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Simple Summary: This study addresses a critical issue in small animal nutrition—
accurately estimating the energy content of pet food to support healthy weight management,
especially as pet obesity rates rise globally. Traditional methods to measure metabolizable
energy—how much energy a pet’s body can actually use—are expensive and not always
feasible, as they require live testing with animals. Therefore, various mathematical equa-
tions have been developed to estimate this energy, but many of these tools are outdated or
do not align well with modern pet food products and labeling practices. In this research, we
tested common equations to see how well they matched actual in vivo results. We found
that the Atwater equation, despite being older, provided the most reliable estimates for
today’s dry and wet pet foods available in Brazil when using the maximum or minimum
nutrient values from labels. These findings are valuable for veterinarians and pet food
companies, especially those without resources for in vivo tests, and can help improve nu-
tritional recommendations, prevent pet obesity, and reduce malnutrition. Further research
could lead to more precise equations, ensuring better nutrition for pets worldwide.

Abstract: In small animal nutrition, the caloric content of a diet is expressed as metabo-
lizable energy (ME). The gold standard method for determining this variable is through
feeding trials with the target species. However, the high cost and intricacy of this assay lead
to the use of indirect estimation methods. The aim of this study was to analyze the main
equations employed for estimating ME and compare them with the results of in vivo tests.
In total, 451 pet food products in Brazil were evaluated. The ME values were determined
via the bromatological values available on labels. The data were analyzed using SAS, and
Student’s t test was used with a significance of 5%. For all predictive equations, there
was a non-conformity between their results and those obtained by in vivo methods. Thus,
the prediction equations are only accurate when the exact values of food composition are
used, which is hardly applicable since veterinarians and animal owners only have access
to the information provided on the labels. Nonetheless, the Atwater system equation
proved to be the most reliable for estimating ME, showing the smallest disparity among
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the evaluated methods. The overall differences between in vivo results and ME estimation
with the Atwater system amounted to 3.59% for dry cat foods and —1.94% for dry dog
foods. Moreover, although it was also the most accurate for wet foods, the differences
were substantially greater (11.99% for cat foods and 8.25% for dog foods). These findings
highlight the need for further research to refine ME estimation, which could contribute to
improved pet food formulation and help reduce cases of malnutrition in dogs and cats.

Keywords: Brazilian pet food market; calories; cat food; dog food; guaranteed analysis

1. Introduction

The energy density of a pet food refers to the number of joules or calories present in a
given weight or volume [1]. In Brazil, energy density is mainly expressed in kilocalories
(kcal) of metabolizable energy (ME) per kg of food [2], which is the amount of energy
available to the body considering losses by feces, urine, and expired gases [1]. According
to the International System of Units, energy is expressed in units of work (joules), but it can
also be expressed in thermodynamic caloric units (calories), based on the caloric value of
benzoic acid as a reference standard, which is equal to 4184 joules (0.004184 megajoules) [3].
Metabolizable energy expressed in calories is generally used on the American continent, in
contrast to Europe, where the joule is the preferred unit of expression used today. Currently,
two methods are used to determine the ME of a pet food: (1) the use of animal experiments,
which is considered the gold standard method; (2) the use of predictive equations [4].

Several predictive equations have been proposed aiming to achieve similar outcomes
to those observed in animal experiments. The first equation is known as the Atwater
factor, and takes into consideration the amount of carbohydrates (CHO), ether extract
(EE), and crude protein (CP) of the diet, with ME values of 4.0 kcal/g, 9.0 kcal/g, and
4.0 kcal/g, respectively [5,6]. This equation was later modified to new nutrient energy
values (3.5 kcal/g, 8.5 kcal/g, and 3.5 kcal/g for CHO, EE, and CP, respectively) to better
estimate the ME value of less digestible products, and it is known as modified Atwater
factors [7]. However, since these equations are not as accurate as the gold standard method,
the ME result might be under- or overestimated due to several factors that influence
digestibility such as ingredient characteristics, food processing, and nutrient interactions
with each other, the host, and the gut microbiota [8]. In 2006, the National Research Council
(NRC) [1] recommended two new equations for estimating the ME of dog and cat diets,
which are considered more accurate. These equations involve a four-step calculation,
including the determination of gross energy (GE), energy digestibility, digestible energy
(DE), and, finally, ME, with specific adjustments for crude protein and crude fiber (CF).

