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Abstract

There is little information on the levels of chemical elements in pet food considering the dietary requirements as well as
risk assessment of toxicity. This study aimed to determine the essential and toxic elements in dry and canned foods for dogs
and cats and estimate their daily intake. We compared the levels of the chemical elements between the dry and wet
(canned) food to the levels recommended by the Association of American Feed Control Officials (AAFCO) and the
European Pet Food Industry Federation (FEDIAF) and the maximum tolerable level proposed by European Commission
(EC). In addition, the estimated daily intake (EDI) for each one of the elements through food was calculated. Seventy-six
dry food samples (dogs n = 62 and cats n = 14) from 43 brands and 12 canned foods (dogs n = 6 and cats n = 6) from 5
brands, were purchased from Brazilian supermarkets. Mean levels of all essential elements reached the minimum level
recommended by AACFO. Selenium levels were very close to the maximum limit proposed by AAFCO. Besides, the iron
concentrations in canned (moist) food were statistically higher than in dry food and its EDI for cats (54 mg/day x kg body
weight) exceeded the maximum limit recommended by FEDIAF. Regarding the toxic metals, the concentrations of
mercury and cadmium, in dry and canned food, were considerably higher than the maximum tolerable level proposed by
EC. Overall, the results show that levels of essential elements are in agreement with the nutrient requirement. On the other
hand, mercury and cadmium in pet food are an issue of concern.

Keywords Chemical elements - Pet food - Dietary requirements - Daily intake - Risk assessment

1 Introduction Due to the relatively high demand for pet services and

products, a variety of pet food has been progressively

Surveys have shown that pet ownership has increased in
the United States with about 70% of people having at least
one pet (APPA 2013). In Brazil, data from 2013 indicate
that 52.2 million dogs are owned as pets with 44.3% of the
homes having at least one dog; for cats, the numbers are
estimated to be 22.1 million cats distributed across 17.7%
of the homes (at least one cat per home) (IBGE 2013).
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introduced in the market. Dry, canned, semi-moist, and
frozen-chilled foods are currently available options that
have been developed based on the pets’ breed, size, health
condition, and age (Duran et al. 2010; Costa et al. 2013).
The main difference between the three basic forms of
commercial pet foods (dry, semi-moist, and canned) is the
water content. Dry foods usually contain < 11% water,
semi-moist foods between 25 and 35% and canned (moist)
food between 60 and 87% water (Zicker 2008).

Pet foods are formulated to address the specific nutri-
tional requirements, as recommended by the Association of
American Feed Control Officials (AAFCO 2003). Contin-
uous ingestion of either insufficient or excessive amount of
essential elements leads to structural disorders that will
depend on the element, level and time of the dietary defi-
ciency, age, sex and the animal species (Priego-Capote and
Luque de Castro 2004). Furthermore, deficiency of essen-
tial nutrients can lead to diseases such as anemia, while its

@ Springer


http://orcid.org/0000-0002-2216-9013
http://crossmark.crossref.org/dialog/?doi=10.1007/s00003-018-1178-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00003-018-1178-5&amp;domain=pdf
https://doi.org/10.1007/s00003-018-1178-5

360

A. C. C. Paulelli et al.

overconsumption may lead to accumulation in the body,
causing intoxication (Gonzalez-Martin et al. 2006). In the
same way, pets that are fed with diets containing high
amounts of harmful chemical elements are at risk of
intoxication. In both scenarios, monitoring the risk is
highly necessary to ensure homeostasis and avoid both
short- and long-term pet intoxication. For instance, Furr
et al. (1976) found that arsenic, lead, bromine, cadmium,
chromium, mercury were present at high concentrations in
cat food containing fish proteins. On the other hand, Duran
et al. (2010) found that the concentrations of copper, iron,
nickel, lead, manganese, chromium and, cadmium in pet
food from Turkey were within the levels recommended by
the local authorities. Nonetheless, evaluations on the
chemical elements concentrations in pet food and their
implication considering their dietary requirements as well
as the risk of toxicity are still scarce in the literature.
Therefore, this study aimed to determine essential and
toxic elements in dry and canned foods for dogs and cats.
Moreover, the data obtained were compared with the levels
recommended by regulatory agencies and the daily intake
for each one of the elements was estimated.

