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Abstract: The pet food industry’s growth, driven by increased demand for premium options, em-
phasizes the popularity of canned dog foods due to their palatability and convenience. This study
evaluates the nutritional and microbiological quality of canned dog food for puppies and adult dogs,
with and without grains, immediately after opening and following 24 h of incubation simulating
home storage conditions. The grain-free products exhibited higher protein and energy levels, while
the grain-included products contained more ether extract, crude ash, and nitrogen-free extract. Age-
specific differences revealed higher ether extract, crude ash, crude fiber, and energy in growing dog
foods and more nitrogen-free extract in adult dog foods. Discrepancies between labeled nutrient
values and laboratory results indicated overstatements for ether extract and underestimations for
protein and crude ash. A microbiological analysis showed that the canned dog foods were generally
safe when opened, but after 24 h, 85% exhibited bacterial presence, emphasizing the need for rigorous
evaluation. A statistical analysis did not confirm associations between grain presence or age group
and microbiological contamination. This study underscores the importance of accurate labeling
for nutritional value and emphasizes the need for microbiological safety evaluations, especially in
regions lacking specific regulatory standards, to ensure pet food safety and nutritional adequacy.

Keywords: wet pet food; microbiological quality; pathogenic microorganisms; product quality;
growing dogs; chemical composition

1. Introduction

In recent years, veterinary services have demonstrated a positive impact on animal
population demographics, health, and the overall well-being of pets, potentially affecting
human welfare [1]. It can be said that pets hold a significant place in the lives of people who
regard their pets as “members of the family” [2–4]. The increase in the pet population has
contributed to substantial growth in the pet food industry, driven by an increasing demand
for premium and nutritious options to meet the dietary requirements of canine companions.
Canned dog foods, characterized by their palatability, moisture content, and convenience,
have gained considerable popularity among pet caregivers seeking the optimal nutrition
for their pets. Although canned foods are the most expensive model of dog nutrition in
terms of maintenance per day and per 1000 kcal of metabolizable energy [5], they offer
a compromise for those seeking less processed nutrition (compared to extruded food)
for their dogs. Canned dog foods provide an alternative between the time-consuming
preparation of homemade wet meals by the caregiver and commercially processed dry
food. To ensure the safety and nutritional adequacy of these moist formulations, a rigorous
evaluation of their microbial quality and nutrient profiles is imperative.
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The presence of pathogenic microorganisms in pet food can pose a substantial health
risk to dogs and potentially impact public health [6–8]. Therefore, a thorough assessment
of the microbiological quality of canned pet food is vital to maintaining the well-being of
canine companions. This is particularly noteworthy considering that, dog food, even in its
raw form, undergoes no additional thermal processing before serving, unlike human ready-
to-cook food, which is subject to thermal processing that has the potential to eliminate any
pathogens present in the product [9]. Microbial contamination is a potential concern in pet
food, and it can manifest at multiple stages, spanning from the acquisition of raw materials
to processing, packaging, and storage. Furthermore, the final handling of pet food before
consumption is recognized as a critical hazard, making consumers, retailers, distributors,
and manufacturers jointly responsible for safeguarding the nutritional integrity and safety
of these food products [10,11]. Microorganisms such as Salmonella spp., Escherichia coli,
Campylobacter spp., and Listeria monocytogenes are of particular concern, as they have the
potential to cause severe infections in both animals and humans [7,12–14]. Salmonella is the
most important biological risk in animal nutrition, and there have been several reported
instances of Salmonella contamination in pet food and treats in recent years [6,8,15–17].
Reports indicate that pet food may harbor additional microbial pathogens, including
Listeria, Enterobacteriaceae, and Campylobacter [13,18–21]. Dogs can become carriers of these
pathogens, leading to zoonotic transmission [22], underscoring the significance of the
regular monitoring and evaluation of canned pet food.

Moreover, the presence of spoilage microorganisms in canned pet food can result
in the degradation of its nutritional value, taste, and texture. Bacterial species, such as
Pseudomonas, Enterobacter, and Clostridium, are known to contribute to food spoilage by pro-
ducing enzymes, toxins, and off-odors [23–25]. The growth of these spoilage organisms is
influenced by factors like water activity, pH, temperature, and packaging conditions [26,27].
Good microbiological quality of foods can be particularly important among groups of
animals with reduced immunity. Among dogs, for example, these may include sick ani-
mals and canine seniors, but also puppies. Thus, the microbiological composition of the
food, which includes the presence of potential pathogens or microorganisms causing food
spoilage, determines the product’s quality and its shelf life.

In addition to microbial quality, nutritional adequacy is a critical aspect of dog foods,
considering the distinct dietary requirements between adult dogs and growing puppies.
Puppy feeding is a demanding period in dogs’ lives, full of challenges for their caregivers.
The goal of a feeding plan for puppies is to create a healthy adult. The specific objectives
of a good puppy feeding plan are to achieve healthy growth, meaning the progressive
development of physical, cognitive, and behavioral attributes in a balanced manner, as well
as to optimize trainability and immune function and minimize obesity and developmental
orthopedic disease. Growth is a complex process involving interactions between genetics,
nutrition, and other environmental influences. Nutrition plays a role in the health and
development of growing dogs. Their need for energy is greater than at any other stage
of a dog’s life, with the exception of lactation [28]. A mismatch in the amount of protein
and energy in the diet may result in relative protein deficiency, which can cause immune
problems and carbohydrate intolerance later in life [29]. Therefore, tailoring puppy foods
to meet their specific protein and energy requirements is critical for ensuring the optimal
size, form, and health in adult dogs.

The objective of this study was to assess the nutritional value and microbiological
safety of canned food for puppies and adult dogs, categorized into grain-included and
grain-free products, and to compare the findings with the information provided in the
nutritional guidelines and on the product labels.

2. Materials and Methods
2.1. Sampling

For the experiment, various types of canned dog food available on the European mar-
ket were selected, based on a database of all products intended for standard maintenance,
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as well as products specifically formulated for puppies and growing dogs. Additionally,
the selection was based on the presence or absence of grains in the composition. A total
of 20 commercial canned dog foods were included in the research material, comprising
10 canned foods for adult dogs (A, of which 5 included grains, GI, and 5 were grain-free,
GF) and 10 canned foods for puppies and growing dogs (P, including 5 GI and 5 GF).

The canned dog food products were chosen from a mix of 6 international brands
and 4 local brands, purchased locally from various commercial suppliers and pet food
supermarkets. The size of the cans/jars varied, ranging from 380 g to 800 g.

The key nutritional information provided on the labels of the canned dog foods was
recorded, including the macronutrient content. The country of origin and batch number
of each product were also documented. The composition of the main ingredients of the
canned dog foods is shown in the Supplementary Material (Table S1).

For a chemical analysis, representative samples were collected. Three units from
the same batch were acquired for each food. In the laboratory, the three cans of the
same diet were pooled, mixed thoroughly, and used for the analysis. The samples were
weighed and dried in an oven at 65 ◦C for 48 h, then reweighed to measure their moisture
content. Subsequently, the samples were ground into a powder using a laboratory mill
(KNIFETEC 1095, Foss Tecator, Höganäs, Sweden), passed through a 1 mm sieve, and
transferred to sterile containers labeled with consecutive symbols (samples 1–20). To avoid
cross-contamination, the laboratory mill was thoroughly cleaned and vacuumed between
processing different samples. Approximately 200 g of each milled sample was utilized for
the chemical analysis, and three measurement replications were conducted for each sample
to ensure accuracy and reliability.

