0164

0.0158

0.0139

0.0170

Sausage
Poultry-rabbit meat

0.0074

0.0079

0.0066

0.0064

0.0081

0.0070

0.0056

0.0078

Viscera

0.0025

0.0011

0.0000

0.0070

0.0032

0.0040

0.0004

0.0008

Red meats

0.0050

0.0051

0.0057

0.0046

0.0056

0.0052

0.0046

0.0052

TOTAL

0.0295

0.0292

0.0255

0.0334

0.0333

0.0320

0.0245

0.0308

0.3245 mg Fe/day, resulting in 1.803-4.056% of the DRI; 0.0293 mg
Cu/day (29.3 µg Cu/day), corresponds to 3.255-4.186% of its DRI,
0.5320 mg Zn/day, corresponds to 4.836-6.650 % of its DRI, and
0.0145 mg de Mn/day represents 0.630-0.906 % of its DRI. On the
other hand, the consumption of 32.1 g of poultry-rabbit meat provides
0.1955 mg Fe/day, i.e., 1.086-2.444% of the DRI, 0.0170 mg Cu/day
(17.0 µg Cu/day), which corresponds to 1.889-2.429% of the DRI,
0.4247 mg Zn/day, i.e., 3.861-5.309% of the DRI, and 0.0074 mg Mn/
day, corresponding to 0.322-0.463% the DRI. The consumption of 1.2
g per person per day of viscera provides 0.0523 mg Fe/day, resulting
in 0.291-0.654% of its DRI, 0.0598 mg Cu/day (59.8 µg Cu/day), i.e.,
6.644-8.543% of the DRI, 0.0436 mg Zn/day, corresponding to 0.3960.545% of the DRI, and 0.0025 mg Mn/day, which corresponds to
0.109-0.156% of the DRI. Finally, the consumption of 45.9 g of red
meat provides 0.5935 mg Fe/day, resulting in 3.297-7.419% of the
DRI, 0.0399 mg Cu/day (39.9 Cu µg/day), i.e., 4.433-5.7% of the DRI,
1.5216 mg Zn/day, corresponding to 13.833-19.02% of the DRI, and
0.0050 mg Mn/day, i.e., 0.217-0.313 of its DRI.
The daily meat consumption in the population of Canary Island
accounts for 8% of all types of food consumed. Therefore, other food
J Toxins 1(1): 7 (2014)

sources that can provide iron, copper, zinc, and manganese have to
be taken into account.

Conclusions
Whereas meat consumption in the Canary Islands accounts for
only 8% of intake of the herein analysed metals, other sources that can
contribute to their intake should be considered. The data resulting
from this study demonstrate the need to assess metal concentrations
in food to establish safe, overall intakes for the population.
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