2 Materials and methods
2.1 Reagents, accessories and instrumentation

All reagents used were of analytical grade and were
purchased from Fluka (St. Louis, United States). The
nitric acid (14 M HNOs, Synth, Sdo Paulo, Brazil, was
previously purified in quartz sub boiler (Kiirner, Rosen-
heim, Germany). A clean lab and laminar flow hood
(Filter flux, Piracicaba, Brazil) capable of producing a
class 100 was used to prepare the solutions. High-purity
deionized water (resistivity 18.2 MQ/cm) obtained from a
Milli-Q water purification system (Millipore, Milli-Q
RiOs, Bedford, MA, United States) was used throughout.
Plastic bottles and glassware were cleaned by soaking in
10% (v/v) HNO; for 24 h, rinsed 5 times with Milli-Q
water and dried in a class 100 laminar flow hood before
use. A multi-element stock solution containing 10 mg/l
was obtained from PerkinElmer (Norwalk, CT, United
States). Rhodium was used as internal standard at 10 pg/l
(PerkinElmer, Norwalk, CT, United States). The deter-
mination of the chemical elements was performed using
an inductively coupled plasma mass spectrometer (ICP-
MS, ELAN DRC II, PerkinElmer, United States). The
ICP-MS was operated with a sampler and skimmer plat-
inum cones.
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2.2 Sampling and analysis

The most consumed pet food in Brazil is the dry type. The
canned type is consumed to a lesser extent compared to the
dry type. Therefore, 76 samples of dry food for adult pets
(dogs n =62 and cats n = 14) comprising 43 different
brands and 12 canned foods for adult pets (n = 6 for dogs
and n = 6 for cats) comprising 5 different brands, were
purchased from supermarkets of the states of Minas Gerais
and Sdo Paulo (Southeast Brazil, the most populous
region). Considering the dry foods for dogs, approximately
36.5% was from beef, 60.3% from chicken and, 3.2% from
fish. The dry foods for cats presented beef (38%), chicken
(44%) and fish (18%) as the primary source of protein. In
canned food, for dogs, the main sources of protein were
beef (67%), sheep (16.5%) and fish (16.5%) and for cats
were fish (83.5%) and beef/liver (16.5%).

After quartering, fifty grams of each sample (in tripli-
cate) were individually milled using an electric ultra-cen-
trifugal mill (Retsch ZM200 with DR100 auto-sampler,
Haan, Germany) at 6000 rpm, homogenized and, sieved
(0.25 mm). The samples were weighted (0.1 g) and 5 ml
HNO; 20% v/v + 2 ml H>O, 30% v/v were added. The
digestion was conducted in a closed vessel microwave
system (Milestone ETHOS 1600, Sorisole, Italy), accord-
ing to Nardi et al. (2009). The volume was made up to
25 ml and the samples were analyzed by ICP-MS. The
limits of detection (LOD) were estimated from blank
analyses (10 replicates) and determined as 3 times the
standard deviation (SD) of blanks signals divided by the
slope (S) of the calibration curve from each element
(LOD =3 x SD/S). The found LODs (in ng/g) were:
cobalt (Co) = 0.3, strontium (Sr) = 0.42, rubidium (Rb) =
0.72, vanadium (V) = 0.19, magnesium (Mg) = 5.6, cal-
cium (Ca) = 373, molybdenum (Mo) = 0.4, phosphorus
(P) = 43.8, uranium (U) = 0.04, aluminum (Al) = 0.60,
antimony (Sb) = 0.80, manganese (Mn) = 0.40, selenium
(Se) = 0.75, zinc (Zn) = 0.28, copper (Cu) = 0.90, iron
(Fe) = 2.5, arsenic (As) = 0.70, lead (Pb) = 0.20, cadmium
(Cd) = 0.60, nickel (Ni) = 0.50, mercury (Hg) = 0.50 and,
chromium (Cr) = 0.40.

