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Abstract: In animal feeds and pet food, meat industry rendered by-products as a source of high-
quality protein are commonly used. Among all rendered protein sources, poultry carcasses and neck
meal are frequently used as ingredients in commercial pet foods due to their agreeable fatty acid and
amino acid profiles, and they have no impact on the palatability of the diet. Nonetheless, it is unclear
how poultry by-product meal affects companion animals regarding diet digestibility and fecal quality.
This study either aimed to provide information on poultry by-product meal, including coarsely,
finely, or very finely ground varieties, regarding their nutrient digestibility and characteristics of
feces in dogs. One type of animal by-product meal was used in the three aforementioned particle
sizes. Beagle dogs (n = 6; body weight, 16.6 kg ± 2.03) participated in a crossover experiment design.
Each trial consisted of a five day adaptation period to the diet, and five days of fecal samples were
collected and measured for individual apparent nutritional digestibility and fecal scores. The animal
by-product supplementation in the diet of dogs was well accepted, with an acceptable percentage of
apparent nutrient digestibility. Different particle sizes had no significant effect on the organic matter,
crude protein, and crude fat digestibility as well as the fecal fatty acid concentrations. In addition,
feces remained firm and well-formed and increased fecal dry matter. This indicates that poultry
by-products should be taken into account as a potential dietary protein source in dog food.

Keywords: dog; fatty acids; fecal score; nutrient utilization; particle size; poultry by-product;
poultry carcasses

1. Introduction

Dietary protein is an essential nutrient in canine nutrition [1]. Some parameters, such
as digestibility, dietary protein concentration, and composition of amino acids, influence
the efficiency of dietary protein utilization in dogs [2], and these characteristics can differ
significantly amongst protein sources.

Animal by-products often include optimal levels of amino acids and proteins. How-
ever, the nutritive value of these by-products varies greatly between sources, which might
be related to various factors, such as particle size, dietary inclusion levels, composition and
bioavailability, and processing [2]. In accordance with the Regulations of the European
Commission (EC) [3], the animal by-products that may be used as raw materials for pet
food also include products from poultry farming and fish processing companies. In the
European Union, by-products of the body weight (BW) of cattle, pigs, and chickens account
for 46%, 38%, and 32%, respectively, and should be processed suitably [4].

In the EU, around 18 million metric tons were reported yearly, including parts of
animals that we do not normally eat (category 3), such as fat trimmings, meat viscera,
blood, bones, feathers, hides, and skins, for instance. In addition, out-of-date food products,
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i.e., former foodstuffs no longer intended for human consumption that may contain ingredi-
ents of animal origin (e.g., raw milk, fish or other sea animals, shells of eggs), are used [5,6].
About four million metric tons of animal fats and proteins are produced from these residual
materials, with processed animal proteins accounting for approximately 2.5 million metric
tons [5]. Animal by-product meals have been (and continue to be) the essential ingredient
responsible for the growth and expansion of the global pet food industry since they provide
the majority of the protein included in the diets [7]. To move towards a future of sustainabil-
ity, this considerable amount of material must be handled using methods that are harmless,
environmentally responsible, and efficient in terms of the recovery of valuable resources [8].
Thus, animal by-products are produced during the rendering process, which includes heat
treatment to render products free of pathogenic microorganisms before subsequent use
in animal diets [9]. Moreover, it should also be addressed that using animal by-products
in the pet food industry encourages sustainable animal production, as it allows animal
protein to be recycled, thus reducing its environmental impact [10].

Although using animal by-product meal as a complete feed for pets is gaining interest,
the nutrient digestibility of diets based on this by-product should be considered. Many
factors affect diet digestibility [9,11]. Previous studies have reported that the particle size
of the raw materials affects nutrient digestibility in monogastric animals [12,13]. The coarse
grinding may reduce nutrient exposure to digestive enzymes regarding protein digestibil-
ity [13]. Moreover, the degree of grinding could affect the fecal quality in dogs [14]. It
is commonly known that grinding is a main concern during food processing [15]. Nev-
ertheless, little information is available about the impact of raw material particle size on
carcass by-products fed to domestic dogs as a complete diet. Thus, this study aimed to
evaluate and determine the effects of different particle sizes of animal by-product meals
in dog food for beagles on the parameters of apparent digestibility of nutrients as well as
fecal characteristics.

2. Materials and Methods

In accordance with German regulations, the experiments were performed. These
animal experiments were approved by the Ethics Committee for Care and Use of Laboratory
Animals of the Lower Saxony State Office for Consumer Protection and Food Safety Lower
Saxony (LAVES) (approval number: 33.12-42502-04-13/1209).

