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Abstract

Objectives The aim of this study was to analyze iron, copper and zinc concentrations in commercial foods and
compare among food formats (dry, canned, raw), foods marketed by age category (adult 1+ years and senior 7+
years) and foods intended for adult maintenance vs all life stages.

Methods In total, 112 commercial non-therapeutic food products marketed for healthy adult and senior cats were
purchased in the USA. Foods were analyzed for their proximate composition. Trace mineral concentrations were
measured using inductively coupled argon plasma-optical emission spectroscopy and described on a calculated
metabolizable energy basis using standard modified Atwater values.

Results Measured iron (median 58.4mg/1000kcal [range 15.7-379.0]), copper (median 5.6 mg/1000 kcal [range
0.8-13.3]) and zinc (median 47.6mg/1000kcal [range 7.6-128.1]) concentrations were highly variable among cat
foods. When all food products — regardless of their nutritional adequacy substantiation method — were compared
with the Association of American Feed Control Officials regulatory minimums, 13/112 food products had a mineral
deficiency, of which a majority (n = 11/13) were raw food products. Raw foods had significantly lower trace mineral
concentrations compared with dry food products and, except for copper, canned food products. Cat foods marketed
for senior cats had higher iron (P=0.019) and zinc (P <0.0001) concentrations than foods marketed for adult cats.
Foods intended for adult maintenance had higher iron (P=0.003) and zinc concentrations than foods intended for
all life stages (P <0.0001).

Conclusions and relevance Iron, copper and zinc concentrations in commercial non-therapeutic foods for adult
and senior cats are highly variable. A minority of foods — mainly raw food products — were deficient in these
minerals. It is unknown if some foods with high trace mineral concentrations could have adverse effects as studies
are needed to establish safe upper limits for dietary intake of trace minerals in healthy cats.
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Accepted: 28 May 2021

Introduction

Diet is the main source of the trace minerals copper (Cu), bioavailability of other nutrients (eg, Zn interferes with
iron (Fe) and zinc (Zn), and adequate dietary intakes of ~Cu absorption) or might lead to accumulation in tissues
these minerals are essential to maintain normal physi- of cats, especially the kidney and liver.3-¢

ological status and health in cats. These minerals are

absgrbed by intestinal epithelial cells and transported | Oregon State University, Corvalis, OR, USA

to tissues for use as cofactors or structural components ?Long Island University-Post, Old Brookville, NY, USA

of proteins that are vital for a variety of physiological suniversity of California, Davis, CA, USA

functions.! In health, the liver, kidney and other tissue
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The adverse effects of Cu, Fe and Zn accumulation in
the body is known in some species. Chronic Cu toxico-
sis results in liver disease in people, and dietary Cu is
a risk factor for the development of copper-associated
hepatitis in Labrador Retrievers.”® Chronic Fe overload
causes organ dysfunction leading to hepatic failure, car-
diomyopathy, diabetes mellitus, neurodegenerative dis-
ease and kidney injury in people.® In dogs, hepatic failure
secondary to chronic administration of a Fe supplement
or repeated blood transfusions has been reported.!0!!
In people, extremely high Zn intake results in adverse
effects associated with Cu deficiency, including cytopenia
and impaired immune function.'? In rats, excess Zn intake
results in kidney dysfunction and hypertension.!® Little
information is available regarding mineral tolerances in
cats.14

The Association of American Feed Control Officials
(AAFCO) and the European Pet Food Industry Federation
(FEDIAF) provide nutrient concentration guidance for
commercial pet foods (see the Appendix in the supple-
mentary material).!>1® Many authorities in the USA, as
well as in Costa Rica and Puerto Rico, have adopted
AAFCO model guidelines as part of their states” feed
control laws. Manufacturers that sell pet food in these
countries are required to include nutritional adequacy
statements on labels. The FEDIAF is a trade association
that provides guidelines that its members and other
manufacturers in Europe follow through self-regulation.
Both AAFCO and FEDIAF base their nutrient guidelines
at least partly on the data summarized by the National
Research Council (NRC), which provides dietary require-
ments for cats (see the Appendix in the supplementary
material).'” These published guidelines from the AAFCO,
FEDIAF and NRC are established based on interpretation
of the published literature and expert opinion. Currently,
no AAFCO maximums exist for Cu, Fe and Zn in cat food,
and the NRC provides a safe upper limit (SUL) only for
Zn (>600mg/kg dry matter). The safety range for Cu, Fe
and Zn in commercial cat food is expected to be wide for
healthy adult cats.