Later, the European Pet Food Industry Federation (FEDIAF) also adopted the NRC
equations for determining the energy content of pet food [9]. This decision was sup-
ported by a study by Calvez et al. [10], which compared the precision of the modified
Atwater method and the NRC-recommended equations with in vivo ME measurements.
Calvez et al. [10] demonstrated that the NRC equations [1] offer a more accurate estimate
of ME than the modified Atwater method for dry pet food. For wet food, however, both
the modified Atwater method and NRC equations yield moderate accuracy in estimating
ME for dogs and cats. According to FEDIAF [9], these findings also contributed to the de-
velopment of the European standard EN 16967 [11], which references predictive equations
for calculating and declaring ME in pet food.

The caloric content of a diet is a key factor in determining the amount of food that
should be provided. However, ME values are not always listed on pet food labels, re-
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(a)

quiring veterinarians to estimate ME using predictive equations [12], based on available
information, such as the maximum or minimum levels of each nutrient provided on the
label. Considering the evolution of pet food products, the introduction of more digestible
ingredients, and increased product diversity, the role of accurate ME estimation in daily pet
nutrition has become increasingly significant. Additionally, it is essential to evaluate the
applicability of predictive equations across different regions worldwide, given the variation
in commercial products. Therefore, this study aimed to analyze the equations available in
the literature and assess their reliability for predicting ME under these new conditions.

2. Materials and Methods

2.1. Commercial Products

A total of 667 diets were selected, including 408 extruded dry food diets (208 for
dogs and 125 for cats). Of these, 17 dog diets were discarded (11 for providing only the
ME estimate and 6 due to insufficient information), while 59 cat diets were excluded
(50 for providing only the ME estimate and 9 due to insufficient information). For the
wet food diets, 148 were selected (71 for dogs and 77 for cats). Among these, 12 dog
diets were discarded (9 for providing only the ME estimate and 3 due to insufficient
information), along with 17 cat diets (13 for providing only the ME estimate and 4 due to
insufficient information).

In total, 451 diets were included in the final analysis—332 extruded dry food diets (224
for dogs and 108 for cats) and 119 wet food diets (59 for dogs and 60 for cats) (Figure 1). To
obtain detailed product information, 26 pet food companies were contacted. According
to FEDIAF [9], food was classified as wet if it had a moisture content of 60% or higher
(e.g., canned or pouched products). Only ME values obtained through animal experiments
were accepted for inclusion in this study, regardless if the company used the method
of total fecal collection (with or without urine collection), or indicators, according to
AAFCO [4] guidelines.

Extruded dry food (b) Wet food

Dogs

283 diets selected

17 diets discarded

224 diets evaluated

- 11 for presenting only the ME estimate,
« 6 due to lack of necessary information

n total selection = 408 Cats DOgS n total selection = 148 CatS

125 diets selected 71 diets selected 77 diets selected

12 diets discarded
- 9for presenting only the ME estimate
- 3 due to lack of necessary information

o — :
108 diets evaluated 59 diets evaluated 60 diets evaluated

17 diets discarded
- 13 for presenting only the ME estimate
- 4 due to lack of necessary information

59 diets discarded
- 50 for presenting only the ME estimate
+ 9 due to lack of necessary information

n total evaluation = 332 n total evaluation = 119

Figure 1. A diagrammatic representation of the number of diets selected, excluded, and evaluated in
the study: (a) Extruded dry diets for both dogs and cats; (b) wet diets for both dogs and cats.

The percentages of moisture, CP, EE, CF, and ash described on the label were consid-
ered. Only CF was considered for the calculations; thus, labels reporting fiber content using
other methods, such as total dietary fiber, were excluded. For nutrients whose lack could
lead to deficiencies, the minimum limits (protein and fat) were used, and for the others,
where the excess addition tends to compromise quality, the maximum limits (moisture, CE,
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and ash) were used. Nitrogen-free extract (NFE), considered non-structural carbohydrates
(sugar, starch, and pectin), was calculated using the equation:

NFE (%) = 100% — (moisture% + CP% + EE% + CF% + ash%).
The average chemical composition of evaluated diets is shown in Table 1.

Table 1. Chemical composition of natural matter in pet foods commercialized in Brazil (n = 451)

[mean =+ standard deviation (minimum-maximum)] in g/kg of food.

. Extruded
Nutrient Cats (n =108) Dogs (n = 224) Cats (n = 60) Dogs (n = 59)
Moisture (maximum) 93.9 +9.46 99.9 4+ 8.39 816.2 4+ 20.74 807.3 + 38.99
(80.0-120.0) (90.0-120.0) (750.0-840.0) (630.0-860.0)
Crude protein (minimum) 346.8 & 45.69 262.9 4+ 31.74 92.7 +13.94 80.3 + 11.63
(250.0-500.0) (200.0-355.0) (70.0-125.0) (34.0-95.0)
Fat (minimum) 141.4 + 40.84 131.5 £+ 32.89 35.2 + 15.68 39.2 +£10.23
(80.0-230.0) (70.0-211.0) (20.0-95.0) (20.0-70.0)
Crude fiber (maximum) 44.2 + 20.87 40.4 + 20.27 17.1 = 4.56 18.5 +4.34
(18.0-150.0) (19.0-150.0) (6.0-25.0) (6.0-30.0)
Ash (maximum) 812+ 751 76.4 + 15.50 26.1 +4.84 25.1 +6.93
(53.0-105.0) (6.0-110.00) (13.0-33.0) (14.3-38.0)
Nitrogen-free extract 292.5 + 59.56 388.9 & 55.35 12.7 +13.10 29.6 + 43.17
(145.0-435.0) (240.0-485.0) (0.0-56.2) (0.0-227.0)

