Assessment of protein and amino acid
concentrations and labeling adequacy
of commercial vegetarian diets
formulated for dogs and cats
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Objective—To determine measured crude protein (CP) and amino acid (AA) concentrations
and assess labeling adequacy of vegetarian diets formulated for dogs and cats.

Design—Cross-sectional study.
Sample—13 dry and 11 canned vegetarian diets for dogs and cats.

Procedures—Concentrations of CP and AAs were determined for each diet. Values were
compared with the Association of American Feed Control Officials (AAFCO) Dog and
Cat Food Nutrient Profiles. Product labels were assessed for compliance with AAFCO
regulations.

Results—CP concentration (dry-matter basis) ranged from 19.2% to 40.3% (median,
29.8%). Minimum CP concentrations for the specified species and life stage were met by
23 diets; the remaining diet passed appropriate AAFCO feeding trials. Six diets did not meet
all AA minimums, compared with the AAFCO nutrient profiles. Of these 6 diets, 1 was
below AAFCO minimum requirements in 4 AAs (leucine, methionine, methionine-cystine,
and taurine), 2 were below in 3 AAs (methionine, methionine-cystine, and taurine), 2 were
below in 2 AAs (lysine and tryptophan), and 1 was below in 1 AA (tryptophan). Only 3 and 8
diets (with and without a statement of calorie content as a requirement, respectively) were
compliant with all pet food label regulations established by the AAFCO.

Conclusion and Clinical Relevance—Most diets assessed in this study were not compli-
ant with AAFCO labeling regulations, and there were concerns regarding adequacy of AA
content. Manufacturers should ensure regulatory compliance and nutritional adequacy of
all diets, and pets fed commercially available vegetarian diets should be monitored and as-
sessed routinely. (J Am Vet Med Assoc 2015;247:385-392)

Popularity of vegetarian and vegan diets for humans has ABBREVIATIONS
increased for ethical, ecological, and health reasons, AA Amino acid
and this influences pet food choices for some families.!* 08 . .
In addition, vegetarian diets are often used for veterinary ~ AAFCO  Association of American Feed Control Officials
patients with conditions such as hepatic encephalopathy, 8';/' grude %Otem
food allergies, and urate and cystine urolithiasis. How- ME Mry matter

etabolizable energy

ever, for several reasons, vegetarian pet foods have been
linked to concerns related to nutritional adequacy. Veg-
etarian protein sources are often poor sources of specific
essential vitamins (vitamin D, vitamin A, niacin, and co-
balamin), fatty acids (arachidonic acid, docosahexaenoic
acid, and eicosapentaenoic acid), and minerals (calcium
and potassium).’ In addition, plants are highly variable
in protein concentration and provide incomplete AA
profiles for meeting the needs of pets. Therefore, vegetar-
ian diets must be appropriately formulated and balanced,
including the use of proper supplementation with puri-
fied sources of essential AAs when indicated.

Adequate protein and AA intake is an important
consideration for both dogs and cats. Cats are more lim-

ited than dogs in their ability to conserve nitrogen and
AAs in the face of inadequate dietary intake.* In addition,
sulfur-containing AAs (methionine, cystine, and taurine)
are found primarily in animal protein. Although it is not
used for protein synthesis, taurine is a required dietary
nutrient for cats and is important for several physiologic
processes, including retinal function, cardiac function,
reproduction, and growth.” Taurine is considered con-
ditionally essential for dogs because they have the meta-
bolic capacity to synthesize it when adequate concentra-
tions of sulfur-containing AA precursors (methionine
and cysteine) are available, except for specific breeds®
and diseases associated with decreased taurine synthe-
sis.” Taurine deficiency has also been identified in dogs
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fed low-protein diets for extended periods or fed diets
limited in sulfur-containing AAs.®°

Pet foods sold in the United States are regulated
by both federal and state laws. Manufacturers are re-
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sponsible for proper formulation and labeling of prod-
ucts to meet requirements set by the US FDA as well
as those mandated by each state, many of which have
adopted AAFCO model regulations for pet food.** In-
formation from the label is often used by pet owners
and veterinarians to assess pet foods; therefore, accu-
racy and compliance with regulations are expected."
However, to our knowledge, there have been no studies
conducted on the incidence of noncompliance of any
category of pet foods with AAFCO model regulations,
although there is evidence that some diets may provide
CP at concentrations below the minimum guaranteed
analysis value."

The primary objective of the study reported here
was to measure CP and AA concentrations in com-
mercial vegetarian foods formulated for dogs and cats
and to compare those values with minimum required
concentrations for the intended species and life stage as
established by the AAFCO. A secondary objective was
to compare the information on pet food labels with re-
quired components as established by the AAFCO. We
hypothesized that all diets would meet all nutritional
and labeling requirements.