The concentrations of Cu, Zn and Fe in over-the-counter
dry dog foods have been measured previously.!® The
concentrations of these minerals in commercial over-the-
counter cat foods is unknown. Therefore, the objective of
the study was to measure Cu, Fe and Zn concentrations in
commercial non-therapeutic cat food marketed for adult
and senior cats. The secondary objective was to com-
pare mineral concentrations between food formats (dry,
canned and raw foods), marketed age category (adult 1+
and senior 7+ years), and foods intended for adult main-
tenance and all life stages based on the AAFCO nutri-
tional adequacy statement on the products’ label.

Materials and methods

Cat foods

The Cu, Fe and Zn data for this study were from a food
analysis performed in two previously published studies

that evaluated calcium and phosphorus content in com-
mercial adult and senior cat foods.!?0 Cat foods were
categorized based on the marketing terms for specific
life stages on the label’s principle display and on the
intended use based on being formulated or feeding tri-
aled for specific life stages as indicated by the label’s
nutritional adequacy statement. Food (dry, canned and
raw) marketed for adult and senior cats were purchased
from grocery and pet stores in the Fort Collins, CO, USA
area. Cat foods marketed for adults (1+) or all life stages
were categorized as adult cat foods. All adult cat food
products were assessed in stores prior to purchase and
grouped according to food format, and an online ran-
domization tool was used to select the final sample pop-
ulation. All senior cat food products were purchased,
and, if available, two lot numbers for each product were
purchased for analysis.

Adult and senior cat foods were purchased and
shipped for analysis in April 2019 and August 2019,
respectively. After purchase, food was stored based on the
manufacturer recommendation for the product. Foods
were thawed, if needed, and aliquoted into coded con-
tainers so that laboratory technicians were blinded to the
product information. Samples were shipped overnight
on ice to a commercial laboratory (Midwest Laboratory,
Omaha, NE, USA) for food analysis.

Food analysis

Food samples were homogenized prior to analysis.
Moisture, crude fiber, crude protein, crude fat and ash
were determined using proximate analysis by previously
validated Association of Official Agricultural Chemists
(AOAC) official methods.?! Total Cu, Fe and Zn con-
centrations were determined using inductively coupled
argon plasma-optical emission spectrometry (AOAC
985.01). The lower limit of detection for total Cu, Fe and
Zn were 1.0ppm, 5.0ppm and 1.0 ppm, respectively. The
reported inter-assay coefficient of variance (CV) for the
analysis was 10%. Mineral concentrations were converted
to mg/1000kcal on a ME basis using modified Atwater
factors applied to concentrations of measured protein,
measured fat and carbohydrate by difference as recom-
mended by AAFCO.1

Statistical analysis

Adult and senior cat food products were designated as
intended for adult maintenance or for both adult mainte-
nance and growth and reproduction (sometimes referred
to as all life stages) based on the AAFCO nutritional ade-
quacy statement on the product’s label (see the Appendix
in the supplementary material). The inclusion of any Fe,
Cu and Zn food additives were recorded from the ingre-
dient lists.