The remaining milled samples were then stored in individual sealed containers at 4 ◦C
until they were required for further microbial evaluation. The microbiological evaluation
was performed within two weeks after purchase, immediately after opening the food.

2.2. Nutritional Value
2.2.1. Proximate Analysis

Dry matter (DM), crude protein (CP), crude fiber (CF), ether extract (EE), and crude
ash (CA) were measured to assess the nutritional quality of the tested pet food. All
tests were performed using ISO 17025 [30] accredited methods based on AOAC [31]. To
determine dry matter, the samples were dried at 105 ◦C to a constant weight (method
945.15). Crude protein (N × 6.25) (method 945.18) was identified via the Kjeldahl method,
using a Büchi Scrubber B414 unit and a Büchi 324 distillation set (Büchi Labortechnik AG,
Flawil, Switzerland). Ether extract was identified via the traditional Soxhlet extraction
method with diethyl ether (method 2003.06). Crude fiber was determined as residue after
sequential treatment with 1.25% H2SO4 and with 1.25% NaOH using an ANKOM220 Fiber
Analyser (ANKOM Technology, New York, NY, USA). Crude ash was measured by burning
in a muffle furnace at 580 ◦C for 8 h (method 920.153). Nitrogen-free extract (NFE) was
calculated as follows [32]:

NFE(wet basis)(%) = 100 − (%moisture + %CP + %EE + %CA + %CF)

The results are expressed as g per 100 g of DM. The levels of CP and EE were com-
pared with the recommended amounts of these nutrients for adult dogs determined by
FEDIAF [33]. The demand for nutrients recommended by the nutritional guidelines is
expressed in a unit per 100 g of DM, assuming an energy density of 400 kcal.

2.2.2. Energy Value

Based on the identified chemical composition, the metabolizable energy (ME,
kcal/100 g DM) of the foods was calculated, according to the predictive equation by the
National Research Council [34], using a 4-step calculation.
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2.3. Microbiological Analysis

The canned dog food samples were examined according to the requirements for micro-
biological examinations of food and animal feeding stuffs (ISO 7218:2007/Amd 1:2013) [35].
The preparation of samples and dilutions was performed according to the European stan-
dard for meat and meat products (ISO 6887-2:2017) [36]. The microbiological analyses were
performed immediately after opening the can and included: the detection and enumeration
of aerobic mesophilic bacteria (TAMBC, ISO 4833-2:2013) [37], Enterobacteriaceae (ISO 21528-
1:2017) [38], Escherichia coli (ISO 7251:2005) [39], Salmonella spp. (ISO 6579-1:2017) [40],
coagulase-positive staphylococci (Staphylococcus aureus and other CPS species, ISO 6888-
3:2003) [41], Listeria monocytogenes and Listeria spp. (ISO 11290-1:2017) [42], Clostridium
perfringens (ISO 7937:2004) [43], Bacillus cereus (ISO 7932:2004) [44], Pseudomonas spp. (ISO
13720:2010) [45], and yeasts and molds (ISO 21527-1:2008) [46].

If the number of colonies was between 3 and 1, the result was calculated using the
formula 4

V∗d CFU/g of dog food.
However, if no colony of microorganisms was isolated, the result was calculated

according to the formula 1
V∗d CFU/g of dog food, where:

d—sample dilution
V—volume of the inoculum (mL).

To simulate home storage conditions, after opening, the cans of food were incubated
at room temperature (20 ◦C) for 24 h. Next, the microbiological analyses were performed
using the same ISO standards. In the case of the isolation of microorganisms after 24 h of
incubation simulating home storage conditions, regardless of the number of colonies grown
on appropriate media, the results were interpreted as the presence of microorganisms
(D—detected). However, the lack of growth of microorganisms on the media despite
the 24 h incubation of food samples was interpreted as an undetected microorganism
(ND—not detected).

2.4. Statistical Analysis

A one-factorial analysis of variance (ANOVA) and principal component analysis (PCA)
were carried out using the STATISTICA v13.3 software (TIBCO Software [47] Inc., Palo Alto,
CA, USA). Tukey’s Honestly Significant Difference (HSD) at p = 0.05 was used to find the
differences between means. The means denoted by different letters differed statistically.

To compare the nutritional value of the dog foods, we determined their compositions
(CP, EE, CF, CA, NFE, and ME). The percentage of a given nutrient and metabolic energy in
the profile is expressed by an arithmetic mean converted into units on a 9-point scale. For a
profile comparison, Cohen’s profile similarity coefficient rc was used, calculated based on
the following formula [48]:

rC =

n
∑

i=1
AiBi + nm2 − m

(
n
∑

i=1
Ai +

n
∑

i=1
Bi

)
√(

n
∑

i=1
A2

i + nm2 − 2m
n
∑

i=1
Ai

)(
n
∑

i=1
B2

i + nm2 − 2m
n
∑

i=1
Bi

)
where:

Ai and Bi—unitarized values of traits included in the compared profiles A and B;
n—number of traits in the profile;
m—midpoint of the ranking scale.

This coefficient value was measured in the range from −1.00 to 1.00, and its inter-
pretation depends on the value: x ≥ +0.75 (high similarity); + 0.75 > x > +0.30 (moderate
similarity); + 0.30 ≥ x ≥ −0.30 (no similarity); −0.30 > x > −0.75 (moderate dissimilarity);
and x ≤ −0.75 (high dissimilarity). The closer the values of rc were to the boundary values
(1/−1), the stronger the evaluated similarity/dissimilarity was. An inter-profile analysis
was conducted using MS Office 2017.
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3. Results
3.1. Nutritional Value and Compliance with the Label

Significant differences were discovered in the amounts of the evaluated nutrients,
depending on the food (Table 1).

Table 1. Chemical composition (g/100 g DM) and energy value (kcal/100 g DM) of the analyzed
commercial wet dog food 1.

Item 1 Moisture g/100 g CP EE CF CA NFE ME

1 A GI 76.35 j 47.74 h 27.69 f 3.392 gh 12.043 j 16.792 e 415.5 a
2 A GI 73.54 ij 48.30 h 25.77 d 3.712 hi 10.266 h 17.139 e 422.7 b
3 A GI 70.59 ghi 35.63 d 35.36 o 2.269 de 13.052 k 17.569 ef 468.4 i
4 A GI 69.60 fgh 45.15 g 32.53 l 2.044 de 8.291 f 20.132 g 453.5 def
5 A GI 46.05 a 30.78 a 27.04 e 1.040 a 6.462 d 38.721 k 461.6 gh
6 A GF 64.88 de 40.97 f 43.46 q 3.474 gh 8.021 f 9.992 d 498.0 l
7 A GF 53.26 bc 44.30 g 27.01 e 1.205 ab 5.851 c 27.693 i 456.1 fg
8 A GF 56.07 c 50.61 i 22.50 b 1.055 a 7.032 e 22.296 h 449.7 de
9 A GF 66.37 def 74.71 n 18.18 a 2.209 de 3.830 a 4.594 b 440.6 c