2.1. Study Design and Diet Production

Six healthy intact Beagle dogs (female) with a median age range of six to ten years
were obtained from the Institute for Animal Nutrition, University of Veterinary Medicine
Hannover, Foundation, Hannover, Germany. Additionally, the study of digestibility is car-
ried out at the Institute for Animal Nutrition, University of Veterinary Medicine Hannover.
The dogs’ body weight (BW) was 16.6 kg ± 2.03 at the beginning of the study, and the
median body condition score was 4.98 out of 9 over the entire experimental trial, according
to Laflamme [16], on a scale from one to nine (values of four or five being considered ideal).
A crossover experimental set-up was used. During the feces collection period, the dogs
were housed in individual adjacent kennels to enable feces collection. Each trial lasted a
total of ten days, beginning with the animal’s adaptation to the meal for five days, then
collecting feces for five days to measure individual apparent nutritional digestibility and
fecal characteristics.

In the current study, carcasses originating from broilers were obtained from the slaugh-
terhouse, which is located in Lower Saxony, Germany, and used as a complete feed. The
broiler carcasses also contained parts of the deep breast muscles and neck, as well as
wingtips, poultry fat, and the skull. The carcasses were prepared and milled in three
different degrees of grinding (coarse, fine, and very fine) at the Institute for Animal Nutri-
tion, University of Veterinary Medicine Hannover. Particularly in the case of the coarsely
comminuted carcasses, parts of the muscles as well as bone components were macroscopi-
cally recognizable, while the finely or very finely ground carcasses were distinctly more
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homogenous and macroscopically resembled a meatloaf. According to NRC guidelines [17],
the daily energy requirements of the animals (0.5 MJ ME BW0.75/d) based on the prediction
equations of maintenance energy requirements for adult dogs by metabolic weight were
used to calculate the amount of food to be fed. The dogs in all groups were fed once daily
with an amount of 170 g DM/day. The daily amount of food was provided at 08:00 h, the
offered amounts and leftovers were weighted, and the intake was recorded. At all times,
they had free access to water.

2.2. Chemical Analysis

The nutrient composition of the diets as well as fecal samples were determined using
protocols developed by the Association of German Agricultural Analytic and Research
Institutes e.V. (VDLUFA) [18]. The dry matter (DM), crude ash, crude protein, and ether
extract were determined as described by Abd El-Wahab et al. [19]. Briefly, to calculate
the DM content, the samples were dried for 12 h (103 ◦C) and weighed before and after.
To measure the crude ash content, the samples were dried and ground before and after
combustion for 6 h at 600 ◦C in the muffle furnace. To determine the total nitrogen content,
the DUMAS combustion method and the elemental analyzer Vario Max (CNS Elementar
Analysensysteme GmbH, Langenfeld, Germany) were also used, by heating the sample at
1000 ◦C in a crucible. The crude protein was calculated by multiplying the total nitrogen
content by a conversion factor of 6.25. The ether extract was analyzed according to the
Soxhlet method via acid digestion (with and without pre-hydrolysis of samples).

The method described in a previous study [20] was used to determine the calcium
and phosphorus concentrations. To determine the concentration of calcium, an atomic ab-
sorption spectrometer, the Unicam Solaar M Serie atomic absorption spectrometer (Thermo
Elemental Ltd., Cambridge, England), was used. While to measure the phosphorus con-
centration, a photometric characterization based on the vanadate-molybdate method was
analyzed by using a UV-Visible Recording Spectrophotometer UV 162 with a wavelength
of 356 nm (Schimadzu, Kyoto, Japan).

Ion-exchange chromatography, using the amino acid analyzer LC 3000 (Biotronik,
Maintal, Germany), was then used to assess the amino acid content as previously de-
scribed [19]. The National Research Council (NRC) [17] suggested that the ME content of
the diets be calculated based on their chemical composition.

2.3. Chemical Composition

Table 1 shows the chemical composition and particle size distribution of the diets. Due
to the different particle sizes of the poultry carcass by-product meal ingredient profiles, the
results of this study varied markedly. The DM content among the groups was similar (range:
397–407 g/kg fed). The contents of crude ash and crude protein, as well as calcium and
phosphorus, were higher in the coarsely ground carcass and neck diet (73.7, 443, 21.7, and
15.2 g/kg DM, respectively), whereas the level of ether extract was lower (485 g/kg DM)
when compared to other groups, while the finely ground poultry carcass by-product
diet showed a lower crude ash, crude protein, and phosphorus content (52.8, 367, and
9.87 g/kg DM, respectively) but a higher ether extract content (576 g/kg DM). While the
very finely ground diet had a higher crude ash, crude protein, and phosphorus content
when compared to the finely ground diet.

Regarding the particle size, three different degrees of grinding were analyzed (Table 1).
Raw material particle size distribution was independent between diets. The coarse com-
minution differed most markedly in the particle size >1.00 mm with 45.2%, whereas the fine
and very fine ground diets showed a fraction <0.2 mm with 82.3% and 86.1%, respectively.
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Table 1. Chemical composition and particle size distribution of the diets with different grinding
degrees of animal by-product meal.

Parameter Unit Coarse Fine Very Fine

Dry matter g/kg fed 407 402 397
Crude ash

g/kg DM

73.7 52.8 56.6
Crude protein 443 367 407
Ether extract 485 576 547

Calcium 21.7 13.0 12.5
Phosphorus 15.2 9.87 10.0
Particle size

%
>1.00 mm 45.2 8.83 6.56

0.20–1.00 mm 3.30 8.87 7.34
<0.20 mm 51.5 82.3 86.1

DM = dry matter.