2.2. Metabolizable Energy Estimation Equations

The ME of the diets obtained through in vivo methods were compared to those ob-
tained by the three following equations:

1.  Atwater factors [6]:
ME (kcal/kg) = (4.0 x g CP/kg) + (9.0 x g EE/kg) + (4.0 x g NFE/kg),
2. Modified Atwater factors [7]:

ME (kcal/kg) = (3.5 x g CP/kg) + (8.5 x g EE/kg) + (3.5 x g NFE/kg),
3.  ME-predictive equations from NRC and FEDIAF [1,9]:

(a) Determination of GE:

GE (Kcal/Kg) = (5.7 x g CP/kg) + (9.4 x g EE/kg) + [4.1 x (g NFE/kg + g CF/kg)],

considering the composition of CP, EE, NFE, and CF in natural matter (NM).
(b)  Percentage energy digestibility (PED):

PED for cat food = 87.9 — (0.88 x %CF, in DM),
PED for dog food = 91.2 — (1.43 x %CE, in DM).
(c) Determination of DE:
DE (kcal/kg) = GE x (PED/100).
(d) Determination of ME:
ME for cat food (kcal/kg) = DE — (0.77 x g CP/kg),
ME for dog food (kcal/kg) = DE — (1.04 x g CP/kg),
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where joules were used as the unit of measurement described, respecting the conver-
sion of 1 calorie to 4184 joules (0.004184 megajoules).

2.3. Statistical Analysis

All data were analyzed using the Statistical Analysis System, version 9.4 (SAS Institute
Inc., Cary, NC, USA). Initially, the normality of residuals and the homogeneity of variances
were assessed using the Shapiro-Wilk and Student’s t-tests, respectively. To compare the
reference method (in vivo testing) with the predictive equations, ANOVA and orthogonal
contrasts were applied. The contrasts evaluated were C1 (in vivo testing vs. Atwater
factors [6]), C2 (in vivo testing vs. modified Atwater factors [7]), and C3 (in vivo testing vs.
NRC [1]/FEDIAF [9]). A significance level of p < 0.05 was used for all of the tests.

3. Results
3.1. Dry Extruded Diets

For all dry extruded diets (n = 332), the ME estimated through predictive equations
differed (p < 0.05) from the ME determined by in vivo testing. The Atwater factors [6]
equation resulted in the smallest difference (%) between these two methods and, therefore,

was the most accurate equation to estimate the ME of dry extruded cat food (n = 108)
(Figure 2 and Table 2) and dry extruded dog food (n = 224) (Figure 3 and Table 3).
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Figure 2. The differences between methodologies for predicting and estimating the ME of dry
extruded cat foods in the Brazilian market (n = 108); (a) the differences identified by orthogonal con-
trasts [C = contrast; C1—in vivo testing (reference) x Atwater factors; C2—in vivo testing (reference)
x modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF]; (b) the differences
between metabolizable energy estimates [1,6,7,9].
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Table 2. Metabolizable energy estimation and the difference between methodologies determining
the metabolizable energy of dry extruded cat foods in the Brazilian market (n = 108) (mean +

standard deviation).

Predictive Equations P!
. Modified NRC and
Variables i i
UReference) © Factors[s]  Atwater | FEDIAF  c1 2 G
Factors [7] [1,9]
Metabolizable 1.66 + 0.13 160+011 144+011 153+010 <0.0001  <0.0001  <0.0001
energy (MJ/kg)
Difference 2 (%) — 359+332 13454+3.05 8.05+284 — — —
Legend: C = contrast; 1 Cl—in vivo testing (reference) X Atwater factors; C2—invivo testing
(reference) x modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF; 2 differences between
ME results obtained through animal experiment and ME obtained through predictive equations.
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Figure 3. The differences between methodologies for predicting and estimating the ME of dry
extruded dog foods in the Brazilian market (n = 224); (a) the differences identified by orthogo-
nal contrasts [C = contrast; C1—in vivo testing (reference) x Atwater factors; C2—in vivo testing
(reference) x modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF]; (b) the
differences between metabolizable energy estimates [1,6,7,9].
Table 3. Metabolizable energy estimation and the difference between methodologies for determining
the metabolizable energy of dry extruded dog food in the Brazilian market (n = 224) (mean +
standard deviation).
Predictive Equations p!
Variables In Vivo Testing Atwater hﬁ?jl:tl:f NRC and c1 C2 C3
(Reference) Factors [6] FEDIAF [1,9]
Factors [7]
Metabolizable 1.56 + 0.12 1594009 1424009  148+0.10 0.0070  <0.0001  <0.0001
energy (MJ/kg)
Difference 2 (%) — —1.94 +4.87 8.62 +4.29 490 +4.79 — — —