Data were analyzed using statistical software
(GraphPad Prism version 9.1.0). The percentage differ-
ence in trace mineral concentrations between the two lot
numbers for the senior cat food products was calculated,
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Table 1 Measured iron, copper and zinc concentrations in all cat foods analyzed, in foods marketed for adult (1+
years) or senior (7+ years) cats, in each food format and in Association of American Feed Control Officials (AAFCO)

nutritional adequacy claim categories

Copper (mg/1000kcal ME)

All foods (n=112) 5.6 (0.8-13.3)
Adult (n=281) 5.6 (0.8-13.3)
Senior (n=31) 5.7 (3.1-10.5)

Food format

Dry (n=51) 6.0 (3.2-10.5)2
Canned (n=41) 5.2(1.4-13.3)
Raw (n = 20) 3.6 (0.8-8.1)°

AAFCO Nutritional Adequacy Statement claim
Adult maintenance (n =62) 5.5 (2.9-10.5)
All life stages (n =50) 5.8 (0.8-13.3)

Iron (mg/1000kcal ME) Zinc (mg/1000kcal ME)

58.4 (15.7-379.0)
54.8 (16.7-135.2)2
64.9 (29.8-379.0)°

47.7 (7.6-128.1)
43.6 (7.6-105.6)¢
57.2 (35.6-128.1)°

61.4 (29.8-104.5)
59.3 (24.5-379.0)2
34.5 (15.7-74.4)°

57.0 (17.2-122.2)a
43.8(21.3-128.1)°
18.7 (7.6-43.2)°

60.9 (28.2-379.0)2
48.1 (15.7-106.3)

56.1 (23.0-128.1)a
35.7 (7.6-76.0)°

Data presented as median (range) and are based on calculated calorie content. Columns bearing a different superscript letter in each category
(ie, adult and senior cat foods, food format, and AAFCO Nutritional Adequacy Statement claim) were statistically different from each other.
For senior foods, 26/31 were analyzed as two product lot numbers and are presented as an average value

ME = metabolizable energy

and the average for the two lot numbers was used for
statistical analysis. Regardless of the method of AAFCO
adequacy substantiation (eg, formulated, family product
and food trial), measured mineral concentrations were
compared with the minimum concentrations recom-
mended by the AAFCO Cat Food Nutrient Profiles for
adult maintenance and growth and reproduction on a
calorie basis. Considering the inter-assay CV, a food was
deemed deficient in a trace mineral when the calculated
trace mineral content was >10% below the minimum
AAFCO value. The Shapiro-Wilk test was used to test
normality of the data. Non-parametric tests were used for
group analysis. The measured Fe, Cu and Zn concentra-
tions were compared among food formats (dry, canned,
raw) using the Kruskal-Wallis test with Dunn’s multiple
comparisons test. Mineral concentrations were compared
between foods marketed for senior cats and foods for
adult cats and between foods intended for adult mainte-
nance and foods intended for all life stages based on the
AAFCO nutritional adequacy statement using the Mann—
Whitney U-test. Descriptive data are presented as median
(range). A P value <0.05 was considered significant.

Results

Cat food descriptions

In total, 112 food products marketed for adult (n=81)
and senior cats (n =31) were purchased in the following
formats: canned (n =41); dry (n=>51); and raw (n=20).
Two lot numbers were available for the majority (84%;
n=26/31) of senior foods; thus, a total of 138 food sam-
ples were analyzed (81 adult cat food samples; 57 senior
cat food samples). The percentage difference in Cu, Fe
and Zn concentrations between the two lot numbers for

senior cat food products was 10%, 7% and 10%, respec-
tively. Measured mineral concentrations (Cu, Fe, Zn) in
the cat foods are presented in Table 1. A complete list of
products is provided in the supplementary material.

Three products in the dry format category contained
extruded kibble as well as freeze-dried raw pieces. Frozen
(n=11) and freeze- or air-dried (n=9) products com-
prised the raw food category, and all raw foods were mar-
keted for adult cats. Based on the nutritional adequacy
statements on the labels, foods were formulated to meet
AAFCO Cat Food Nutrient Profiles for adult maintenance
(55/112 foods); were formulated for all life stages (41/112
foods); had undergone feeding trials adult maintenance
(7/112 foods); or were established as family members
under AAFCO Pet Food Product Families procedures
for all life stages (9/112 foods). The main protein source
based on the food ingredient list in the majority of foods
was poultry (chicken, n =33; turkey, n=11; duck, n=9;
poultry byproducts, n =5; quail, n = 3) followed by beef
(n=12), fish (salmon, n = 12; tuna, n = 4; mackerel, n =2;
unspecified fish, n =2; sardine, n = 1), pork (n = 5), rabbit
(n=>5),lamb (n =4), venison (n = 3) and unspecified meat
byproducts (n=1).