2.3 Quality control for analysis

The method accuracy was evaluated by analyzing the
standard reference materials (SRM) 8415 (whole egg
powder), SRM 1568a (rice flour) and, SRM 1577 (bovine
liver) from the National Institute of Standard and Tech-
nology (NIST, United States). The SRMs were analyzed
after every 10 ordinary samples. The recoveries ranged
from 95 to 105% and 1.3 to 4.3, respectively.
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2.4 Estimated daily intakes

The estimated daily intakes (EDI) of the elements were
calculated in the present study as

EDI = [E] x M/W

where EDI is the estimated daily intake (ng/kg x day) of
the elements per kg of body weight, [E] is the mean con-
centration (pug/kg) of the chemical element found in pet
foods, M is the mass of the pet food consumed daily
(kg/day) and W is the weight (kg) of pet animals. The
correspondent food consumption (in grams) and the aver-
age weight of dogs and cats were based on the Canadian
report (GBC 1996).

2.5 Statistics

Mean levels of the chemical elements in canned and dry
foods were compared by using t-Test. The level of signif-
icance was set at 0.05. Statistical analyses were done using
the GraphPad Prism 5.0 software (GraphPad Software Inc.,
La Jolla, CA, United States).

3 Results and discussion

Essential elements in pet diets have to be maintained within
narrow limits to protect the functional and structural
integrity of the tissues and to ensure adequate growth,
health, and development. The recommendations of AAFCO
and FEDIAF are the most commonly used in Brazil for
essential elements. However, the maximum tolerable levels
of toxic elements were proposed by the European Com-
mission (EC 2012). The maximum concentrations recom-
mended by FEDIAF and AAFCO are the maximum level of
a nutrient that has not been associated with adverse effects
in healthy dogs and cats. Levels exceeding the nutritional
maximum may still be safe. Considering the undesirable
substances, the maximum levels preconized by the Euro-
pean Commission are applied for products used for animal
feed. If this limit is exceeded, the source must be identified
to decrease or eliminate the contamination.

The concentrations of essential elements in dog and cat
food are presented in Table 1, along with the recommended
concentrations established by the AAFCO (2003) and
FEDIAF (2011). Considering these recommended limits,
these agencies proposed different values for the different
age periods. The present study included only feed for adult
animals; therefore, we compared the results with the rec-
ommended limits corresponding to that age period.

In general, mean levels of essential elements in dog and
cat foods are above the minimum recommended by AAFCO
(2003). For most of the essential elements, there is no

maximum limit, which makes it difficult to assess the risk.
The concentrations of iron (dog = 910 and cat = 896 mg/
kg), zinc (dog = 235 mg/kg), copper (dog =25.7 + 15.4
mg/kg) and selenium (dog = 1.5 + 0.19 and cat = 1.2 £
0.43 mg/kg) were statistically higher (p < 0.05) in canned
foods compared to dry foods (Table 1).

Iron concentration in dry food showed agreement with
those provided by Costa et al. (2013) which evaluated dry
food for dogs purchased from Brazilian supermarkets
(mean = 337 mg/kg). Their values were higher than the
mean found by Duran et al. (2010) in wet pet food from
New Zealand (71 £ 3.4 mg/kg) and the minimum recom-
mended by FEDIAF (2011). In the present study, we
observed some samples with iron above the maximum limit
recommended by FEDIAF (2011) for dogs and cats
(2032 mg/kg and 1913 mg/kg, respectively, in canned
foods, Table 1).