10 A GF 65.41 de 58.70 k 27.94 g 3.727 hi 4.029 a 10.706 d 455.0 ef
11 P GI 50.80 b 32.67 bc 33.90 m 1.275 abc 6.341 d 32.135 j 477.5 j
12 P GI 51.28 b 31.67 ab 36.22 p 1.277 abc 5.863 c 31.166 j 489.1 k
13 P GI 68.19 efg 44.19 g 34.90 n 2.173 de 9.408 g 16.165 e 465.4 hi
14 P GI 68.69 efgh 52.15 j 30.39 k 4.143 ij 11.042 i 5.082 b 449.5 de
15 P GI 70.30 ghi 39.04 e 29.97 j 4.536 j 9.683 g 18.918 fg 448.6 d
16 P GF 71.96 ghi 52.44 j 29.18 i 1.827 cd 10.707 i 8.395 c 466.3 hi
17 P GF 72.20 hi 62.75 l 24.44 c 5.315 k 10.052 h 1.635 a 414.2 a
18 P GF 64.97 de 33.66 c 49.84 r 1.709 bcd 13.707 l 9.674 cd 502.5 l
19 P GF 63.36 d 67.09 m 28.10 h 2.546 ef 3.691 a 4.798 b 463.3 hi
20 P GF 64.23 d 62.95 l 29.97 j 3.086 fg 5.370 b 2.110 a 475.2 j

Contrast

Mean for A 64.21 a 47.69 a 28.75 a 2.413 a 7.888 a 18.563 b 452.1 a
Mean for P 64.60 a 47.86 a 32.69 b 2.789 b 8.586 b 13.008 a 465.1 b

Contrast

Mean for GF 64.30 a 54.82 b 30.06 a 2.616 a 7.229 a 10.189 a 462.1 b
Mean for GI 64.54 a 40.73 a 31.38 b 2.586 a 9.245 b 21.382 b 455.2 a

Recommended minimum level [33]
Adult dogs based on MER of 110 kcal/kg BW0.75 18.00 5.50

Growing dogs: early growth
(<14 weeks) 25.00 8.50

Growing dogs: late growth
(≥14 weeks) 20.00 8.50

DM—dry matter; CP—crude protein; EE—ether extract; CF—crude fiber; CA—crude ash; NFE—nitrogen free
extract; ME—metabolizable energy; MER—maintenance energy requirements; BW—body weight; A—food for
adults dogs; P—food for puppies and growing dogs; GI—grain-included; and GF—grain-free. 1 Means with at
least one same letter (a–r) not differ statistically at p = 0.05 (for all columns separately).

Significantly greater amounts of protein and energy were found in the grain-free
products than in the grain-included foods (with average values of 54.82 g of CP and
462.1 kcal versus 40.73 g of CP and 455.2 kcal in 100 g DM, respectively). Of all the
foods analyzed, significantly more protein was found in the grain-free food for adult
dogs 9_A_GF (74.71 g/100 g DM). The lowest levels of protein were in the grain-included
foods 5_A_GI and 12_P_GI (30.78 and 31.67 g/100 g DM). Based on the FEDIAF [33]
daily requirements, all 20 canned foods presented higher protein concentrations than the
recommended minimum levels (18 g/100 g DM for adults considering an energy intake of
110 kcal/kg BW0.75 for dogs with moderate activity and 25 or 20 g/100 g DM for growing
dogs, early and late growth, respectively) (Table 1).
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Significantly more ether extract, crude ash, and NFE were found in the grain-included
products. The greatest amount of ether extract was found in grain-free adult dog food no
6 (43.46 g/100 g DM, Table 1), and the lowest amount in grain-free adult dog food no 9
(18.18 g/100 g DM). All the tested canned foods presented higher ether extract concentra-
tions than the recommended minimum levels (5.50 g/100 g DM for adults and 8.5 g/100 g
DM for growing dogs). Dog food for puppies without grains (18_P_GF) had the highest
level of crude ash (13.707 g/100 g DM, Table 1), and dog food for adults with grains
(5_A_GI) had the highest level of NFE (38.721 g/100 g DM). The lowest amount of NFE
was in the grain-free dog food for puppies at the level of less than 2% of DM (17_P_GF,
1.635 g/100 g DM, Table 1). The grain-free and grain-included foods did not differ in their
mean levels of DM and crude fiber. In the case of the age division of dog foods, the growing
dog foods contained significantly more ether extract, crude ash, crude fiber, and energy,
and the foods for adult dogs contained significantly more NFE.

To avoid assessing individual differences in the levels of individual ingredients, we
performed a comparative analysis of the nutritional profiles of the tested foods (Cohen’s
profile similarity coefficient), which included the basic composition and metabolic energy
of the foods. The number of comparisons of nutrient profiles for the grain-free foods was
45, and their differences prove a clear variation (Table 2). A lack of similarity (lack of color)
was found 20 times, and dissimilarity coefficients (dissimilarity—red color) were found
8 times. This means that the remaining Cohen’s profile similarity coefficients (17) were
above 0.3 (green) and reflected the similarity, i.e., graded conformity (shades of green) of
the nutrient profiles in terms of nutrient content and energy value. In this group of foods
(10 grain-free dog foods), the composition profile of 9_A_GF exhibited similarities with the
profiles of as many as six other dog foods. However, the profile of this particular dog food
significantly deviated from the profiles of the 6_A_GF and 18_P_GF foods (Table 2). This
observed distinctiveness was further confirmed by the PCA analysis (Figure 1), as these
dog foods are situated on opposite sides in the coordinate system (quadrants II and IV).
While the differentiation between 9_A_GF and 18_P_GF is understandable, considering
that these dog foods are designed for animals of different ages, the substantial dissimilarity
of the profiles between 9_A_GF and 6_A_GF is surprising, given that both are intended
for adult dogs. Food 9_A_GF is notably lower in energy and contains less EE and CA.
Examining Figure 1, it is challenging to identify a clear differentiation between dog foods
containing grains and those that are grain-free.

Within the GI dog foods, 18 dog foods showed dissimilarity (no color), 7 showed
dissimilarity, and 20 dog foods showed similarity in their composition profiles. Within
the puppy dog foods, out of 10 profile comparisons, as many as 7 rc values indicated a
lack of similarity in the basic composition profiles. This signifies significant variation in
these profiles, as only three rc values confirmed profile similarities, with the highest being
observed between the dog foods 1_A_GI and 2_A_GI (0.947). In the P_GI group of dog
foods, the differentiation appears even greater than that in the P_GF group, as dissimilarity
in composition profiles was found between the dog food 14_P_GI and the dog foods 11
and 12_P_GI (−0.706 and −0.696, respectively). The compositional dissimilarity of these
dog foods was confirmed by the PCA analysis (Figure 1), as these dog foods are located
in opposite quadrants of the coordinate system (quadrants I and III). This variation in
composition profiles between P_GI and A_GI was expected, but within the 25 comparisons,
as many as 13 rc values confirmed the similarity of the basic composition profiles, and only
5 indicated the dissimilarity of these profiles (Table 2).

Within the puppy dog foods, only fourteen pairs of dog foods showed similarity
(rc > 0.3) and eight showed dissimilarity (rc < 0.3). The remaining 23 coefficients confirmed
the lack of similarity of the compared pairs of dog foods. Somewhat surprisingly, the
dog foods 14_P_GI and 17_P_GF exhibited a high similarity in their composition profiles
(rc = 0.832), as evident in the PCA analysis, which located these dog foods in the first quad-
rant of the coordinate system (Table 2). Despite their significant difference in composition
(GI/GF), both dog foods had a higher CF content (Figure 1).
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Table 2. Comparative analysis of the nutritional profile (Cohen’s profile similarity coefficient) for grain-free (GF) and grain-included (GI) wet foods for adult dogs
(A) and puppies (P).