Materials and Methods

Sample—Commercially available over-the-counter
diets (foods distributed directly to the public without
veterinary oversight) consisting of dry and canned
products for dogs and cats that were labeled or mar-
keted as vegan or vegetarian and available during June
and July 2014 were obtained from local pet stores and
online sources. Similarly labeled or marketed veteri-
nary therapeutic dry and canned diets for dogs were
obtained from a local veterinary clinic,* and 1 diet was
donated by an employee of the University of California-
Davis Veterinary Medical Teaching Hospital.

Procedures—Information from the labels was com-
pared with 9 AAFCO labeling requirements® (product
and brand name, species specification, quantity state-
ment, guaranteed analysis, ingredient statement, nu-
tritional adequacy statement, feeding directions, name
and address of manufacturer or distributor, and calorie
content). The new labeling requirement for inclusion
of the calorie content statement on all pet food labels
was included in the AAFCO 2014 official publication."
However, the AAFCO recommended in that publication
that enforcement be delayed 18 months for new prod-
ucts in development and 3 years for existing products.™
Therefore, labels were assessed both including and ex-
cluding the statement of calorie content as a require-
ment. Information that was not provided on the label
but was required for assessment was obtained from the
product website or by contacting the manufacturer.

A sample of each diet was placed in a plastic bag,
labeled with a number corresponding to the product,
and submitted for analysis; all analytic laboratories
were not aware of the commercial source for each sam-
ple submitted for analysis.

A sample of each of the canned diets was manually
crushed within the plastic bag until a paste consistency
was achieved, whereas dry diets were analyzed with-
out any processing. Dry matter values were obtained

by drying representative samples of each diet (20 g of
canned diets and 5 g of dry diets) to a constant weight
in a vacuum oven at 95° to 100°C.

In addition, 100 g of each canned diet and 50 g
of each dry diet were stored in individual containers
and frozen at —80°C. These samples were placed into
a freeze-drier for 7 days prior to analysis, and canned
diets then were manually crushed into a powder to en-
sure homogeneity. Approximately 5 g of each freeze-
dried diet was submitted to a reference laboratory®
for measurement of total nitrogen concentration via a
combustion method.” This method was not included
in the methods cited by the AAFCO'®; however, results
of a comparison study'” with Kjeldahl analysis revealed
that the combustion method had improved repeatabil-
ity and reproducibility for SD ranges. Twenty diets were
measured as single samples, and 4 diets were measured
as duplicate samples in accordance with the labora-
tory’s standard procedures. The laboratory’s acceptable
variance was 6.7%, and analytic variation for the 4 du-
plicate samples was 0.3%. Crude protein content was
determined by use of the following equation: CP per-
centage = nitrogen percentage X 6.25.

For AA analysis, all freeze-dried samples were
ground until they could pass through a 2-mm screen
(80 mesh). Approximately 10 mg of each ground sam-
ple was hydrolyzed in a vacuumed-sealed glass ampule
with 2 mL of 6M HCl at 115°C for 24 hours. The hydro-
lysate was then dried with nitrogen gas, and the result-
ing residue was reconditioned with lithium hydroxide
loading buffer. This solution was filtered by use of a
0.45-um polytetrafluorethylene syringe filter. The AA
composition was determined in the filtrate by use of a
norleucine internal standard with an automated high-
performance liquid chromatography AA analyzer© at the
Amino Acid Laboratory at the University of California-
Davis, with methods described elsewhere.’® Cystine
and methionine concentrations were determined by
use of performic acid oxidation with acid hydrolysis
(hydrobromic acid method'’), and tryptophan concen-
tration was determined by use of a method described
elsewhere.?® All diets were measured as single samples.
In addition to the internal standard used by the labora-
tory, a reference sample of purified casein was analyzed
concurrently with each batch of sample diets; analytic
variation was within 5%.

Measured CP and AA concentrations were com-
pared with the minimum requirement in the AAFCO
Dog and Cat Food Nutrient Profiles for the intended
species and life stage."® Diets formulated for both dogs
and cats were compared with the AAFCO food nu-
trient profiles for cats. Concentrations of CP and AA
were corrected for energy density if the diet contained
> 4,000 or > 4,500 kcal/kg of DM for canine or feline
diets, respectively.” When assessing whether measured
concentrations met the minimum values of the AAFCO
food nutrient profiles, consideration was given to the
allowed analytic variation for CP and lysine (AAFCO
does not specify allowable variations for other AAs).'