The EDI is a prediction of the daily intake based on the
amount of the chemical element determined in pet food
samples and the best available food consumption data for a
specific population. However, there are no limits defined
for EDI for pet foods. Considering cats that only eat canned
food, the EDI for iron was estimated to be about
54 mg/day x kg body weight (Table 3), close to a single
dose concentration of this metal (60 mg/kg body weight)
administered to swine orally that produced toxicity (Dean
et al., 1996). Similarly, Rallis et al. (1989) observed hep-
atocellular necrosis and death in sheep daily supplemented
with 40 mg/kg body weight of iron for 22 weeks.

The mean levels of zinc in dog and cat dry food
(133 mg/kg and 167 mg/kg, respectively) and in cat can-
ned food (158 mg/kg) are within the same range of those
found by Kelly et al. (2013) in commercially dry dog food
(79-330 mg/kg) from the United States (Table 1).

Selenium mean concentrations in dry food (0.56 mg/kg
for dog and 0.74 mg/kg for cat) and canned food (1.5 mg/
kg for dog and 1.2 mg/kg for cat) (Table 1) were higher
than the maximum limit proposed by FEDIAF (2011) and
higher than those found by Kelly et al. (2013) in dry dog
food (0.22-0.79 mg/kg). However, Todd et al. (2012)
observed that cats fed with high selenium levels (2 mg/kg)
did not show symptoms of toxic effects, only increased
urinary excretion of selenium. Goehring et al. (1984)
studied pigs and observed decreased growth and feed
intake when the doses of selenium were 4 and 8 mg/kg
feed, respectively. On the other hand, Grotto et al. (2018)
showed that after 85 days of selenium supplementation (2
and 6 mg/l in drinking water) there was an augment of the
systolic blood pressure in Wistar rats. Therefore, the high
levels of selenium found in pet foods are of concern and
should continuously be monitored.

Dog and cat canned food samples had mean values of
45.6 and 41.3 mg/kg of copper, respectively (Table 1).
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These levels, about twice the maximum limit (28 mg/kg)
recommended by FEDIAF (2011), are not considered toxic
as the EDI for copper was lower than the dose which
adverse effects are observed (WHO 1998). Despite its
essentiality, copper can be toxic at high concentrations, and
chronic toxicity may be associated with liver disorders
(Rifkin and Miller 2014). Therefore, copper is an issue of
concern in pet foods and need to be continuously
monitored.

Magnesium and calcium concentrations are within the
limits recommended by FEDIAF (2011). For phosphorus,
the level in dogs’ dry food was within but very close to the
upper limit recommended by AAFCO (2003). Molybde-
num, vanadium, and cobalt concentrations are in agreement
with the levels reported in the study of Kelly et al. (2013),
which also analyzed dog food from Brazil.

Risk assessment of the levels of the toxic elements
arsenic, lead, cadmium, and mercury in food is critical as
they can produce deleterious effects such as DNA damage,
lipid peroxidation, depletion of protein containing sulthy-
dryl groups, and others. These harmful actions may cause
liver toxicity, neurotoxicity, nephrotoxicity and genotoxi-
city (Valko et al. 2005; Jomova and Valko 2011). The
concentrations of toxic elements in dog and cat foods and
the maximum tolerable level proposed by European
Commission (2012) are given in Table 2. Arsenic and lead
concentrations were below the limit (EC 2012). Lead was
found in levels twice higher in dry food than in canned
food. The EDI for arsenic (0.63 mg/day kg body weight)
(Table 3) was higher for dogs that eat dry food (Neiger and
Osweiler 1992; Byron et al. 1967). The EDI for lead was
below the dose at which adverse effects (reduction of feed
intake, weight loss, and mortality) were observed in dogs.
Cadmium concentration in dry and canned foods was

higher than the maximum tolerable level (EC 2012) and
lower than the dose (30 mg/kg) at which Loeser and Lorke
(1977) observed no toxicity effects in rats. Although the
cadmium levels were lower than that found in the study of
Loeser and Lorke, our findings show that cadmium in pet
food may pose the animals at risk as nowadays new toxic
effects are known about the presence of cadmium in the
organism, even at very low levels (Lovasova et al. 2013).