No 1_A_GI 2_A_GI 3_A_GI 4_A_GI 5_A_GI 6_A_GF 7_A_GF 8_A_GF 9_A_GF 10_A_GF 11_P_GI 12_P_GI 13_P_GI 14_P_GI 15_P_GI 16_P_GF 17_P_GF 18_P_GF 19_P_GF
2_A_GI 0.947 -
3_A_GI 0.299 0.089 -
4_A_GI 0.140 0.073 0.471 -
5_A_GI −0.112 −0.099 0.272 0.771 -
6_A_GF −0.551 −0.575 0.341 −0.026 −0.125 -
7_A_GF −0.143 −0.094 0.052 0.837 0.900 −0.219 -
8_A_GF 0.096 0.133 0.052 0.795 0.689 −0.406 0.901 -
9_A_GF 0.015 0.175 −0.574 0.095 −0.152 −0.344 0.270 0.533 -
10_A_GF −0.211 0.057 −0.717 −0.129 −0.216 0.013 0.097 0.172 0.799 -
11_P_GI −0.368 −0.384 0.341 0.752 0.933 0.213 0.827 0.550 −0.245 −0.217 -
12_P_GI −0.503 −0.518 0.329 0.676 0.856 0.368 0.749 0.448 −0.273 −0.186 0.984 -
13_P_GI 0.005 −0.149 0.800 0.783 0.434 0.467 0.423 0.404 −0.168 −0.325 0.582 0.593 -
14_P_GI 0.575 0.586 0.214 −0.294 −0.681 0.118 −0.625 −0.337 0.156 0.166 −0.706 −0.696 0.019 -
15_P_GI 0.535 0.641 0.263 −0.138 −0.047 0.070 −0.290 −0.323 −0.350 −0.026 −0.154 −0.191 −0.087 0.527 -
16_P_GF 0.210 0.089 0.553 0.472 −0.022 0.154 0.164 0.448 0.321 −0.070 0.028 0.025 0.718 0.417 −0.216 -
17_P_GF 0.645 0.749 −0.271 −0.419 −0.680 −0.315 −0.538 −0.239 0.421 0.425 −0.837 −0.877 −0.426 0.832 0.461 0.073 -
18_P_GF −0.167 −0.394 0.822 0.278 0.040 0.717 −0.118 −0.198 −0.563 −0.581 0.294 0.377 0.784 0.103 −0.061 0.490 −0.441 -
19_P_GF −0.320 −0.157 −0.571 0.048 −0.207 0.051 0.205 0.361 0.907 0.872 −0.148 −0.104 −0.059 0.093 −0.431 0.288 0.243 −0.341 -
20_P_GF −0.356 −0.210 −0.402 −0.096 −0.390 0.323 −0.037 0.128 0.761 0.812 −0.256 −0.167 0.025 0.316 −0.289 0.386 0.300 −0.112 0.932
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x ≥ +0.75 (high similarity);

Appl. Sci. 2024, 14, x FOR PEER REVIEW 7 of 23 
 

Table 2. Comparative analysis of the nutritional profile (Cohen’s profile similarity coefficient) for grain-free (GF) and grain-included (GI) wet foods for adult 
dogs (A) and puppies (P). 

No 1_A_GI 2_A_GI 3_A_GI 4_A_GI 5_A_GI 6_A_GF 7_A_GF 8_A_GF 9_A_GF 10_A_GF 11_P_GI 12_P_GI 13_P_GI 14_P_GI 15_P_GI 16_P_GF 17_P_GF 18_P_GF 19_P_GF 
2_A_GI 0.947 -                  
3_A_GI 0.299 0.089 -                 
4_A_GI 0.140 0.073 0.471 -                
5_A_GI −0.112 −0.099 0.272 0.771 -               
6_A_GF −0.551 −0.575 0.341 −0.026 −0.125 -              
7_A_GF −0.143 −0.094 0.052 0.837 0.900 −0.219 -             
8_A_GF 0.096 0.133 0.052 0.795 0.689 −0.406 0.901 -            
9_A_GF 0.015 0.175 −0.574 0.095 −0.152 −0.344 0.270 0.533 -           
10_A_GF −0.211 0.057 −0.717 −0.129 −0.216 0.013 0.097 0.172 0.799 -          
11_P_GI −0.368 −0.384 0.341 0.752 0.933 0.213 0.827 0.550 −0.245 −0.217 -         
12_P_GI −0.503 −0.518 0.329 0.676 0.856 0.368 0.749 0.448 −0.273 −0.186 0.984 -        
13_P_GI 0.005 −0.149 0.800 0.783 0.434 0.467 0.423 0.404 −0.168 −0.325 0.582 0.593 -       
14_P_GI 0.575 0.586 0.214 −0.294 −0.681 0.118 −0.625 −0.337 0.156 0.166 −0.706 −0.696 0.019 -      
15_P_GI 0.535 0.641 0.263 −0.138 −0.047 0.070 −0.290 −0.323 −0.350 −0.026 −0.154 −0.191 −0.087 0.527 -     
16_P_GF 0.210 0.089 0.553 0.472 −0.022 0.154 0.164 0.448 0.321 −0.070 0.028 0.025 0.718 0.417 −0.216 -    
17_P_GF 0.645 0.749 −0.271 −0.419 −0.680 −0.315 −0.538 −0.239 0.421 0.425 −0.837 −0.877 −0.426 0.832 0.461 0.073 -   
18_P_GF −0.167 −0.394 0.822 0.278 0.040 0.717 −0.118 −0.198 −0.563 −0.581 0.294 0.377 0.784 0.103 −0.061 0.490 −0.441 -  
19_P_GF −0.320 −0.157 −0.571 0.048 −0.207 0.051 0.205 0.361 0.907 0.872 −0.148 −0.104 −0.059 0.093 −0.431 0.288 0.243 −0.341 - 
20_P_GF −0.356 −0.210 −0.402 −0.096 −0.390 0.323 −0.037 0.128 0.761 0.812 −0.256 −0.167 0.025 0.316 −0.289 0.386 0.300 −0.112 0.932 

—puppy; —adult;  x ≥ +0.75 (high similarity);  +0.75 > x > +0.30 (moderate similarity);  +0.30 ≥ x ≥ −0.30 (no similarity);  −0.30 > x > −0.75 (mod-
erate dissimilarity); and  x ≤ −0.75 (high dissimilarity). 

+0.75 > x > +0.30 (moderate similarity);

Appl. Sci. 2024, 14, x FOR PEER REVIEW 7 of 23 
 

Table 2. Comparative analysis of the nutritional profile (Cohen’s profile similarity coefficient) for grain-free (GF) and grain-included (GI) wet foods for adult 
dogs (A) and puppies (P). 

