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19. Zinc content in liver and kidney of piglets slaughtered in Portugal
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Abstract
The aim of this work was the evaluation of zinc content in piglet’s liver and kidney, which was performed after
detection of high concentration of this element in several pig’s feeding stuff in the analysis carried out under
the official control, in Portugal. Determinations were executed by flame atomic absorption spectrophotometry
(FAAS) after mineralization. Analytical quality control was carried out using control standards. A total of 46
piglets’ offals samples (23 livers and 23 kidneys) from the Aveiro’s district slaughterhouses were analyzed. As
expected zinc was detected in all samples analyzed and concentrations were higher in liver than in kidney.
The highest values found were 720.73 mg/kg in liver and 472.86 mg/kg in kidney (values considerably higher
than usually reported in investigations carried out by different authors).

Introduction
Zinc is one of the essential elements in diet required by all animals and plays an important role in several
body’s processes and biochemical functions, both as structural component of proteins and as enzyme
cofactors. Zinc is present in many enzyme systems that are concerned with the metabolism of feed constituents.
Different sources of zinc are used as supplementation of the diet in order to cover the physiological animal
requirements. However, excess zinc is toxic and its ingestion in high quantities can be harmful for both animal
and human health, after consumption. Too much zinc will interact competitively with the metabolism of
other minerals in the body, particularly iron, calcium and copper. Zinc chelates are used as growth promoters
and diarrhea preventive in weaning pigs (1). Gary L. Cromwell experiments showed that pigs fed the high
zinc diet consumed more feed, gained at a faster rate and were more efficient in converting feed to gain
than the controls. Zinc requirements in dietary are different according to class of animal. Levels of range are
based on age, sex, stage of production and other ration components. A level of 2000 mg/kg Zn produces
depression, arthritis, intramuscular haemorrhage, gastritis and enteritis (Straw et al., 2006). Pigs fed 268 mg/
kg Zn (Straw et al., 2006), developed arthritis, bone and cartilage deformities and internal haemorrhages.
However, one important aspect is the form and bioavailability of zinc source, because it influences the toxic
doses of zinc intake. It was demonstrated that different zinc salts will lead a different response to the animal
health. Feeding 3000 mg/kg Zn as zinc oxide for 14 days has shown increased weight gains and postweaning
scours without adverse signs.
In this study, determinations of zinc were performed in pig’s liver and kidney samples. The samples were
collected in the central region of the country, where the tradition of eating piglet and its offals is stronger.
Metals tend to accumulate in animal’s livers and kidneys, which are the most commonly eaten offals. This
kind of food normally contains higher concentrations of this metal than other meat products. Taking that
into account, this study pretends to determine whether the zinc concentrations in these offals present a
risk for human health when consumed. In order to evaluate possible relationship with other elements,
determinations of copper, iron and manganese were also performed.
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Material and Methods
A total of 46 piglets’ offals samples (23 livers and 23 kidneys), from the Aveiro’s district slaughterhouses,
were analyzed. Determinations were executed by flame atomic absorption
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Figure 1 shows the relationship between zinc values in liver and kidney of each animal. Statistic description
is shown in table 2.
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spectrophotometry (FAAS) after mineralization, according to an internal procedure based on EN ISO 6869
and EN 14082. The samples were dried ashed at 450 oC under a gradual increase in temperature. The ash was
dissolved in hydrochloric acid and diluted to the desired volume, then aspirated into the air-acetylene flame
of the atomic absorption spectrometer. The metal contents of the samples were derived from the calibration
curve, which was made up of 5 standards and prepared by diluting a standard solution with hydrochloric acid.
Different standards were used to assure analytical quality control.

Figure 1. Zinc determinations in piglets’ liver and kidney.

Results
Results obtained in liver and kidney samples of zinc, copper, manganese and iron, for each animal, are
presented in table 1.

Table 2 : Statistic description (Zn). no Samples

Table 1: Concentration of zinc, copper, manganese and iron in piglet’s liver and kidney (mg/kg).

Determinations of copper, iron and manganese were also performed in order to evaluate its relationship
and eventual interaction with zinc high values. Correlations among them were presented in tables 3 and 4.

As expected, zinc was present in all samples analyzed. However some samples showed concentration
values above the usually described for these matrices by other authors. According to K. L. Gabrielson et al.
(1996), a control group of piglets revealed zinc levels of 40-90 mg/kg in liver. Considering the maximum value
(90 mg/kg) as reference, in our study we found 43% above this level. For kidney, zinc values described in
literature usually ranged around 30 mg/kg. Taking that value as reference, there are 17% of cases above this
value. It is worth referring that the highest value found for liver (720.73 mg/kg) and the highest value found
for kidney (472.86 mg/kg) are from the same animal.