When all products regardless of their substantiation
method were compared with AAFCO regulatory mini-
mums for their respective life stage claim (adult main-
tenance or all life stages), 13/112 foods had at least one
trace mineral deficiency (Table 1). Of the 96 foods formu-
lated to meet the AAFCO Cat Food Nutrient Profile (vs
those that underwent feeding trials or were established as
product family members), seven had one or more mineral
deficiencies; therefore, the majority (89/96 foods) were
in compliance with their respective nutritional adequacy



Summers et al

369

statement. Of the 16 foods that were either food trialed
or family products, six had one or more mineral deficien-
cies when compared with the AAFCO Cat Food Nutrient
Profiles for the respective life stage claim.

Copper

Most foods contained a Cu additive (87%; n=97/112),
including Cu sulfate, Cu proteinate and Cu amino acid
chelate. No foods contained Cu oxide. Three foods (2.6%;
3/112) were deficient in Cu based on the minimum value
for adult maintenance (range 0.84-0.91mg/1000 kcal
ME). These three deficient foods did not have a Cu addi-
tive listed on the ingredient list and were categorized
as raw foods, as foods marketed for adult cats and as
foods intended for all life stages (2/3 family products;
1/3 formulated products). Although AAFCO designates
a separate minimum value for dry and canned foods for
growth and reproduction, no value is specified for raw
foods (see the Appendix in the supplementary material).
For canned (n = 15) and dry (n = 16) foods intended for all
life stages, one dry food (3.2mg/1000 kcal ME) and one
canned food (1.4mg/1000kcal ME) were deficient in Cu
based on the minimum value for growth and reproduc-
tion. These foods had at least one copper additive and
were marketed for adult cats.

Dry foods had higher Cu concentrations when com-
pared with raw foods (P = 0.01); no difference was found
between dry and canned foods (P =0.2) and between
raw and canned foods (P = 0.5). No difference was found
between foods marketed for adult cats and those for
senior cats (P =0.4), and between foods intended for
adult maintenance and foods intended for all life stages
(P=0.3; Table 1).

Iron

Most foods contained a Fe additive (79%; 89/112) includ-
ing ferrous sulfate, Fe proteinate and Fe amino acid
chelate. No food had Fe carbonate or Fe oxide. Three
foods (2.7%; n=3/112) were deficient in Fe (range 15.7-
16.9mg/1000kcal ME). These three Fe-deficient foods
did not have an iron additive listed on the ingredient list,
were categorized as raw foods, were marketed for adult
cats and were intended for all life stages (all formulated
products).

Raw foods had lower Fe concentrations compared
with dry and canned foods (P <0.0001). Foods mar-
keted for senior cats had higher Fe concentrations when
compared with those for adult cats (P =0.019). Fe con-
centrations were higher in foods intended for adult main-
tenance when compared with foods intended for all life
stages (P =0.003; Table 1).

Zinc

Most foods (88%; n=98/112) had at least one Zn addi-
tive, including Zn sulfate, Zn proteinate, Zn amino acid
chelate and Zn oxide. Of the 98 foods with a Zn additive,

16 contained Zn oxide, a less absorbable form of Zn used
as a coloring agent.!® Eight foods (7%; n=_8/112) were
deficient in Zn (range 7.6-16.5mg/1000kcal ME). These
eight Zn-deficient foods did not have a Zn additive, and
all were categorized as raw, as foods marketed for adult
cats and as foods intended for all life stages (5/8 family
products; 3/8 formulated products). None of the 16 foods
with Zn oxide additive had a Zn concentration below
the minimum AAFCO value (median 52.5mg /1000 kcal;
range 23.0-128.1).

Zinc concentrations were different between dry,
canned and raw foods (dry vs canned, P =0.008; raw vs
dry and raw vs canned, P <0.0001). Foods marketed for
senior cats had higher Zn concentrations compared with
those for adult cats (P <0.0001). Zinc concentrations were
higher in foods intended for adult maintenance compared
with foods intended for all life stages (P <0.0001; Table 1).