Legend: C = contrast; ! Cl—invivo testing (reference) x Atwater factors; C2—invivo testing
(reference) x modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF; ? the differences between
ME results obtained through animal experiments and ME obtained through predictive equations.
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3.2. Wet Foods

The ME results obtained for the wet foods (1 = 119) were also different using ME-
predictive equations in contrast with ME determination through in vivo testing, for both
cats (n = 60) (Figure 4 and Table 4) and dogs (n = 59) (Figure 5 and Table 5). As with dry
foods, the Atwater factors [6] resulted in the smallest differences (%) compared to modified
Atwater and NRC/FEDIAF equations; therefore, this is the most accurate equation to
estimate the ME of wet cat and dog foods.
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Figure 4. The differences between methodologies for predicting and estimating the ME of cat
wet foods in the Brazilian market (1 = 60); (a) the differences identified by orthogonal contrasts
[C = contrast; Cl—in vivo testing (reference) X Atwater factors; C2—in vivo testing (reference)
x modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF]; (b) the differences
between metabolizable energy estimates [1,6,7,9].

Table 4. Metabolizable energy estimation and the differences between methodologies for determining
the metabolizable energy of wet cat foods in the Brazilian market (1 = 60) (mean =+ standard deviation).

Variables

Predictive Equations P!

Modified

In Vivo Testing Atwater NRC and

(Reference) Factors [6]

Atwater C1 C2 C3
Factors [7] FEDIAF [1,9]

Metabolizable
energy (MJ/kg)
Difference 2 (%)

0.36

£ 0.06 0.31 + 0.06 0.28 £ 0.06 0.29 + 0.06 <0.0001 <0.0001 <0.0001
— 11.99 +£12.56  20.41 =£11.90 15.45 4 10.34 — — —

Legend: C = contrast; 1 C1—in vivo testing (reference) x Atwater factors; C2—in vivo testing (reference) x
modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF; ? the differences between ME results
obtained through animal experiments and ME obtained through predictive equations.
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Figure 5. The differences between methodologies for predicting and estimating the ME of wet
dog foods in the Brazilian market (n = 59); (a) the differences identified by orthogonal contrasts
[C = contrast; C1—in vivo testing (reference) X Atwater factors; C2—in vivo testing (reference)
x modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF]; (b) the differences
between metabolizable energy estimates [1,6,7,9].
Table 5. Metabolizable energy estimation and the differences between methodologies for deter-
mining the metabolizable energy of wet dog foods in the Brazilian market (n = 59) (mean +
standard deviation).
Predictive Equations p!
Variables In Vivo Testing Atwater h:?if::f NRC and c1 C2 C3
(Reference) Factors [6] FEDIAF [1,9]
Factors [7]
Metabolizable 0.36 + 0.09 0334008  030+007 0294007 00370  <0.0001  <0.0001
energy (MJ/kg)
Difference 2 (%) — 8.25 +10.34 16.85 + 9.48 18.12 £ 9.55 — — —
Legend: C = contrast; Cl—invivo testing (reference) x Atwater factors; C2—invivo testing

(reference) x modified Atwater factors; C3—in vivo testing (reference) x NRC/FEDIAF; 2 the differences between
ME results obtained through animal experiments and ME obtained through predictive equations.

4. Discussion

The Atwater factors equation resulted in more precise values of ME for both dry
extruded and wet food compared to other equations. This result differs from those verified
by Castrillo et al. [3], Hall et al. [13], and Calvez et al. [10] since for Castrillo et al. [3]
the most accurate predictive equations were the NRC and FEDIAF equations, followed
by the modified Atwater factors equation. However, the authors emphasized that both
equations underestimate and overestimate ME for diets with low and high fiber content,
respectively. Hall et al. [13] conducted a retrospective analysis of 331 digestibility studies
in dogs and 227 in cats. They found that for both dry and wet foods, the most accurate
equation for predicting ME was the modified Atwater factors equation for dog food, while
both the modified Atwater factors and NRC/FEDIAF equations were most accurate for cat
food. The authors attributed the differences in values obtained from the NRC and FEDIAF
equations for dog food, as well as the Atwater factors equation [6] for both dog and cat
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foods, to variations in food digestibility. Specifically, the reduced digestibility of wet foods
led to an overestimation of ME when using the NRC/FEDIAF and Atwater equations;
conversely, the more digestible dry foods resulted in a slight underestimation of ME with
these same equations [13].