264

265

Epidemiology and control of hazards in pork production chain – SAFEPORK
One health approach under a concept of farm to fork

Material and Methods
A total of 46 piglets’ offals samples (23 livers and 23 kidneys), from the Aveiro’s district slaughterhouses,
were analyzed. Determinations were executed by flame atomic absorption

Safepork 2015 Posters

Figure 1 shows the relationship between zinc values in liver and kidney of each animal. Statistic description
is shown in table 2.

Instituto Nacional de Investigação Agrária e Veterinária, I.P. - UEISTSA
￼
spectrophotometry (FAAS) after mineralization, according to an internal procedure based on EN ISO 6869
and EN 14082. The samples were dried ashed at 450 oC under a gradual increase in temperature. The ash was
dissolved in hydrochloric acid and diluted to the desired volume, then aspirated into the air-acetylene flame
of the atomic absorption spectrometer. The metal contents of the samples were derived from the calibration
curve, which was made up of 5 standards and prepared by diluting a standard solution with hydrochloric acid.
Different standards were used to assure analytical quality control.

Figure 1. Zinc determinations in piglets’ liver and kidney.

Results
Results obtained in liver and kidney samples of zinc, copper, manganese and iron, for each animal, are
presented in table 1.

Table 2 : Statistic description (Zn). no Samples

Table 1: Concentration of zinc, copper, manganese and iron in piglet’s liver and kidney (mg/kg).

Determinations of copper, iron and manganese were also performed in order to evaluate its relationship
and eventual interaction with zinc high values. Correlations among them were presented in tables 3 and 4.

As expected, zinc was present in all samples analyzed. However some samples showed concentration
values above the usually described for these matrices by other authors. According to K. L. Gabrielson et al.
(1996), a control group of piglets revealed zinc levels of 40-90 mg/kg in liver. Considering the maximum value
(90 mg/kg) as reference, in our study we found 43% above this level. For kidney, zinc values described in
literature usually ranged around 30 mg/kg. Taking that value as reference, there are 17% of cases above this
value. It is worth referring that the highest value found for liver (720.73 mg/kg) and the highest value found
for kidney (472.86 mg/kg) are from the same animal.

264

265

Epidemiology and control of hazards in pork production chain – SAFEPORK
One health approach under a concept of farm to fork

Concerning liver, the mean value obtained (161.3 mg/kg) is much higher than median value (73.2 mg/
kg). The last one is closer to the median of results for liver in 6 months pigs observed by M. Lopez-Alonso
et al. (2007) which was 78.5 mg/kg. Kidney’s mean value (47.6 mg/kg) was also much greater than median
value (19.1 mg/kg) and greater than the one of M. Lopez-Alonso et al. obtained (28.9 mg/kg). However,
comparisons of data from different studies must be done carefully because we must take into account that
zinc and other metals concentration in issues depend on some factors such as age, sex and nutritional habits
(data not available in our study). The big difference between these

two statistical measures (mean and median) leads to conclusion that there is a great dispersion of the results
(leading to a great standard deviation); although the majority of values are close to the generally described
in literature for this matrices there are some of them excessively raised, comparing to the concentrations
considered adequate for piglets
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(1)

Zinc concentrations in the samples analyzed in this study were given in fresh weight. For liver, concentrations
ranged from 30.3 mg/kg to 720.7 mg/kg and for kidney it ranged from 16.2 mg/kg to 472.9 mg/kg. All
concentrations were significantly higher in liver than in kidney.
In what concerns zinc, the coefficient correlation found between liver and kidney was quite high (almost
0.8). Between liver and kidney, manganese presents a moderate correlation (almost 0.6) and there were weak
correlations concerning copper and iron (table 3). There were no significant correlations among all elements
studied except between zinc and iron that presents a moderate correlation of 0.54 (table 4).
Conclusion
Zinc concentrations obtained were higher in liver than in kidney and there was a good correlation between
them. Although we found several zinc values considerably higher than usually reported in investigations
carried out by different authors, there were no significant correlations among all elements studied except a
moderate correlation between zinc and iron. The values found for other elements than zinc seem similar to
those usually reported.
In conclusion, the results obtained demonstrate the exposure of piglets (and indirectly of humans)
to excess concentrations of zinc. They suggest that it is really important to continue the offal ́s control of
piglets slaughtered as well as the feeding stuffs. In some regions of the country this kind of food is specially
appreciated and the concentration values obtained shows that it could be dangerous for human health. In
2014 EFSA launched a call (3) to collect data on the official feed control on zinc monitoring. A critical review
of the zinc concentration of feed materials and the calculated background zin concentration of complete feed
supports the possibility of a considerable reduction of the currently authorised maximum concentration for
total zinc in feed.
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