Calorie content was obtained from the label or
manufacturer; if calorie content was not provided
or could not be obtained, it was calculated from the
guaranteed analysis. For calculation of calorie con-
tent, measured CP and moisture concentrations were
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used; modified Atwater values of 3.5 kcal/g for CP and
nitrogen-free extract and 8.5 kcal/g for crude fat were
used.” Ash concentration was obtained from the label
or manufacturer or were estimated by use of the mean
value of the ash concentrations measured for diets.

Statistical analysis—A Shapiro-Wilk test was used
to confirm data were nonparametric. Spreadsheet soft-
ware! was used to calculate descriptive statistics (me-
dian and range).

Results

Twenty-four diets were assessed, consisting of 13
dry diets (9 for dogs,*™ 3 for cats,”P and 1 for both
dogs and cats?) and 11 canned diets (8 for dogs,” 2 for
cats,> and 1 for both dogs and cats*). One dry diet for
dogs was donated; the other 23 diets were purchased.
There were 21 over-the-counter diets for dogs or cats
(or both) and 3 veterinary therapeutic diets for dogs.
Dry diets represented 9 manufacturers, and canned di-
ets represented 8 manufacturers. There were 2 dry diets
that were manufactured at facilities outside the United
States.

Only 3 diets (1 dry and 2 canned), including the
statement of calorie content as a requirement, and 8 diets
(4 dry and 4 canned), excluding the statement of calorie
content as a requirement, were compliant with all pet
food label regulations as established by the AAFCO. As
indicated by the nutritional adequacy statement (or,
when not provided, other label information), 14 diets
(7 dry and 7 canned) were intended for adult mainte-
nance, 9 diets (5 dry and 4 canned) were intended for
all life stages, and 1 diet (dry) was intended for both
growth and adult maintenance. Nutritional adequacy
for the designated life stage or stages was substantiated
by the formulation method to meet the AAFCO Dog
and Cat Food Nutrient Profiles for all but 1 diet (1 dry
diet for dogs); that diet successfully completed appro-
priate AAFCO-recognized animal feeding trials.

When label information was compared with the 9
AAFCO requirements, 20 diets (9 dry and 11 canned)
met the requirement for product and brand name, 23
diets (13 dry and 10 canned) met the requirement for
species specification, 18 diets (7 dry and 11 canned)
met the requirement for quantity statement, 17 diets
(6 dry and 11 canned) met the requirement for guar-
anteed analysis, 17 diets (6 dry and 11 canned) met
the requirement for ingredient statement, 18 diets (7
dry and 11 canned) met the requirement for nutritional
adequacy statement, 12 diets (7 dry and 5 canned) met
the requirement for feeding directions, 20 diets (9 dry
and 11 canned) met the requirement for name and ad-
dress of the manufacturer or distributor, and 8 diets (2
dry and 6 canned) met the requirement for statement
of calorie content. Of the diets that failed to meet the
AAFCO labeling requirements, 4 had the product name
outside of the principal display panel, 1 did not have a
species-specification statement on the principal display
panel, 6 did not have a quantity statement, 4 did not
have a guaranteed analysis and 3 did not have an appro-
priate guaranteed analysis format (terms used and order
of items), 5 had misspelled or duplicated words in the
ingredient statement and 2 did not have an appropriate

ingredient statement format (ingredients listed under
2 separate headings [ie, composition and additives]),
6 did not have a nutritional adequacy statement, 4 did
not have feeding directions, 2 had misspelled words in
the feeding directions, 6 did not have frequency or spe-
cies specifications in the feeding directions, 4 did not
have the name and address of the manufacturer, 14 did
not have a statement of calorie content, and 2 did not
have an appropriate calorie content format (not listed
under a heading of calorie content or no information
on method of determination). Both diets manufactured
outside the United States did not meet 6 of the AAFCO
labeling requirements (including not having a state-
ment of calorie content), whereas some of the 22 diets
manufactured within the United States did not meet up
to 8 of the 9 requirements (including not having a state-
ment of calorie content). Overall, 9 diets (4 dry and 5
canned) had labels with misspelled words.

None of the diets exceeded the maximum moisture
percentage as reported on guaranteed analysis. Median
measured moisture concentration of the diets was 4.8%
(range, 3.3% to 7.8%) for dry diets and 69.9% (range,
61.4% to 74.3%) for canned diets.