Calvez et al. [10] also reported different results after comparing equations and con-
cluded that ME estimation using the modified Atwater factors equation was worse com-
pared to the NRC and FEDIAF equations. However, some limitations should be considered
in their study, since some data were incomplete, limiting the number of available food trials
to be analyzed. Additionally, they performed these studies with a small number of animals
from a single research colony and a limited number of feeding trials were conducted using
wet food. Additionally, these authors observed that when using measured GE (without
subtracting energy lost in fermentation, urine, and feces) rather than the predicted GE, the
NRC and FEDIAF equations performed better. Although this is an interesting finding, it
is not easily achieved in normal routine, since the GE measurement is performed using a
calorimeter, which is not easily available to veterinarians and in veterinary clinics. Thus,
an alternative for the future is to stimulate pet food companies to also include the food’s
GE value on the label.

Additionally, it is worth mentioning that the differences in the results of the current
study may be associated with the sample size used. In the present study, the analyzed
products were only those available in the Brazilian market. Thus, in relation to extruded dry
foods, the underestimated values of ME can be due to inaccurate nutrient concentrations
used in the equation, since the information on nutritional composition may not accurately
reflect the chemical composition of the tested products. This can be explained by the fact
that the regulation of commercial pet food is provided by Normative Instruction number 09,
published in 2003 [2], and establishes that manufacturers are required to include minimum
percentages of CP and EE, and maximum percentages for moisture, ash, and crude fiber [2].

The objective of this study is precisely to demonstrate the practical reality of applying
predictive equations. It is well established that the most current prediction equations are
more accurate when applied to the exact composition of the evaluated products; however,
this is rarely the case. Kienzle et al. [14] conducted a trial to develop an equation based on
the analysis of GE by bomb calorimetry and the prediction of apparent energy digestibility
through the fiber content of the diet. The results showed a slight overestimation of ME
values when compared to the gold standard method, which supported the proposal of a
new equation. This equation aims to mitigate potential variation caused by GE estimation
and is far more applicable in practice than in vivo methods. Nonetheless, in practice,
ME estimates are often based solely on label composition, which relies on minimum
and maximum guaranteed values. For instance, comparisons between label values and
laboratory bromatological analyses in North America have shown that commercial pet
foods typically contain, on average, 1% more EE and CP than the minimum guaranteed,
and 1% less moisture and ash than the maximum declared values [15]. Currently, such
comparative studies are not available for pet foods outside the North American market,
but they may prove valuable for improving ME estimation globally.

Furthermore, Sutherland et al. [16] recently evaluated the equations used to develop
commercial feeding guidelines (traditional Atwater equation or modified Atwater equation)
in 200 dry dog foods sold in Canada. Their findings revealed that 38% of the evaluated
diets did not calculate ME based on AAFCO recommendations. This highlights a critical
issue—pet food labels may not always provide ME values derived from standardized or
accurate methods, making it difficult for veterinarians and pet owners to rely solely on this
information. Given these inconsistencies, having a reliable and easy-to-use predictive tool
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is essential for veterinary professionals to make more accurate dietary recommendations,
ensuring optimal nutrition for companion animals.

Discrepancies between ME values obtained from animal experiments and those pre-
dicted by equations are expected. However, it is crucial to identify an equation that more
accurately reflects the nutrient composition and digestibility profile of modern pet food
formulations. Existing predictive equations were likely developed based on ingredient
profiles and formulations that have since evolved, potentially leading to inaccuracies in
current estimations. As pet food manufacturing continues to incorporate novel ingredients
and processing techniques, there is a growing need to refine or develop new predictive
models that align more precisely with these changes. By improving the accuracy of ME
estimation, it may be possible to enhance diet formulation, optimize nutrient utilization,
and ultimately contribute to better health outcomes for companion animals. The Atwater
factors equation is the oldest and was initially used for products with very high digestibility,
and also takes into consideration the same values of nutrients (minimum); however, it
resulted in the best prediction of ME. This fact also emphasizes the hypothesis of an increase
in the digestibility and improvement of ingredients used in the pet food industry in recent
years, when compared to the composition and digestibility of ingredients used in the 1970s,
1980s, 1990s, or even 2000s. Still, it may be that the errors compensate for each other; i.e.,
that the overestimate of digestibility compensates for the underestimate of nutrients by the
minimum levels labeling. That may be helpful in practical nutrition in countries with the
corresponding maximum and minimum labeling legislation.