No 1_A_GI 2_A_GI 3_A_GI 4_A_GI 5_A_GI 6_A_GF 7_A_GF 8_A_GF 9_A_GF 10_A_GF 11_P_GI 12_P_GI 13_P_GI 14_P_GI 15_P_GI 16_P_GF 17_P_GF 18_P_GF 19_P_GF 
2_A_GI 0.947 -                  
3_A_GI 0.299 0.089 -                 
4_A_GI 0.140 0.073 0.471 -                
5_A_GI −0.112 −0.099 0.272 0.771 -               
6_A_GF −0.551 −0.575 0.341 −0.026 −0.125 -              
7_A_GF −0.143 −0.094 0.052 0.837 0.900 −0.219 -             
8_A_GF 0.096 0.133 0.052 0.795 0.689 −0.406 0.901 -            
9_A_GF 0.015 0.175 −0.574 0.095 −0.152 −0.344 0.270 0.533 -           
10_A_GF −0.211 0.057 −0.717 −0.129 −0.216 0.013 0.097 0.172 0.799 -          
11_P_GI −0.368 −0.384 0.341 0.752 0.933 0.213 0.827 0.550 −0.245 −0.217 -         
12_P_GI −0.503 −0.518 0.329 0.676 0.856 0.368 0.749 0.448 −0.273 −0.186 0.984 -        
13_P_GI 0.005 −0.149 0.800 0.783 0.434 0.467 0.423 0.404 −0.168 −0.325 0.582 0.593 -       
14_P_GI 0.575 0.586 0.214 −0.294 −0.681 0.118 −0.625 −0.337 0.156 0.166 −0.706 −0.696 0.019 -      
15_P_GI 0.535 0.641 0.263 −0.138 −0.047 0.070 −0.290 −0.323 −0.350 −0.026 −0.154 −0.191 −0.087 0.527 -     
16_P_GF 0.210 0.089 0.553 0.472 −0.022 0.154 0.164 0.448 0.321 −0.070 0.028 0.025 0.718 0.417 −0.216 -    
17_P_GF 0.645 0.749 −0.271 −0.419 −0.680 −0.315 −0.538 −0.239 0.421 0.425 −0.837 −0.877 −0.426 0.832 0.461 0.073 -   
18_P_GF −0.167 −0.394 0.822 0.278 0.040 0.717 −0.118 −0.198 −0.563 −0.581 0.294 0.377 0.784 0.103 −0.061 0.490 −0.441 -  
19_P_GF −0.320 −0.157 −0.571 0.048 −0.207 0.051 0.205 0.361 0.907 0.872 −0.148 −0.104 −0.059 0.093 −0.431 0.288 0.243 −0.341 - 
20_P_GF −0.356 −0.210 −0.402 −0.096 −0.390 0.323 −0.037 0.128 0.761 0.812 −0.256 −0.167 0.025 0.316 −0.289 0.386 0.300 −0.112 0.932 

—puppy; —adult;  x ≥ +0.75 (high similarity);  +0.75 > x > +0.30 (moderate similarity);  +0.30 ≥ x ≥ −0.30 (no similarity);  −0.30 > x > −0.75 (mod-
erate dissimilarity); and  x ≤ −0.75 (high dissimilarity). 
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erate dissimilarity); and  x ≤ −0.75 (high dissimilarity). 

−0.30 > x > −0.75 (moderate dissimilarity);
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—puppy; —adult;  x ≥ +0.75 (high similarity);  +0.75 > x > +0.30 (moderate similarity);  +0.30 ≥ x ≥ −0.30 (no similarity);  −0.30 > x > −0.75 (mod-
erate dissimilarity); and  x ≤ −0.75 (high dissimilarity). x ≤ −0.75 (high dissimilarity).
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The adult dog foods appeared even more differentiated than the puppy dog foods, as
28 Cohen’s coefficients indicated no similarity, 6 indicated dissimilarity, and only 11 pairs
of dog foods showed similarity. Similarities appeared between the A_GF and A_GI dog
foods, with, for example, the 6_A_GF and 3_A_GI dog foods being situated close to each
other in the second quadrant of the coordinate system. Strongly dissimilar from the other
dog foods in this group were the foods 8_A_GF and 9_A_GF, situated at the bottom of the
fourth quadrant of the coordinate system (Figure 1). They are characterized by a lower
energy value and lower EE and CA contents compared to the other tested dog foods.

It is also interesting to examine the counts of Cohen’s coefficients comparing the
puppy and adult dog foods and the grain-containing and grain-free dog foods. In the case
of the first group of comparisons (puppy/adult), out of 100 pairs of comparisons, 37 had
coefficients confirming similarity, and there were only 22 confirming dissimilarity between
the pairs of compared dog foods. The frequencies of Cohen’s coefficients in the GI and
GF comparison group were slightly more favorable. In this case, out of 100 coefficients,
25 confirmed similarity and 21 confirmed dissimilarity. The large number of similarity
coefficients between dog foods that, due to different compositions (GI/GF) or age targets
(puppy/adult), should have differed, indicates the limited validity of such divisions in the
analyzed set of dog foods.
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GF—grain-free). 
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of the coordinate system (Table 2). Despite their significant difference in composition 
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Figure 1. Biplot based on first two principal component axes for nutritional value and metabolic
energy of dog foods (a) and distribution of 20 commercial dog foods based on the first two com-
ponents obtained from principal component analysis (b) (DM—dry matter; CP—crude protein;
EE—ether extract; CF—crude fiber; CA—crude ash; NFE—nitrogen free extract; ME—metabolizable
energy; A—food for adults dogs; P—food for puppies and growing dogs; GI—grain included; and
GF—grain-free).

3.2. Compliance with Dog Food Label Declarations

In terms of the percentage distribution of the tested canned foods, based on the
disparities between the declared data and laboratory analysis results, it was found that
almost half of the tested samples contained a higher ether extract content (40% of samples)
than what the manufacturer had declared on the label. The largest excess for ether extract
was observed in the 18_P_GF sample by more than 36% above the maximum allowable
tolerance level (Table 3). In six canned dog foods (30% of samples), the manufacturers
overstated the amount of ether extract on the label relative to the results of our analysis.

An underestimation of the amounts of protein and crude ash on the food label occurred
in seven foods (35% of the samples). Our analyses showed over 88% more crude ash above
the tolerance range in the food 2_A_GI and over 50% more crude protein in the food
8_A_GF than the labels of these products declared. Higher amounts of crude ash on the
label than in our analysis were detected in two foods for growing dogs (10% of samples),
and for crude protein, in three foods (15%, including two for adult dogs and one for
puppies). Three pet foods were found to have label irregularities for all of the nutrients
analyzed, and only two foods were fully compliant with their label claims (in terms of
tolerability), (Table 3).
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Table 3. Percentage non-compliance with label declarations: comparison of the obtained results of the analytical composition with tolerances for analytical
constituents [49].