Mercury is potentially related to the content of fish in
pet foods as this element can accumulate in the marine
environment and biota (Morel et al. 1998; Rahman et al.
2012). The mercury concentration was higher than the
maximum tolerable level (EC 2012) for pets eating dry and
canned food. However, the EDI is below the dose for
effects such as ataxia, loss of equilibrium and motor
incoordination in cats (74 mg/day x kg body weight)
(Charbonneau et al. 1976).

No maximum tolerable limit was found in the literature
for aluminum, strontium, and uranium in pet foods. Con-
sidering the maximum tolerable level in the swine’s food
for aluminum (1000 mg/kg) and strontium (2000 mg/kg)
and rodent’s food for uranium (100 mg/kg), the levels
found in our samples are lower (NRC 2005). On the other
hand, considering the highest EDI observed for aluminum
(4.5 mg/day x kg body weight, for cats eating dry food)
and uranium (11.5 pg/day x kg body weight for dogs
eating dry food) (Table 2), the doses are above those ones
for toxic effects (Katz et al. 1984; Pettersen et al. 1990;
Maynard et al. 1953).

The mean levels of chromium in dog’s dry food and
nickel in cat dry food (5.1 and 1.0 mg/kg, respectively) and
chromium in canned food (6.1 and 5.1 mg/kg, for dog and
cat, respectively) (Table 2) were higher than those reported
by Tuzen and Soylak (2007) (0.19-0.52 mg/kg) and Ikem

Table 2 Levels (mean + SD (min-max)) of toxic elements in pet food and their respective maximum tolerable level

Element Dry food Canned food Maximum
tolerable
Dog Cat Dog Cat level®

Pb (mg/kg)  0.29 £ 0.21 (0.06-1.4)**  0.21 + 0.11 (0.07-0.4) 0.16 £ 0.04 (0.09-0.22) 0.10 £ 0.03 (0.05-0.15) 5

As (mg/kg)  0.17 £ 0.11 (0.07-0.9) 0.18 £ 0.08 (0.09-0.3) 0.17 £ 0.06 (0.11-0.30) 0.39 £ 0.26 (0.16-0.91)** 2

Al (mg/kg) 99 + 95 (12-519)** 75 £ 68 (24.7-251) 38.8 + 24.5 (13.8-87) 18.2 + 6.4 (12.2-34.6) NA

Sr (mg/kg) 39.6 £ 4.07 (35.5-43.6)* 45 + 21 (16.8-92)* 25.1 £ 17.7 (7.5-52) 20.0 £ 12.4 (9.3-39.5) NA

Ni (mg/kg) 1.0 £ 0.35 (0.5-2.7) 1.0 £ 0.4 (0.4-1.9) 09 £ 04 (0.3-1.4) 1.2 £ 0.8 (0.6-3.6) NA

U (pg/kg) 310 £ 30 (280-340)** 49.0 £ 65 (8.2-285) 16.0 £ 13.0 (5.0-34.0) 10.0 £ 8.1 (2.0-27.0) NA

Cd (ng/kg) 19.3 £ 9.8 (8.8-63) 20.1 £ 8.9 (10.2-38.7) 41.9 £+ 18.6 (18.2-65)**  24.8 £+ 3.7 (0.02-0.03) 2

Hg (pg/kg) 1.8 £ 1.5 (0.13-7.5) 1.8 £ 1.3 (0.1-4.3) 28.1 £ 14.9 (7.5-54)** 29.1 £ 26.5 (0.4-79)** 0.1

Sb (ng/kg) 11.8 + 9.0 (2.1-49.6) 17.9 £ 12.5 (2.0-68)** 54 4+ 53 (2.8-21.8) 54+ 47 (1.7-15.7) NA

NA not available

*p < 0.05, **p < 0.01. Asterisks indicate differences when comparing the levels of the elements obtained in canned versus dry food and vice

versa

“European Commission Directive 2002/32/EC (EC 2012)
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Table 3 Estimated daily intake of essential and toxic elements in dry food and canned food commercialized for dogs and cats. Animal weights
corresponding to the adult period (35 kg for dogs and 2.5 kg for cats) and their daily food consumption (1.3 kg/day and 0.15 kg/day for dogs and

cats, respectively) were obtained from GBC (1996)