Regarding wet foods, it is worth noting that their macronutrients and energy content
differ from those of extruded dry foods [1]. This can result in a difference in accuracy
between the different equations studied. Most wet foods are formulated with a relatively
small proportion of NFE, resulting in levels of digestible CHO between 4% and 13% [17]
since they do not require CHO for the process of starch gelatinization during extrusion.
These types of foods also have high inclusion levels of fresh or frozen meat, which have a
high protein and fat content [17]. As different predictive equations can have distinct results
when applied to wet or dry foods, it is preferable to analyze the data separately [10]. In
addition, these different results are expected, since most of the predictive equations [6,7]
were determined before the consumption of wet food became popular [8] and, therefore,
the equations were not developed for this food profile.

It is important to emphasize that veterinarians and pet owners only have access to the
information provided on food labels, which includes maximum and minimum nutrient
levels, as stipulated by current legislation. This limitation means that the ME values
calculated using the equations evaluated in this study can be easily utilized and applied in
daily practice, highlighting the need for more reliable predictive equations to support this
routine. Moreover, the most commonly used equations tend to underestimate ME values.
These equations either align with Brazilian legislation [2], which allows for ME prediction
using the modified Atwater factors equation, or they adhere to the primary bibliographic
references utilized by professionals in the field of nutrition [9,18].

Depending on the quality of the diets (super premium, premium, or economic), the
difference between ME-predictive values obtained through these equations and the real
ME value can be higher than 20%. The practical consequence of these underestimated
calculations is that if the amount of food consumed by any animal is determined based
on the ME of the food [1,9] this will result in an excess of the ingested amount and,
consequently, in weight gain and obesity [10,18]. The underestimated values of a diet’'s ME
may be one of the main factors resulting in a high incidence of the obesity presently evident,
or at least a contributing factor. This problem becomes more important considering that
even though pet owners look for veterinarian orientation to give the correct amount of food
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recommended to their pets, the amount of food may be inappropriate due to the inaccuracy
of the ME-predictive equations used, as pointed out in the present study.

Another point to be highlighted is the wide variation in the composition of the wet
foods evaluated; this large variation makes it difficult to estimate any of the prediction
equations already proposed. Still, as a reference to the composition, some evaluated
products present a crude fiber content greater than 8% of the dry matter, and according
to the NRC [1], this estimate may be inaccurate. Considering that none of the equations
currently available truly expressed a similarity with in vivo tests, it would be interesting
to find new formulas to better estimate pet food ME. Then, these new formulas should be
applied to current pet food products and might be specific to each type of product, such as
grain-free, light, or wet foods, in order to reduce major chemical composition differences.
These measures are important since an equation only fits properly to a food if it takes into
consideration the characteristics of this food [1]. Another important quality control for an
equation would be to use different datasets to generate and to test it, ensuring that it is
accurate with different samples from the same market segment.

Nevertheless, it should be emphasized that even though future ME equations have
become effective, there will always be the challenge of the animal’s intrinsic variations that
can alter energy utilization and ME value, such as age, sex, neutered status, husbandry, and
activity level [19,20]. Considering this, owners and professionals must always adjust caloric
intake according to individual responses, aiming to maintain an ideal body condition
score for each case. This is even more important in weight loss programs for patients with
overweight or obese. In these situations, simply reducing calories through a maintenance
diet will lead to undernutrition due to the fixed formula. Cutting calories reduces not
only overall food intake but also essential nutrients such as proteins, vitamins, fats, and
minerals. The use of fortified diets is essential to prevent this issue, and their ME should be
determined by the manufacturer through in vivo assays to ensure reliable values for the
calculation of both calorie and nutrient intake during the process.

By comparing the differences in energy intake between the NRC equations for inac-
tive/castrated or active/intact dogs (95 kcal x body weight"”> versus 110 kcal x body
weight®”®) and cats (75 kcal x body weight*®” versus 100 kcal x body weight"®?), the
change in energy intake categories differs by 13.63% for dogs and 25% for cats. Therefore,
the authors of this work believe that differences between the equations should be, at least,
inferior to these percentages to avoid significant changes in energy recommendations for
each category.

5. Conclusions

In conclusion, the Atwater factors equation, even though it is the oldest equation,
resulted in the best ME prediction for nutritional practice and routine for dry extruded and
wet dog and cat food products currently commercially available in Brazil, evaluating the
nutrient composition of the label with its maximum or minimum levels depending on the
nutrient. This raises new perspectives on the prediction of pet food ME and demonstrates
that further studies are needed in order to improve this area of knowledge. Therefore, with
these improvements, it will be possible to reduce cases of malnutrition in dogs and cats
in countries where the label legislation allows for the inclusion of maximum or minimum
content values.