Dried eggs were listed as an ingredient in 1 canned
diet, whereas the other 23 diets listed only plant-sourced
ingredients. Nineteen diets (11 dry and 8 canned) were
supplemented with 1 or more AAs: methionine (7 dry
and 4 canned), taurine (10 dry and 7 canned), lysine
(7 dry and 2 canned), and tryptophan (5 dry and 0
canned); 1 dry diet was supplemented with both cys-
tine and glycine. All 7 diets formulated for cats were
supplemented with taurine. Two dry diets included a
minimum taurine concentration claim in the guaran-
teed analysis (which is optional); both of these diets
contained taurine in concentrations that exceeded the
AAFCO minimum value. However, 1 of the 7 taurine-
supplemented diets contained a measured taurine con-
centration that was 85% of the minimum listed in the
guaranteed analysis.

Median measured CP concentration (DM basis)
was 29.8% (range, 19.2% to 40.3%) for all diets. Mea-
sured CP concentrations were above the minimum re-
quirement for the AAFCO Dog and Cat Food Nutrient
Profiles (DM basis or corrected for energy density when
necessary) for the intended species and life stage for 23
diets (12 dry and 11 canned). The dry diet for dogs that
did not meet the minimum requirement contained 94%
of the minimum required value but had completed an
AAFCO-recognized animal feeding trial. One addition-
al canned diet for dogs that exceeded 4,000 kcal/kg of
DM contained only 91% of the reported minimum CP
for the guaranteed analysis on an as-fed basis but met
the AAFCO minimum CP on a DM basis when correct-
ed for energy density. All other diets met the reported
minimum CP for the guaranteed analysis.

Eighteen diets (10 dry and 8 canned) contained all
AAs in concentrations that met or exceeded the mini-
mum values for the AAFCO Dog and Cat Food Nutri-
ent Profiles (DM basis or corrected for energy density
when necessary) for the designated life stage (Table 1).
Five diets (all for cats; 3 dry and 2 canned) provided 1
or more AAs at concentrations below the AAFCO mini-
mum value. Of these 5 diets, 1 was below the AAFCO
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Table 1—The AA concentrations of vegetarian dry and canned diets formulated for dogs and cats and

% values for the AAFCO Dog and Cat Food Nutrient Profiles.

<

= AAFCO

Z

< Growth Adult

= and reproduction maintenance

<§( AA Median Range (minimum) (minimum)

@ Canine (n=17)
Arginine 1.66 1.08-2.83 0.62 0.51
Histidine 0.59 0.40-0.96 0.22 0.18
Isoleucine 1.05 0.84-1.81 0.45 0.37
Leucine 1.88 1.45-4.74 0.72 0.59
Lysine 1.40 0.99-2.47 0.77 0.63
Methionine-cystine 0.85 0.46-3.62 0.53 0.43
Phenylalanine-tyrosine 2.39 1.92-3.90 0.89 0.73
Threonine 1.13 0.90-1.53 0.58 0.48
Tryptophan 0.25 0.18-0.40 0.20 0.16
Valine 1.29 1.01-2.00 0.48 0.39
Taurine 0.19 0.11-0.30 — —

Feline (n=7)*

Arginine 1.85 1.49-2.50 1.25 1.04
Histidine 0.77 0.68-0.88 0.31 0.31
Isoleucine 1.44 1.28-1.58 0.52 0.52
Leucine 3.41 0.43-4.81 1.25 1.25
Lysine 1.46 1.12-2.18 1.20 0.83
Methionine-cystine 1.63 0.59-3.14 1.10 1.10
Methioninet 0.62 0.51-1.32 0.62 0.62
Phenylalanine-tyrosine 3.20 .00-3.88 0.88 0.88
Phenylalanine 1.89 0-2.22 0.42 0.42
Threonine 1.42 .10-1.60 0.73 0.73
Tryptophan 0.36 .16-0.41 0.25 0.16
Valine 1.72 1-1.80 0.62 0.62
Taurine (extruded)# 0.18 5-0.18 0.10 0.10
Taurine (canned)8 0.12 1-0.15 0.20 0.20

Values reported are percentage DM.

*Includes results for 2 diets formulated for both dogs and cats. tMethionine is the only AA with a maximum
allowed value, and only for feline diets (1.5% DM). #Values are for 4 extruded diets. §Values are for 3 canned
diets.