Discussion

We found the mineral content of the cat foods assessed
in this study to be highly variable overall. Most foods
(n=99/112), regardless of their substantiation method,
met the AAFCO minimums, and a minority of foods
(12%; n=13/112) had at least one trace mineral defi-
ciency based on their respective AAFCO nutritional
adequacy statement. No regulatory maximums for cat
foods exist for Cu, Fe or Zn due to the scarcity of data
available to regulatory agencies regarding SULs of these
trace minerals in cats. The NRC suggests the SUL of Zn
is above 600mg/kg diet on a dry matter basis (roughly
extrapolated to be above 150 mg/1000kcal, assuming
the diet caloric density is 4000 kcal /kg dry matter) for at
least short periods of time.'> The NRC defines SUL as the
maximum concentration of a nutrient that has not been
associated with adverse effects, and SULs are reported
when data are available.?2 None of the foods included in
our study exceeded the NRC SUL for Zn. To date, data are
not available to determine the SUL of Cu and Fe in cats,
and therefore it is unknown if some foods in our study
with trace mineral concentrations in the upper ranges
could have adverse effects. To our knowledge, there are
no reports of trace mineral deficiency or toxicity second-
ary to dietary intake in adult cats fed a commercial food
product.

All 13 foods with a trace mineral deficiency were
marketed for adult cats (ie, no senior cat foods) and the
majority (n=11/13) were raw products. Although the
nutritional adequacy of none of these 11 raw foods was
substantiated using AAFCO feeding trials, 6/11 foods
were from the same raw food manufacturer and were
family products based on the AAFCO adequacy state-
ment. A family member product is similar in a limited
number of ways to a lead product that was subject to
animal feeding tests. The family members must match
the lead products’ format (canned, dry, etc) and mois-
ture content, and must be similar in dry matter calorie
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content, as well as concentrations of crude protein, cal-
cium, phosphorus, Zn, lysine, thiamin, potassium and
taurine.? Although family members or products that have
undergone feeding trials are not required by AAFCO to
meet the minimum values in the Nutrient Profiles, those
foods with measured trace mineral concentrations below
the regulatory limit are a concern regardless of method
of substantiation.

In addition to the specific mineral deficiencies noted,
raw foods had significantly lower trace mineral concen-
trations overall when compared with dry food products
and, except for Cu, canned food products. This finding
points to the low number of raw food products with min-
eral additives. Of the 20 raw cat food products, only six
products contained a Fe (n=5/6), Zn (n=6/6) and/or
Cu (n=6/6) food additive. Of those 14 raw foods without
a mineral additive, all had a Fe (n=3/14), Cu (n=3/14)
and/or Zn (n=8/14) deficiency based on the AAFCO
minimum value for adult maintenance. In general, raw
food products without a mineral additive accounted
for most food products with values below the AAFCO
minimum for adult maintenance. Pet food manufacturers
should be more stringent in ensuring adequate and con-
sistent concentrations of essential nutrients, either by the
using ingredients that provide a natural source of trace
minerals or by the addition of trace mineral additives,
especially when applying the AAFCO product family
procedures. In addition, with the high popularity of raw
foods, veterinarians should obtain a dietary history for
every cat, and diet must be considered if there are clinical
signs consistent with trace mineral deficiency.?>?*

Ingredient sources of minerals in cat foods come from
animal and plant ingredients, as well as mineral-containing
additives. Depending on the natural ingredients used
in a food product, additives containing Fe, Cu and Zn
may be added to meet the regulatory minimum for these
trace minerals in cat food. As expected, we found that
most commercial cat foods (Fe, 79%; Cu, 87%; and Zn,
88% of foods) declared on the label a mineral additive.
Some mineral additives added to cat foods are poorly
digestible (especially Fe or Cu oxide and Fe carbonate),
and according to AAFCO these sources of trace minerals
should not be considered in determining the minimum
nutrient concentration.!® The bioavailability of Zn oxide
for cats remains unknown but is likely lower than other
sources based on data from other species.?>% Research is
needed to determine the utility of Zn oxide for cats of all
life stages.