Crude Protein Ether Extract Crude Ash

Analysis Result (% Out
of Tolerance) Tolerance Range Analysis Result (% Out

of Tolerance) Tolerance Range Analysis Result (% Out
of Tolerance) Tolerance Range

1_A_GI 47.74 (2.2%↑) 40.72–46.72 27.69 27.23–36.23 12.04 (0.6%↑) 8.02–12.03
2_A_GI 48.30 42.93–48.93 25.77 (16.1%↓) 30.70–39.70 10.27 (88.6%↑) 2.44–5.44
3_A_GI 35.63 35.10–41.10 35.36 (18.8%↑) 20.83–29.76 13.05 10.71–16.07
4_A_GI 45.15 (3.9%↓) 47.0–53.0 32.53 (1.0%↑) 23.19–32.19 8.29 7.14–10.71
5_A_GI 30.78 (3.8%↓) 32.0–38.0 27.04 27.00–36.00 6.46 5.50–8.50
6_A_GF 40.97 39.37–45.37 43.46 (1.9%↑) 33.64–42.64 8.02 7.59–11.38
7_A_GF 44.30 (5.4%↑) 36.02–42.02 27.01 (5.9%↓) 28.71–37.71 5.85 4.59–7.59
8_A_GF 50.61 (51.4%↑) 27.42–33.42 22.50 (8.0%↑) 14.59–20.84 7.03 (13.3%↑) 3.21–6.21
9_A_GF 74.71 (10.2%↑) 61.81–67.81 18.18 (12.3%↓) 20.74–29.63 3.83 1.33–4.33
10_A_GF 58.70 57.0–63.0 27.94 (6.9%↑) 18.30–26.14 4.03 1.18–4.18
11_P_GI 32.67 32.0–38.0 33.90 (7.6%↑) 22.50–31.50 6.34 (15.5%↓) 7.50–11.25
12_P_GI 31.67 32.0–38.0 36.22 (15.0%↑) 22.50–31.50 5.86 (21.8%↓) 7.50–11.25
13_P_GI 44.19 42.83–48.83 34.90 28.25–37.25 9.41 7.81–11.72
14_P_GI 52.15 47.0–53.0 30.39 28.82–37.82 11.04 (8.0%↑) 6.82–10.23
15_P_GI 39.04 35.89–41.89 29.97 24.78–33.78 9.68 6.94–10.42
16_P_GF 52.44 47.00–53.00 29.18 26.55–35.55 10.71 (4.7%↑) 6.82–10.23
17_P_GF 62.75 (9.5%↑) 51.29–57.29 24.44 (4.4%↓) 25.57–34.57 10.05 8.57–12.86
18_P_GF 33.66 (15.4%↓) 39.80–45.80 49.84 (36.9%↑) 27.40–36.40 13.71 (32.4%↑) 6.90–10.35
19_P_GF 67.09 (25.2%↑) 47.61–53.61 28.09 (7.0%↓) 30.20–39.20 3.69 1.64–4.64
20_P_GF 62.95 (18.8%↑) 47.00–53.00 29.97 (8.6%↓) 32.77–41.77 5.37 (31.7%↑) 1.08–4.08

A—food for adults dogs; P—food for puppies and growing dogs; GI—grain-included; and GF—grain-free; ↑—percentage above the allowable maximum tolerance; ↓—percentage below
the minimum allowable tolerance. Dog foods that were within the tolerance limits for all ingredients were marked in bold; dog foods that were out of tolerance ranges for all ingredients
were indicated with an underline.
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3.3. Microbiological Safety

In 2 out of 20 (10%) samples of canned dog food, levels lower than 4 × 101 CFU/g
of dog food of aerobic mesophilic bacteria were detected (Table 4). No Enterobacteriaceae
family, including E. coli and Salmonella spp., and CPS, Listeria spp., Clostridium spp., Bacillus
spp., Pseudomonas spp., as well as yeasts or molds, were detected in analyzed canned dog
food samples (<1 × 101 CFU/g of dog food, Table 4).

In turn, after storing open cans of dog food for 24 h, the presence of aerobic mesophilic
bacteria was confirmed in two samples (dog food 6_A_GF and 12_P_GI, Tables 4 and 5).
Moreover, after this 24 h of incubation, bacteria were isolated from 17 (85%) foods samples
(Table 5). In only one sample (5%), despite 24 h of incubation, no microorganisms were
detected (Table 5).

Furthermore, after 24 h of incubation for the open canned dog food (Table 5), the
Enterobacteriaceae were found in six (30%) samples, although Escherichia coli and Salmonella
spp. were not identified. In turn, CPS were detected in six (30%) samples, although
Staphylococcus aureus was not confirmed. Bacillus cereus and Pseudomonas spp. were isolated
from six (30%) and five (25%) samples of canned dog food, respectively. None of the
samples of food from the open cans contained Listeria spp., Clostridium perfringens, yeast, or
molds (Table 5).

The highest microbiological diversity was observed in one (5%) sample of canned dog
food (18_P_GF), from which Enterobacteriaceae, CPS, and Pseudomonas spp. were isolated
(Table 5).

The conducted statistical analyses aimed at determining the relationship between
the frequency of microbiological contamination within the examined types of canned dog
food (GF/GI and puppy/adult) do not allow for the confirmation of such a relationship
(Table 5).
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Table 4. Microbiological analysis of the canned dog foods—in accordance with ISO standards 1.

No TAMBC Enterobacteriaceae Escherichia
coli

Salmonella
spp. CPS Listeria

spp.
Clostridium
perfringens

Bacillus
cereus

Pseudomonas
spp. TYMC

CFU/1 g of
dog food CFU/1 g of dog food CFU/1 g of

dog food
CFU/25 g

of dog food
CFU/1 g of

dog food
CFU/25 g

of dog food
CFU/1 g of

dog food
CFU/1 g of

dog food
CFU/1 g of dog

food
CFU/1 g of

dog food

1 A GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

2 A GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

3 A GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

4 A GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

5 A GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

6 A GF <4 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

7 A GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

8 A GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

9 A GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

10 A GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

11 P GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

12 P GI <4 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

13 P GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

14 P GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

15 P GI <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

16 P GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

17 P GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

18 P GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

19 P GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

20 P GF <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101 <1 × 101

TAMBC—total aerobic mesophilic bacteria count; TYMC—total yeasts and molds count; CFU—colony-forming units; CPS—coagulase-positive staphylococci (Staphylococcus aureus and
other species); A—food for adults dogs; P—food for puppies and growing dogs; GI—grain-included; and GF—grain-free. 1 The result < 1 × 101 means that no microorganisms were
isolated—below the detection limit of the method.
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Table 5. Microbiological analysis of the canned dog foods—after 24 h incubation.

No TAMBC Enterobacteriaceae Escherichia
coli

Salmonella
spp. CPS Listeria

spp.
Clostridium
perfringens

Bacillus
cereus

Pseudomonas
spp. TYMC

1 A GI D ND ND ND ND ND ND D ND ND

2 A GI ND ND ND ND ND ND ND ND ND ND

3 A GI D D ND ND ND ND ND D ND ND

4 A GI D ND ND ND D ND ND D ND ND

5 A GI D D ND ND ND ND ND ND D ND

6 A GF D ND ND ND ND ND ND D ND ND

7 A GF D ND ND ND ND ND ND ND ND ND

8 A GF D ND ND ND ND ND ND ND ND ND

9 A GF D D ND ND ND ND ND ND D ND

10 A GF D ND ND ND D ND ND ND ND ND

11 P GI D D ND ND D ND ND ND ND ND

12 P GI D ND ND ND ND ND ND ND ND ND

13 P GI D D ND ND ND ND ND ND D ND

14 P GI D ND ND ND ND ND ND ND ND ND

15 P GI D ND ND ND ND ND ND D ND ND

16 P GF D ND ND ND ND ND ND ND ND ND

17 P GF D ND ND ND D ND ND ND ND ND

18 P GF D D ND ND D ND ND ND D ND

19 P GF D ND ND ND ND ND ND D D ND

20 P GF D ND ND ND D ND ND ND ND ND

For A/P

χ2 Pearson’a - p = 1.000 - - p = 0.329 - - p = 0.329 p = 0.605 -

χ2 Yates’a - p = 0.626 - - p = 0.626 - - p = 0.626 p = 1.000 -

τb - 0.000 - - 0.218 - - 0.218 0.116 -
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Table 5. Cont.