— = Not applicable.

minimum requirements in 4 AAs (leucine, methionine,
methionine-cystine, and taurine), 1 was below in 3
AAs (methionine, methionine-cystine, and taurine), 2
were below in 2 AAs (lysine and tryptophan), and 1
was below in 1 AA (tryptophan). An additional canned
diet intended for both dogs and cats exceeded the AA
minimum values for dogs but was below the minimum
values for cats for 3 AAs (methionine, methionine-cys-
tine, and taurine), despite inclusion of dried eggs as an
ingredient. All of the canned diets formulated for cats
(2 for cats and 1 for both dogs and cats) were below
the AAFCO minimum value for taurine; dry diets for
cats exceeded this value. Overall, of the diets that con-
tained 1 or more AAs at concentrations below AAFCO
minimum values, the AA concentrations ranged from
34% to 98% (median, 82%) of the minimum require-
ment stated in the AAFCO Dog and Cat Food Nutri-
ent Profile. The 2 diets below the minimum value for
lysine (98% and 93% of the minimum requirement)
were within the analytic variation (20%) allowed by the
AAFCO regulations; lysine was the only AA for which
the AAFCO provided an allowance for analytic varia-
tion. All other AAs that did not meet the AAFCO mini-
mum requirement exceeded the range of analytic varia-
tion provided by the laboratory.

Calorie content was provided on the label for 10
diets (4 dry and 6 canned). Calorie content was ob-
tained from the product website for 2 diets (1 dry and 1

canned) and from the manufacturer (on a volume basis
only [can or cup]) for 10 diets (6 dry and 4 canned).
Calorie content information could not be obtained for
2 diets (both dry). Calorie content was calculated for
4 canned diets by use of the per-unit calorie content
provided by the manufacturer, 4 dry diets by use of the
modified Atwater factor and ash content provided by
the manufacturer, and 4 dry diets by use of the modi-
fied Atwater factors and mean ash content calculated
for dry diets (n = 8) for which the ash concentration
was measured (5.76% on an as-fed basis). Median calo-
rie content (DM basis) for all 24 diets was 3,758 kcal
of ME/kg of diet (range, 2,915 to 4,316 kcal of ME/kg
of diet). Median calorie content (DM basis) of the 17
diets for dogs was 3,725 kcal of ME/kg of diet (range,
3,233 to 4,316 kcal of ME/kg of diet) and of the 7 diets
for cats or for both cats and dogs was 3,843 kcal of ME/
kg of diet (range, 2,915 to 4,050 kcal of ME/kg of diet).
One diet (canned maintenance diet for dogs) required
adjustments in nutrient concentrations on the basis of
the correction for calorie content.

Discussion

One objective for the present study was to assess
product labeling by comparing diet labels with the
AAFCO model regulations.” Although all pet foods
must comply with federal labeling requirements,”
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many states also mandate specific aspects of the label,
often by adopting the AAFCO labeling and formula-
tion requirements in full or in part.'® Despite the fact all
24 diets were sold in most or all states, and even with
exclusion of calorie content as a requirement, only 8
diets (including all 3 veterinary therapeutic diets) were
compliant with all label regulations as established by
the AAFCO.

There are 3 means of substantiating claims that pet
foods are complete and balanced, and the label’s nutri-
tional adequacy statement must specify which method
is used.” The first method is to formulate the diet to
meet the AAFCO Dog and Cat Food Nutrient Profiles.
The second method is to conduct a feeding trial by
use of AAFCO-recognized protocols for the specified
life stage; in the case of successful completion of an
appropriate feeding trial, the pet food is exempt from
meeting nutrient profiles. Third, if a food is a member
of a nutritionally similar product family for which the
designated lead product has successfully completed an
AAFCO-recognized feeding trial, the label of the prod-
ucts for that food family may state that AAFCO feeding
trials substantiate the claim of complete and balanced
and the nutritional adequacy statements are indistin-
guishable. In both cases, the label will state that the
product has passed animal feeding tests. When a prod-
uct fails to meet 1 of the aforementioned 3 methods and
is not clearly labeled on the principal display as a snack,
treat, or dietary supplement, the product must contain
a statement that indicates “intended for intermittent
or supplemental feeding only.” One diet in the present
study had a nutritional adequacy statement that indi-
cated it had successfully completed AAFCO-recognized
animal feeding trials (which we confirmed by contact-
ing the manufacturer) and was assessed as adequately
formulated, although the CP concentration was 94%
of the AAFCO nutrient profile minimum value; all AA
concentrations exceeded the AAFCO minimum values.
Of the 6 diets that did not have nutritional adequacy
statements, none were labeled snack or treat, and they
did not have a statement to indicate that the product
was intended for intermittent or supplemental feeding
only. Rather, the labels of those 6 diets included word-
ing that indicated that they were intended to be com-
plete and balanced (phrasing such as “100% complete”
and “ideal maintenance”), which was inadequate.