Homeostasis of the trace minerals Fe, Cu and Zn is
regulated to avoid deficiency and toxicity, both of which
can lead to life-threatening health conditions. In veteri-
nary medicine, Cu toxicosis is of great concern, especially
in dogs. The liver is the preferential site for Cu accumu-
lation, and excess dietary Cu is normally excreted in
bile.?2 When Cu homeostasis is disrupted and excretory

pathways are overwhelmed, toxicity occurs, resulting
in free radical-induced oxidative damage and cellular
toxicity.” A growing concern is the role commercial pet
foods play in Cu accumulation in the liver of both healthy
dogs and in those with primary and secondary hepatopa-
thies.”182829 In cats, primary Cu-associated hepatopathy
and secondary Cu accumulation in other liver diseases
has been reported.®-33 Similar to dogs,” Cu can accumu-
late in the tissue of cats, especially the kidney and liver.3#
In addition, the amount of dietary Cu correlated with
tissue concentrations in cats and concentrations in the
liver of cats reflect dietary intake.®3* Therefore, the lack of
defined maximum regulatory standards in commercial cat
foods raises concern for potentially high dietary intakes
with consequential accumulation of these trace minerals.
To our knowledge, there are no reports of adverse effects
directly related to excess Cu intake or liver accumulation
in adult cats, which is the likely reason for no suggested
SUL by the NRC. In addition, the role of dietary Cu intake
in cats in the development of primary Cu-associated
hepatopathy is unknown and causes beyond gene muta-
tions continue to be elucidated.? Whether excessive accu-
mulation of trace minerals in the tissues can cause disease
in cats remains unknown.

The bioavailability of trace minerals varies between
ingredient sources, whether natural meat, plant sources
or food additives. We did not evaluate the bioavailability
of Fe, Cu and Zn in the commercial cat foods, nor could
we determine the proportions of each mineral contributed
by the various sources. Several factors, beyond the inher-
ent bioavailability of the additive or natural ingredient,
contribute to trace mineral bioavailability. For example,
plant-based ingredients containing phytate inhibit Zn and
Fe absorption;>%% increased dietary Zn concentrations
reduce absorption of Cu by interfering with Cu uptake in
enterocytes;® and macro-mineral dietary concentrations
(eg, calcium, magnesium and phosphorus) may interfere
with trace mineral absorption.?%” Therefore, deficiency
can occur even with apparently adequate dietary intake.?
Without bioavailability data, the clinical significance of
the study findings is unknown; however, deficiencies are
still a concern for products that did not meet the AAFCO
minimum values.

Our study had limitations. Owing to the large number
of adult cat food products available to the consumer, we
were only able to subsample from products available for
purchase in the Fort Collins, CO, USA area. Therefore, our
results are not representative of all cat food products. It
should also be noted that the equation used to estimate
ME values for Cu, Fe and Zn from analyzed carbohy-
drate, protein and fat content relies on modified Atwater
factors as recommended by the AAFCO.?2 However, this
formula has limitations when applied to different types
of cat foods with varying digestibility and fiber content,
which may lead to underestimated ME values for highly
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digestible, lower fiber foods and overestimated ME
values for less digestible, higher-fiber foods.?? Lastly,
only one lot number for the adult cat foods was analyzed,
and potential variability among lot numbers for these
products was not evaluated in this study.

Conclusions

The concentrations of the trace minerals Cu, Fe and Zn
in commercial over-the-counter cat foods for adult and
senior cats are highly variable. This finding might be due
to differences in mineral concentrations in natural ingre-
dients, differences in internal standards established by
pet food manufacturers and the lack of regulatory maxi-
mums for cat foods. Foods intended for adult mainte-
nance had higher Fe and Zn concentrations than foods
intended for all life stages. Foods marketed for senior
cats had higher Fe and Zn concentrations than foods
marketed for adult cats. Some foods, mainly raw food
products, were deficient in trace minerals, and raw food
products had significantly lower trace mineral concen-
trations overall compared with dry food products and,
except for Cu, canned food products.
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