No TAMBC Enterobacteriaceae Escherichia
coli

Salmonella
spp. CPS Listeria

spp.
Clostridium
perfringens

Bacillus
cereus

Pseudomonas
spp. TYMC

For GI/GF

χ2 Pearson’a - p = 0.329 - - p = 0.329 - - p = 0.329 p = 0.605 -

χ2 Yates’a - p = 0.626 - - p = 0.626 - - p = 0.626 p = 1.000 -

τb - −0.218 - - 0.218 - - 0.218 0.116 -

TAMBC—total aerobic mesophilic bacteria count; TYMC—total yeasts and molds count; CFU—colony-forming units; CPS—coagulase-positive staphylococci (Staphylococcus aureus and
other species); ND—not detected; D—detected (<1 × 101 CFU/g of dog food); A—food for adults dogs; P—food for puppies and growing dogs; GI—grain-included; and GF—grain-free.
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4. Discussion

Regulatory compliance for labelling is required for commercial pet foods marked as
complete. Pet food labels offer valuable insights into product details and serve as a crucial
resource for pet owners when determining how to nourish their pets. However, studies
analyzing the use of pet food labels have indicated that fewer than 40% of pet caregivers
consistently review these labels when making feeding decisions [50], although this may
have changed in recent years as consumers have become increasingly aware. While, in
our study, all the tested canned dog foods were in line with the recommended levels of
macronutrients stated in the nutritional guidelines [33], significant discrepancies were
observed between the manufacturer’s label declarations and the results of the chemical
analysis. Among the analytical constituents, discrepancies in ether extract and crude protein
contents were the most prevalent in the canned dog foods evaluated in this study (70%
and 50% of the tested canned dog foods were inconsistent with the manufacturer’s claims
for EE and CP, respectively). More specifically, in 40% of the products, the measured ether
extract content was found to be higher than that declared. While the FEDIAF guidelines do
not specify a maximum recommended fat intake, the NRC [34] suggests a safe upper limit
(SUL) of 82.5 g fat/1000 kcal for dogs. This recommendation is based on evidence indicating
a potential association between high-fat diets and the development of acute pancreatitis
in dogs [51,52]. It is important to note that this relationship has not been definitively
established [53]. Nevertheless, it is advised to avoid feeding commercial high-fat diets
to dogs at a heightened risk of developing acute pancreatitis or those with altered lipid
profiles, such as obese dogs [54]. Alarmingly, among the canned dog foods evaluated in
this study, one dog food intended for growth (18_P_GF) provided significantly less crude
protein (−15.4%) while containing more ether extract (+36.9%) than what the manufacturer
stated on the label. Feeding dogs a high-fat, high-energy, low-protein diet can lead to
insufficient protein (and amino acid) intake or an excess of energy [55]. Providing such
food to a puppy can be harmful to their growth and may have lasting consequences on
their future adult lives. Research conducted on rats [56] has demonstrated that a high-fat,
low-protein diet may elicit significant physiological, metabolic, and histological changes
in rat models, and these alterations appeared to be associated with the development of
metabolic syndrome and the potential disruption of cognitive functions in female rats.
Fortunately, some previous assessments have confirmed compliance with regulations in
the case of pet food, resulting in relatively favorable outcomes. For instance, in the United
States, the variation between the protein content indicated on labels and the actual analyzed
protein content in pet food was considered to be acceptable [57]. However, in Canada, 11%
of dry pet food samples fell below the lower tolerance threshold for protein content [58],
while, in our study, three canned dog foods (15%) exhibited protein content below the
lower tolerance threshold (Table 3). In these products, the protein content on the label
was overestimated by an average of 7.7%. In turn, a similar study conducted in Brazil [59]
on canned dog foods found an overestimation of the composition declared on the label
compared to the actual content, with the following discrepancies: total protein by 2.6%,
ether extract by 1.2%, crude fiber by 3.7%, and crude ash by 6.4%. In our study, for the
amount of ether extract, there was an overestimation of the composition declared on the
label compared to the actual content in six canned dog foods (by an average of 9.1%) and
an underestimation in eight canned dog foods (by an average of 12.0%). We posit that
the disparities observed between the label data and the analysis results do not indicate
intentional data falsification by the manufacturer. It is essential to underscore that our
study involved the analysis of only three batches of a particular product, recognizing the
potential for variations among batches. However, despite this limitation, we assert that this
report will serve as an impetus for manufacturers to enhance and rigorously monitor the
nutritional value of both their raw materials and finished products, aiming to mitigate the
occurrence of such discrepancies in the future.

It is worth noting that our study, surprisingly, showed that the intended age of use
for the dog food (puppy/adult) and the presence or absence of grains in the formula
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did not highly differentiate these groups of foods from each other. Although puppy
foods contained, on average, more ether extract, crude fiber, crude ash, and energy than
adult dog foods, and grain-free foods contained more crude protein and energy than
grain-included dog foods (Table 1), Cohen’s similarity analysis (Table 2) revealed a large
number of similarity coefficients between these groups of foods, indicating the limited
validity of such divisions in the analyzed set of canned dog foods. This confirms other
studies on cat foods in which the inclusion or exclusion of cereals in the formulation and
the categorization of foods by life stage did not significantly impact the crude protein
content of the pet foods [60]. However, it is essential to note that this does not imply
interchangeability between puppy and adult dog food. Our study only analyzed basic
nutrients (macronutrients), and variations in individual amino acids, minerals, and fatty
acids, specific to each age category, were not considered. These parameters, unexplored
in this study, can significantly influence product differentiation. Additionally, although
not conclusively demonstrated in our study, the presence or absence of grains can indeed
influence the nutritional value of the final product, as suggested by earlier research [61,62].
In our previous investigation [62], the addition of grains to dog food notably impacted the
quantity of carbohydrates in the diet, concurrently reducing the average contents of protein,
fat, and ash. The grain-free trend in the pet food sector has gained substantial attention [63],
underscoring the significance of taking these factors into account when choosing dog food.

Pet food is subjected to strict regulations to ensure the highest standards of hygiene,
safety, and quality. European pet food manufacturers are obligated to comply with a series
of regulations that cover the entire production process, from the selection of raw materials
to the sale of the final products [33]. However, there is a lack of strict regulations regarding
the maximum limits for individual biological contaminants in pet food. Under EU regula-
tions, it is stipulated that “the feed business is primarily responsible for feed safety” [64].
Nevertheless, numerous publications have highlighted concerns related to the quality
and safety of pet food [21,65]. In recent years, the most attention in scientific research on
commercial pet foods has been focused on the relatively new raw dog and cat foods in the
market (raw-meat-based diets, RMBDs). On the one hand, they have gained popularity
among pet caregivers seeking a more natural feeding option than conventional, processed
pet food. On the other hand, these products have raised significant concerns about their
microbiological quality and safety. These diets remain unprocessed, making them suscepti-
ble to pathogenic bacterial contamination, which can pose significant risks to pets’ health.
Numerous studies have reported the adverse consequences of feeding RMBDs to dogs,
including bacterial diseases, parasitic diseases, and nutrient imbalances [19,20,66–72].