The AAFCO Dog and Cat Food Nutrient Profiles
provide minimum values for CP and essential AA con-
centrations (as well as a maximum value for methio-
nine concentration in foods formulated for cats) for pet
foods made with complex, nonpurified ingredients and
to account for effects of processing and impacts on di-
gestibility. Most (23/24) diets assessed in the present
study met guaranteed analysis claims for minimum
CP concentration, and most (23/24) diets exceeded
CP minimum values for the AAFCO nutrient profiles;
however, CP concentration was assessed with in vitro
methods that provided an estimate of protein content
calculated by use of the nitrogen concentration. As
such, the calculated CP value provided no information
related to protein quality, which is defined by the digest-
ibility of the protein and the pattern and bioavailability
of the AAs. It is generally recognized that plant protein

sources have lower digestibility than do animal protein
sources**; however, studies®>*® of dogs have found equal
total digestibility for soy-based protein when the soy
product is adequately processed. Both animal and plant
protein sources can vary in quality. Although protein di-
gestibility was not assessed in the present study, short-
term studies*”*® revealed that animal-protein meals dif-
fer in their ability to support nitrogen retention in cats,
with chicken and fish meals not differing from corn
gluten meal, whereas meat meal is superior to corn glu-
ten meal. Because digestibility, AA pattern, and AA bio-
availability are not provided on product labels, protein
quality cannot be assessed from a pet food’s ingredient
list or guaranteed analysis regardless of the fact that nu-
trients may be present in concentrations that satisfy the
corresponding AAFCO nutrient profile. Investigators of
1 study?® reported limitations of measured CP concen-
trations for the assessment of protein quality of pet food
as evaluated with feeding trials on growing rats. They
reported that the biological variables for assessment of
protein quality (including weight gain, feed efficiency,
protein efficiency ratio, net protein ratio, and net pro-
tein utilization) had poor correlation with measured CP
concentrations.?® Furthermore, the sum of essential AA
concentrations was not correlated with measured CP
concentration or biological variables (protein efficiency
ratio and net protein ratio).*

Concentrations and proportions of AAs are ar-
guably more important than is CP concentration per
se, and AA bioavailability should also be considered.
Dogs and cats differ from many other species in that
they have obligatory bile acid conjugation with taurine
rather than glycine, which is associated with variable
losses of taurine through feces. Effects of intestinal bac-
teria on taurine loss appear to be substantial’*®*?' and
may be exacerbated by dietary factors. Studies’*** have
revealed that cats fed canned versus frozen-preserved
diets, or diets with soybean versus casein protein, had
lower plasma taurine concentrations, even though the
diets were equal in taurine content. The negative ef-
fect on taurine status appears to be secondary to aug-
mented loss of bile acids through microbial degradation
and accelerated cholecystokinin-mediated turnover of
bile acids.’* In addition, fiber likely increases taurine
losses in the feces by influencing intestinal bacterial
populations as well as through other effects on bile acid
metabolism.? In the present study, the 3 diets for dogs
that provided methionine-cystine concentrations clos-
est to the AAFCO minimum value (8%, 25%, and 35%
above the minimum value) were all canned diets that
did not provide additional purified sulfur-containing
AAs. In addition, all 3 canned diets for cats were too
low in taurine concentration despite supplementation.
Because plant-based diets are typically lower in sulfur-
containing AAs and higher in fiber, these factors may
contribute to an increased risk of taurine deficiency
in both dogs and cats fed vegetarian diets, especially
canned products and products that do not provide sup-
plemental taurine or its precursors.

Processing of pet foods impacts protein digest-
ibility as well as AA bioavailability. Conditions for in-
gredient rendering, extrusion cooking, and can retort-
ing include application of heat, moisture, pressure, or
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mechanical shear to inactivate food-borne pathogens,
increase shelf-life, increase digestibility of certain nutri-
ents (denaturation of protein, gelatinization of starch,
and inactivation of trypsin inhibitors in vegetable
protein), and promote desirable flavor and texture.*
However, despite these beneficial effects of processing,
some nutrients are lost during processing. Nonenzy-
matic browning of foods during processing as a result
of Maillard reactions is considered a major factor that
negatively affects the quality of protein. Depending on
the exact conditions and nutrients present, variable AA
losses occur (especially losses of lysine, methionine,
cystine, and tryptophan).’” Concentrations of 3 of the
4 AAs (all but lysine) were too low in some of the diets
assessed in the present study.