Animals 2025, 15, 1477 12 of 13

Author Contributions: Conceptualization, T.H.A.V,; methodology, ].C.d.C.B. and TH.A.V,; software,
J.C.d.C.B,; validation, PH.M., ].C.d.C.B. and T.H.A.V,; formal analysis, M.FR., ].C.d.C.B. and TH.A.V,;
investigation, PHM., ARA,, L.dAP,LWR,MER, AB.F, RV.A.Z and G.L.EF; writing—original
draft preparation, PH.M. and TH.A.V,; writing—review and editing, PH.M., G.L.EF, ].TJ. and RS.P;
supervision, ].C.d.C.B. and T.H.A.V,; project administration, TH.A.V. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable. All data presented are based solely on
information obtained from pet food labels. Therefore, there is no need for ethical approval, as no
animals were used in any part of the study.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The authors thank the Sao Paulo Research Foundation—Fundagao de Amparo
a Pesquisa do Estado de Sao Paulo (FAPESP)—for the scholarship (Process #2023/09486-5, Process
#2024 /19186-1 and Process #2023 /07307-6) and grants (Process #2022 /06499-6). Balieiro, J.C.C. thank
the National Council for Scientific and Technological Development (CNPq) for the productivity grant
(309189/2023-3). The authors also acknowledge the provision of scholarships by the Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES)—Brasil—Finance Code 001. The authors
would like to thank Grandfood Industria e Comercio LTDA. (PremieRpet®) for maintaining the
Pet Nutrology Research Center (CEPEN Pet) and the Veterinary Nutrology Service at the Teaching
Veterinary Hospital —FMVZ/USP.

Conflicts of Interest: Authors Juliana Toloi Jeremias and Raquel Silveira Pedreira are employees of
the company PremieRpet. The remaining authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a potential conflict
of interest.

References

10.

11.

NRC (National Research Council). Nutrient Requirements of Dogs and Cats; National Academy Press: Washington, DC, USA, 2006.
Brazil. Ministry of Agriculture, Livestock, and Supply. Establishes Criteria and Procedures for the Registration, Label-
ing, and Advertising of Products for Pet Animal Feed and Exemptions from Mandatory Registration; Instru¢ao Normativa
No. 30, de 05 de Agosto de 2009; Ministry of Agriculture, Livestock, and Supply: Brasilia, Brazil, 2009. Available
online: https:/ /www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/alimentacao-animal /
arquivos-alimentacao-animal/legislacao/instrucao-normativa-no-30-de-5-de-agosto-de-2009.pdf (accessed on 25 October 2024).
Castrillo, C.; Hervera, M.; Baucells, M.D. Methods for predicting the energy value of pet foods. Rev. Bras. Zoot. 2009, 38, 1-14.
[CrossRef]

Association of American Feed Control Officials (AAFCO); Official Publication; AAFCO: Washington, DC, USA, 2019.

Rubner, M. Calorimetrische untersuchungen (Calorimetric Investigations). Z. Fur Biol. 1985, 261, 261-275.

Atwater, W.O. Value of food for supplying energy. In Principles of Nutrition and Nutritive Value of Food; U.S. Department of
Agriculture: Washington, DC, USA, 1902; pp. 10-12.

Association of American Feed Control Officials (AAFCO); Official Publication; AAFCO: Washington, DC, USA, 1997.

Laflamme, D.P. Determining metabolizable energy content in commercial pet foods. J. Anim. Physiol. Anim. Nutr. 2001, 85,
222-230. [CrossRef] [PubMed]

FEDIAF. Nutritional Guidelines for Complete and Complementary Pet Food for Cats and Dogs; The European Pet Food Industry
Federation: Brussels, Belgium, 2020.

Calvez, J.; Weber, M.; Ecochard, C.; Kleim, L.; Flanagan, J.; Biourge, V.; German, A.]. Metabolisable energy content in canine and
feline foods is best predicted by the NRC 2006 equation. PLoS ONE 2019, 14, €0223099. [CrossRef] [PubMed]

EN 16967:2017; Animal Feeding Stuffs: Methods of Sampling and Analysis—Predictive Equations for Metabolizable Energy in
Feed Materials and Compund Feed (Pet Food) for Cats and Dogs Including Dietetic Food. European Commission: Brussels,
Belgium, 2017. Available online: https:/ /standards.iteh.ai/catalog/standards/cen/d603d89a-b2c6-4625-b6ef-3144e80f3742 /
en-16967-2017 (accessed on 25 October 2024).