The microbiological quality of canned dog foods is less frequently addressed in sci-
entific research. Canned pet foods undergo a heat treatment process to attain commercial
sterility, effectively removing heat-sensitive pathogens. Consequently, they are generally
considered to be safe and reliable products. On the other hand, pet food recalls have been
reported due to, e.g., contamination with mycotoxins [73]. In our prior investigation exam-
ining the microbiological quality of dry dog foods [74], molds, which may be responsible
for mycotoxin presence, were identified in nearly 20% of the tested dog foods. Notably,
the presence of mold was found to be correlated with the inclusion of cereals in the dog
food composition. The presence of mold was correlated with the presence of grains in
the composition of the dog food, since yeast and mold presence was more common in
grain-included dog foods (six out of seven positive results applied to grain foods, 86%).
In a study assessing the microbiological safety of dry and canned pet food marketed in
Lebanon, the results showed that a number of dry pet food samples had higher bacterial
contamination than canned samples [75]. However, the same study showed that canned
pet food products may also harbor food-borne pathogens such as Salmonella, Listeria, and
Enterobacteriaceae (in 26%, 54%, and 8% of canned tested samples, respectively). In turn,
in research assessing the microbiological quality of feed mixtures used in Poland in 2007–
2010 [76], the results showed that the highest level of Enterobacteriaceae contamination was
found in wet pet foods.
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Although measures taken during production, distribution, and usage significantly
influence the quality and safety of pet foods, the importance of consumer habits in maintain-
ing these aspects seems to be largely overlooked. Improper handling and storage practices
by pet caregivers can compromise the quality of dry and canned commercial pet foods,
thereby posing risks to both humans and animals. Such contaminated foods can adversely
affect the well-being and health of animals, necessitating careful preservation of their
sensory profile, nutritional value, and microbiological safety until consumption [74,77,78].
Canned pet foods undergo heat treatment to achieve commercial sterility by eliminating
heat-sensitive pathogens, ensuring that these products are free from pathogens when
opened. This fact was confirmed by our research, which indicated the good microbiological
quality of the cans in the microbiological analyses (Table 4). However, the presence of
pathogens after an additional 24 h of incubation simulating home storage conditions was
observed (Table 5). In our study, 24 h of incubation showed the presence of bacteria in
85% of the tested dog foods (Table 5). Interestingly, statistical analyses indicated that the
presence of a grain component in canned dog food does not have a confirmed associa-
tion with an elevated risk of microbiological contamination by Enterobacteriaceae, CPS,
Bacillus cereus, or Pseudomonas spp. Likewise, the analyses conducted do not permit the
conclusion that canned dog food designed for various age groups exhibits variations in
microbiological purity. The presence of Enterobacteriaceae, coagulase-positive staphylo-
cocci, Bacillus cereus, and Pseudomonas spp. were observed in few tested dog foods. The
contamination of Enterobacteriaceae can be associated with the presence of fecal or intesti-
nal content, suggesting inadequate hygiene practices at the slaughterhouse or improper
storage methods [79]. In this study, Enterobacteriaceae were found after 24 h of incubation
simulating home storage conditions in six samples of dog food (30%), although the presence
of Escherichia coli and Salmonella spp. was excluded.

Pseudomonas spp. are a group of aerobic, Gram-negative bacteria that are commonly
found in food-processing environments and are recognized as major food spoilage microor-
ganisms [80]. In our study, Pseudomonas spp. were isolated after 24 h of incubation from
five (25%) samples of canned dog food. To the best of the authors’ knowledge, this marks
the first instance of Pseudomonas bacteria being detected in pet food. The sample with the
highest bacterial diversity was the dog food sample 18_P_GF, from which Enterobacteriaceae,
CPS, and Pseudomonas spp. were isolated (Table 5). This discovery raises a considerable
concern, especially considering that this particular food is intended for puppies, a group
of dogs with immature immune systems. It is essential to highlight that puppy dog foods
do not adhere to higher microbial control standards. This lack of stringent standards in
microbial control for puppy food poses an increased risk, given the vulnerability of puppies
to potential health issues. Therefore, this emphasizes the need for heightened attention to
quality control measures and microbial safety in the production of dog food, particularly
that designed for puppies.

Bacillus cereus is a Gram-positive, spore-forming bacterium that is commonly asso-
ciated with food poisoning, posing a significant public health concern worldwide [81].
This organism has garnered attention due to its ability to produce toxins that can cause
gastrointestinal distress when ingested. These toxins are heat-stable, allowing them to
persist in contaminated food items even after cooking. Because of its abundance and the
resistance of its spores, B. cereus contaminates nearly all agricultural products and plays a
major role in the contamination and spoilage of food products [82,83]. In one of the more
recent studies, B. cereus contamination of home products packed in retort pouches and glass
jars prepared for sale in Malaysia was assessed [84]. It was found that the B. cereus count
of 20% of samples exceeded the acceptable limit (>1 × 104 CFU/g). In our study, B. cereus
was isolated from six (30%) samples of wet dog food after 24 h of incubation, two of which
were puppy foods, and four products contained cereals in their formulation (Table 5). This
represents the first case of B. cereus identification in pet food.

The 24 h incubation of food at 20 ◦C used in this work was designed to mimic the
conditions at home, where a can of dog food is often left open for several, if not dozens
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of hours. This duration of open-can storage is influenced by the can size and the size of
the dog, with larger cans and smaller dogs leading to longer storage times. Therefore, it is
crucial to recognize the importance of responsible storage practices to preserve the safety
and nutritional integrity of pet food. Caregivers should consistently adhere to the storage
recommendations provided by the manufacturer on the label. Once opened, canned wet
foods should be stored in the fridge and consumed by a dog within 24 h.

5. Conclusions

In summary, while all the tested foods met the minimum standards set by FEDIAF,
certain deviations were noted, including, for example, a reduced protein content and
increased ether extract content compared to the declared values on the labels. This is
especially unsafe in puppy foods and may lead to an improper energy balance in daily
dosages, leading to impaired growth and disease in the dog’s future. This emphasizes the
importance of the continued verification of the accuracy of the information provided on
dog food labels. Also, comparative analyses revealed that the affiliation of pet food to the
group described on the package (adult dog/puppy) is not binding, as demonstrated by the
similarity among dog foods that were completely label-separate.

Furthermore, our microbiological analysis indicated that canned dog foods were gen-
erally safe upon their initial opening. However, after an additional incubation period, the
presence of bacteria, including Enterobacteriaceae, coagulase-positive staphylococci, Bacillus
cereus, and Pseudomonas spp., was observed in the majority (85%) of the tested products.
Statistical analyses revealed that there was no confirmed association between the presence
of a grain component in the canned dog food and an increased risk of microbiological
contamination by Enterobacteriaceae, CPS, Bacillus cereus, or Pseudomonas spp. Similarly, the
conducted analyses do not allow for the determination that canned dog foods for different
age groups differ in microbiological purity. These findings contribute significantly to the
existing body of knowledge regarding the microbiological safety of canned pet food. By
identifying potential microbial risks and suggesting appropriate control measures, we can
ensure that canned pet food for dogs meets the highest standards of safety and quality.

Further research is warranted to comprehensively characterize and identify the mi-
croorganisms that may proliferate in canned food following prolonged exposure to ambient
conditions, as well as to assess their antibiotic resistance profiles. A deep understanding
of these dynamics is essential for ensuring the safety and nutritional quality of pet food,
underscoring the need for responsible storage practices. This study also adds to the knowl-
edge database regarding the potential contamination of pet food by microorganisms, as it
represents the first report on the contamination of wet dog food by Pseudomonas bacteria
and Bacillus cereus.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app14020760/s1, Table S1. Main ingredients of analyzed wet
dog foods.
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