Two diets for cats, including 1 diet with purified
L-lysine in the ingredient list, did not meet the mini-
mum concentration for lysine as per the AAFCO food
nutrient profiles, but the values for these 2 diets were
within the analytic variation allowed by the AAFCO. A
third diet provided lysine at only 1% above the mini-
mum AAFCO value. However, bioavailability is an
important consideration. Acid hydrolysis of protein,
which is required for the measurement of AAs in food,
results in reversion of damaged (unavailable) lysine
and falsely increases the estimate of bioavailable lysine.
In 1 study,”™ measurement of total lysine overestimated
by 87% the bioavailable lysine concentration of 20 diets
formulated for cats (10 dry and 10 canned). Lysine is
commonly the limiting AA in cereals, and the impact of
processing on lysine availability together with a limited
ability to accurately assess available lysine concentra-
tions with routine methods is of particular concern for
commercially available vegetarian pet foods.

Notably, 6 of the 24 diets assessed in the study
reported here were inadequate in 1 or more AAs; 3 of
these diets were too low in sulfur-containing AAs (me-
thionine, methionine-cystine, and taurine). However,
on the basis of the ingredient lists, all 3 of those diets
were supplemented with taurine, and 2 of those 3 diets
were also supplemented with methionine. This finding
is similar to that in a study® conducted to investigate
nutritional adequacy of 2 commercially available vegan
diets for cats. The authors of that study® found that
both diets had inadequate concentrations of taurine,
methionine, methionine-cystine, arachidonic acid, and
pyridoxine. One of the diets had additional deficiencies
of CP, arginine, lysine, calcium, phosphorus, vitamin
A, niacin, and vitamin B, despite label claims of nu-
tritional adequacy and the fact that limiting AAs were
listed in the ingredient list as additive supplements.
Dietary deficiencies in sulfur-containing AAs and lysine
could result in decreased food intake, low growth rate,
and negative nitrogen balance in both dogs and cats.*-*
Furthermore, dermatitis has been reported in dogs* and
cats®* with methionine and lysine deficiency, and reti-
nal and cardiac dysfunction has been reported in dogs®®
and cats™ with taurine deficiency.

Analysis of results of the study reported here indi-
cated problems with compliance with labeling regula-
tions in addition to concerns regarding adequacy of AA
concentrations in commercially available vegetarian pet
foods. Overall, only 5 of 21 over-the-counter diets, but

all 3 of the veterinary therapeutic diets, met all require-
ments for labeling and nutritional adequacy (excluding
the recently published regulation for a calorie content
statement); however, the sample size was small. Another
important limitation of this study was that samples were
collected at 1 time point and from 1 batch of each prod-
uct. The samples that were assessed for CP and AA con-
centrations may not have been representative because of
variations in composition for each batch. In addition, al-
though assay variability for both AA and CP analysis was
low, substantial variations in results attributable to labo-
ratory methods were possible. Regardless, all nutritional
and labeling requirements should be met consistently,
and manufacturers are responsible for quality assurance.
It may be informative to measure the CP and AA con-
centrations across numerous batches to assess variation
and more accurately determine the deviation from nutri-
tional adequacy and regulatory compliance.

In the present study, we assessed only a limited
number of essential nutrients in commercially avail-
able vegetarian pet foods. A more thorough evaluation
of other essential nutrients is warranted, especially
because important inadequacies of other nutrients in
vegan pet foods have been reported.* In addition, there
was no assessment of the animals while consuming the
diets; evaluation of blood AA concentrations would pro-
vide valuable information for assessing the AA adequa-
cy of pet foods.” Only 1 diet had a nutritional adequacy
statement indicating that it had passed AAFCO feeding
trials to substantiate a claim of complete and balanced
for the specified life stages. Given that both the present
study and a previous report®® documented deficiencies
of nutrients that were declared to have been included in
purified form, this may be evidence that manufacturing
errors occur or that diets are not formulated properly.
Veterinary therapeutic diets may be more appropriate
options for vegetarian pet foods because all 3 veteri-
nary diets assessed in the study reported here met cur-
rent nutritional adequacy and labeling requirements,
compared with only 5 of 21 over-the-counter diets
that met the nutritional adequacy and labeling require-
ments. In addition, the US FDA provides allowance for
the marketing of veterinary therapeutic diets under the
presumption that they are used only under the direc-
tion of a licensed veterinarian who is providing recom-
mendations for appropriate use of the product and for
monitoring of individual patients.” It may be prudent
that such monitoring includes measurement of plasma
AA and whole blood taurine concentrations as well
as routine assessment of general health to more fully
evaluate the status of pets eating vegetarian diets. Given
the findings of the present study, this may be of even
greater importance for dogs and cats eating canned
vegetarian diets, in which case regular monitoring of
taurine status in particular is strongly recommended.
For all animals and regardless of diet, general routine
monitoring and assessment are necessary for adequate
nutritional evaluation and to enable clinicians to pro-
vide recommendations for individual animals.”

a.  Sacramento Animal Hospital, Sacramento, Calif.
b.  UC Davis Analytical Lab, University of California-Davis, Davis,
Calif.
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Biochrom 30, Biochrom Ltd, Holliston, Mass.