Essential elements Dry food Canned food Nonessential elements Dry food Canned food
Dog Cat Dog Cat Dog Cat Dog Cat
Fe (mg/day x kg bw) 13.45 23.04 33.80 53.76 Pb (mg/day x kg bw) 0.01 0.01 0.01 0.01
Zn (mg/day x kg bw) 4.94 10.02 8.73 9.48 As (mg/day x kg bw) 0.63 0.01 0.01 0.02
Mn (mg/day x kg bw) 1.40 1.55 0.86 224 Al (mg/day x kg bw) 3.68 4.50 1.44 1.09
Cu (mg/day x kg bw) 0.59 0.99 0.95 1.21 Sr (mg/day x kg bw) 1.47 2.70 0.93 1.20
Rb (mg/day x kg bw) 0.43 0.62 0.52 0.53 Cr (mg/day x kg bw) 0.19 0.31 0.23 0.31
Mo (mg/day x kg bw) 0.03 0.05 0.04 0.05 Ni (mg/day x kg bw) 0.04 0.06 0.03 0.07
Se (mg/day x kg bw) 0.02 0.04 0.06 0.07 U (ng/day x kg bw) 11.51 2.94 0.59 0.60
V (mg/day x kg bw) 0.01 0.02 0.01 0.02 Cd (pg/day x kg bw) 0.72 1.21 1.56 1.49
Co (mg/day x kg bw) 0.01 0.01 0.00 0.01 Hg (pg/day x kg bw) 0.07 0.11 1.04 1.75
Mg (g/day x kg bw) 0.06 0.09 0.03 0.04 Sb (pg/day x kg bw) 0.44 1.07 0.20 0.32
Ca (g/day x kg bw) 0.52 0.94 0.25 0.42
P (g/day x kg bw) 0.59 1.13 0.52 0.82

bw body weight

and Egiebor (2005) (0.0-0.30 mg/kg) in canned foods for
dogs or cats.

The concentration of antimony in dry food were 11.8
and 17.9 pg/kg in dog and cat, respectively (Table 2). For
canned food, we found lower levels (5.4 pg/kg in dog and
cat). Severe weight loss, diarrhea, vomiting, muscle
weakness and difficulty in moving hind limbs were effects
observed in dogs who ingested 6,600 pg/day x kg body
weight of antimony (Fleming 1982). Our findings were
below to this dose. The highest antimony EDI observed
were for pets that eat dry foods (0.44 and 1.1 pg/day x kg
body weight for dogs and cats, respectively (Table 3).

For chromium, nickel, and antimony no maximum tol-
erable level for food of dogs and cats exists. However,
when considering the maximum tolerable intake level
suggested by National Research Council for nickel (for
cattle = 100 mg/kg), antimony (for rodents = 70-150 mg/
kg) and chromium (for swine = 100 mg/kg) (NRC 2005)
our results are lower. The highest and lowest EDI for nickel
in this study were 0.07 and 0.03 mg/day x kg body
weight, respectively (Table 3). These concentrations are
below the NOAEL (no observed adverse effect level)
(25 mg/day x kg body weight) observed by Ambrose et al.
(1976).

4 Conclusion
Our findings show that almost all the essential elements in
pet food are in agreement to nutrient requirement and are

within the safe maximum limit and minimum recom-
mended by AACFO and FEDIAF. However, iron,

@ Springer

selenium, and copper concentrations in canned food were
statistically higher than in dry food and above the maxi-
mum safe limit. The levels of mercury and cadmium are
predominant in canned foods and were higher than the
maximum tolerable level (EC 2012). Therefore, there is a
concern about the concentrations of chemical elements in
pet food indicating that constant measures are needed to
ensure the pet food safety.
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