https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/alimentacao-animal/arquivos-alimentacao-animal/legislacao/instrucao-normativa-no-30-de-5-de-agosto-de-2009.pdf
https://www.gov.br/agricultura/pt-br/assuntos/insumos-agropecuarios/insumos-pecuarios/alimentacao-animal/arquivos-alimentacao-animal/legislacao/instrucao-normativa-no-30-de-5-de-agosto-de-2009.pdf
https://doi.org/10.1590/S1516-35982009001300001
https://doi.org/10.1046/j.1439-0396.2001.00330.x
https://www.ncbi.nlm.nih.gov/pubmed/11686793
https://doi.org/10.1371/journal.pone.0223099
https://www.ncbi.nlm.nih.gov/pubmed/31560713
https://standards.iteh.ai/catalog/standards/cen/d603d89a-b2c6-4625-b6ef-3144e80f3742/en-16967-2017
https://standards.iteh.ai/catalog/standards/cen/d603d89a-b2c6-4625-b6ef-3144e80f3742/en-16967-2017

Animals 2025, 15, 1477 13 of 13

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kienzle, E. Further developments in the prediction of metabolizable energy (ME) in pet food. |. Nutr. 2002, 132, 1796-1798.
[CrossRef] [PubMed]

Hall, J.A.; Melendez, L.D.; Jewell, D.E. Using gross energy improves metabolizable energy predictive equations for pet foods
whereas undigested protein and fiber content predict stool quality. PLoS ONE 2013, 8, e54405. [CrossRef] [PubMed]

Kienzle, E.; Opitz, B.; Earle, K.E.; Smith, PM.; Maskell, L.E.; Iben, C. An Improved Method for the Estimation of Energy in Pet
Foods. J. Nutr. 1998, 128 (Suppl. 512), 28065-2808S. [CrossRef] [PubMed]

Hill, R.C. Challenges in measuring energy expenditure in companion animals: A clinician’s perspective. J. Nutr. 2006, 136,
1967-1972. [CrossRef] [PubMed]

Sutherland, K.A.; Cargo-Froom, C.; Verbrugghe, A.; Shoveller, A.K. Equations used to develop commercial dog food feeding
guidelines and Canadian owner feeding practices in 2018. Can. Vet. J. 2021, 62, 357-366. [PubMed]

Urrego, M.I.G.; Ernandes, M.C.; Matheus, L.F.d.O.; Santos, K.M.; Oba, PM,; Silva, C.G.P; Vendramini, TH.A.; Pedrinelli, V.;
Brunetto, M. A. Nutritional composition and evaluation of different methodologies for fat determination in wet feed for dogs and
cats. Braz. J. Vet. Res. An. Sci. 2017, 54, 398-406. [CrossRef]

German, A.J. The growing problem of obesity in dogs and cats. J. Nutr. 2006, 136, 1940-1946. [CrossRef] [PubMed]
Bermingham, E.N.; Thomas, D.G.; Morris, PJ.; Hawthorne, A J. Energy requirements of adult cats. Br. J. Nutr. 2010, 103, 1083-1093.
[CrossRef] [PubMed]

Bermingham, E.N.; Thomas, D.G.; Cave, N.J.; Morris, PJ.; Butterwick, R.F; German, A.J. Energy requirements of adult dogs: A
meta-analysis. PLoS ONE 2014, 9, e109681. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/jn/132.6.1796S
https://www.ncbi.nlm.nih.gov/pubmed/12042532
https://doi.org/10.1371/journal.pone.0054405
https://www.ncbi.nlm.nih.gov/pubmed/23342151
https://doi.org/10.1093/jn/128.12.2806S
https://www.ncbi.nlm.nih.gov/pubmed/9868273
https://doi.org/10.1093/jn/136.7.1967S
https://www.ncbi.nlm.nih.gov/pubmed/16772469
https://www.ncbi.nlm.nih.gov/pubmed/33867547
https://doi.org/10.11606/issn.1678-4456.bjvras.2017.133279
https://doi.org/10.1093/jn/136.7.1940S
https://www.ncbi.nlm.nih.gov/pubmed/16772464
https://doi.org/10.1017/S000711450999290X
https://www.ncbi.nlm.nih.gov/pubmed/20100376
https://doi.org/10.1371/journal.pone.0109681
https://www.ncbi.nlm.nih.gov/pubmed/25313818

	Introduction 
	Materials and Methods 
	Commercial Products 
	Metabolizable Energy Estimation Equations 
	Statistical Analysis 

	Results 
	Dry Extruded Diets 
	Wet Foods 

	Discussion 
	Conclusions 
	References