Microsoft Office Excel 2008, Microsoft Corp, Redmond, Wash.
Ami Dog, Ami, Padova, Italy.

Gourmet Fondue Veggie Cheese Burger Flavor, Evolution Diet
Pet Food, Saint Paul, Minn.

Incredibly Delicious Gourmet Pasta, Evolution Diet Pet Food,
Saint Paul, Minn.

Vegetarian Formula for Dogs, Dick Van Patten’s Natural Balance
Pet Foods, Pacoima, Calif.

Vegan Garden Medley Adult, Halo Purely for Pets, Tampa, Fla.
Nature’s Recipe Healthy Skin Vegetarian Recipe, Big Heart Pet
Brands, San Francisco, Calif.

Veterinary Diets HA Hypoallergenic Canine Formula, Néstle
Purina, St Louis, Mo.

Veterinary Diet Canine Vegetarian, Royal Canin, Charles, Mo.
V-dog, V-dog Food, Sacramento, Calif.

Ami Cat, Ami, Padova, Italy.

Gourmet Fondue Veggie Cheese Burger Flavor, Evolution Diet
Pet Food, Saint Paul, Minn.

Incredibly Delicious Gourmet Pasta, Evolution Diet Pet Food,
Saint Paul, Minn.

Vegan, Wysong Corp, Midland, Mich.

AvoDerm Natural Vegetarian Formula, Central Garden and Pet
Co, Walnut Creek, Calif.

Vegetable Stew Entrée, Evolution Diet Pet Food, Saint Paul, Minn.
Vegetarian Formula, Dick Van Patten’s Natural Balance Pet
Foods, Pacoima, Calif.

Vegan Garden Medley for Dogs, Halo, Purely for Pets, Tampa, Fla.
Nature’s Recipe Stew Healthy Skin Vegetarian Recipe Cuts in
Gray, Big Heart Pet Brands, San Francisco, Calif.

Organic Vegan Formula, PetGuard, Green Cove Springs, Fla.
Vegetarian Feast Dinner, PetGuard, Green Cove Springs, Fla.
Veterinary Diet Canine Vegetarian, Royal Canin, Charles, Mo.
Gourmet Entrée, Evolution Diet Pet Food, Saint Paul, Minn.
Vegetable Stew Entrée, Evolution Diet Pet Food, Saint Paul,
Minn.

Vegetarian Dinner, Evanger’s Dog and Cat Food Co, Wheeling, I1l.
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Electrocardiogram reference intervals for clinically normal

wild-born chimpanzees (Pan troglodytes)

Rebeca Atencia et al
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Objective—To generate reference intervals for ECG variables in clinically normal chimpanzees (Pan
troglodytes).

Animals—100 clinically normal (51 young [< 10 years old] and 49 adult [> 10 years old]) wild-born
chimpanzees.

Procedures—Electrocardiograms collected between 2009 and 2013 at the Tchimpounga Chimpan-
zee Rehabilitation Centre were assessed to determine heart rate, PR interval, QRS duration, QT inter-
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val, QRS axis, P axis, and T axis. Electrocardiographic characteristics for left ventricular hypertrophy for the expunded
(LVH) and morphology of the ST segment, T wave, and QRS complex were identified. Reference in-

tervals for young and old animals were calculated as mean + 1.96¢SD for normally distributed data table of contents
and as 5th to 95th percentiles for data not normally distributed. Differences between age groups fOI‘ the MR

were assessed by use of unpaired Student ¢ tests.

Results—Reference intervals were generated for young and adult wild-born chimpanzees. Most or |Og onto
animals had sinus rhythm with small or normal P wave morphology; 24 of 51 (47%) young chim- .

panzees and 30 of 49 (61%) adult chimpanzees had evidence of LVH as determined on the basis of uvmmournuls.uvmu.org
criteria for humans. for access

Conclusions and Clinical Relevance—Cardiac disease has been implicated as the major cause
of death in captive chimpanzees. Species-specific ECG reference intervals for chimpanzees may aid
in the diagnosis and treatment of animals with, or at risk of developing, heart disease. Chimpanzees
with ECG characteristics outside of these intervals should be considered for follow-up assessment
and regular cardiac monitoring. (Am J Vet Res 2015;76:688—693)
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