The amino acid profile of the different particle sizes in the poultry carcass and neck
diet is presented in Table 2. Between the different degrees of grinding in the diet, there
was a slight variation in the amino acid content. Comparatively high levels of glutamine
(coarse: 67.6 g/kg DM, fine: 54.8 g/kg DM, and very fine: 62.1 g/kg DM) were evident,
while low levels of cysteine were observed (coarse: 2.90 g/kg DM, fine: 3.10 g/kg DM, and
very fine: 3.20 g/kg DM).

Table 2. Amino acid levels of the diets with different grinding degrees of animal by-product meal.

Amino Acid
Coarse Fine Very Fine

g/kg DM g/100 g CP g/kg DM g/100 g CP g/kg DM g/100 g CP

Asparagine 33.9 7.72 33.7 9.24 37.9 9.37
Threonine 17.6 4.02 15.2 4.15 18.0 4.46

Serine 17.2 3.93 14.5 3.96 16.1 3.99
Glutamine 67.6 15.4 54.8 15.0 62.1 15.4

Glycine 32.8 7.46 26.6 7.29 27.8 6.88
Alanine 28.2 6.43 23.5 6.44 26.2 6.48
Valine 20.0 4.55 17.8 4.87 20.5 5.09

Cysteine 2.90 0.67 3.10 0.84 3.20 0.80
Methionine 10.4 2.37 9.50 2.59 8.90 2.21
Isoleucine 19.5 4.43 17.0 4.65 19.5 4.84
Leucine 34.4 7.83 28.8 7.89 32.3 8.00
Tyrosine 13.5 3.08 10.9 3.00 12.7 3.14

Phenylalanine 17.5 4.00 15.3 4.18 16.9 4.19
Histidine 11.8 2.69 10.2 2.81 11.6 2.87

Lysine 34.5 7.85 28.8 7.89 32.9 8.15
Arginine 29.6 6.75 22.4 6.13 26.6 6.58
Proline 26.3 5.99 19.0 5.20 20.9 5.18

DM = dry matter. CP = crude protein.

2.4. Particle Size Analysis

The particle size analysis was determined using the method described by Wolf
et al. [21]. The sample, weighing about 30–40 g, was placed into a container with one
L of distilled water and mixed for 10 s. After 1 h of soaking, the suspension was then added
to a sieve tower consisting of eight analysis sieves (mesh sizes: 3.15, 2.0, 1.4, 1.0, 0.8, 0.56,
0.4, and 0.2 mm, respectively). Ten L of distilled water were used to rinse the sieve tower
and put overnight in the drying oven at 103 ◦C (model 600, Memmert GmbH & Co. KG,
Schwabach, Germany) until constant weight was achieved. According to Wolf et al. [21],
the individual sieves were then weighed, and a percentage of the total amount of weighed
DM was calculated.

2.5. Classify Food Acceptance and Apparent Digestibility

The spontaneous acceptance “food intake assessment” (palatability and speed of food
intake) was divided into three groups according to Zahn [22]. In summary, a score of 1
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indicates the lowest acceptance, a score of 2 indicates a moderate acceptance, and a score
of 3 indicates the highest acceptance. The apparent nutritional digestibility was assessed
using the entire fecal collection method, according to recommendations of the Association
of American Feed Control Officials (AAFCO) [23], which consisted of a five day diet
adaptation phase followed by a five day consecutive fecal collection period during which
feces were quantitatively collected between 08:00 h and 18:00 h. Fresh feces were collected
daily from the concrete floor during the collection period. To measure the DM content, 10%
fresh feces per animal/d was determined. Afterwards, the remaining fecal samples (around
90%) were then stored in a freezer at −20 ◦C for later analysis of the apparent digestibility.
At the end of the collection period, the five day fecal samples from each dog were thawed,
pooled, and homogenized. It was possible to determine the apparent digestibility (%) for
nutrients in the diets by multiplying ((food-feces)/food) by 100 [24].

2.6. Fecal Characteristics

During collection, a certain amount of feces was collected every day. The feces were
separately collected every 15 min. According to Moxham [25], the five-point scale based on
visual appearance is used to assess fecal consistency. The scoring scale runs from 1 to 5, with
1 being extremely firm with small, hard masses; 2 being solid, well-formed “optimum” and
consistent stools that do not adhere to the floor; 3 being soft, moist stools, and still-forming
feces that retain their shape; 4 being pasty, slushy feces that are unformed; and 5 being
watery diarrhea that can be poured. A graphic representation of fecal scores using a 5-point
scale has previously been demonstrated by Abd El-Wahab et al. [26]. To determine the dry
matter (DM) content, fecal samples were weighed and dried at 103 ◦C to a constant weight.

To determine the pH level of feces, the samples were mixed with distilled water
(1:5 ratio), shaken, left at room temperature for 1 min, and then measured with a pH
meter with an accuracy of 0.01, using InLab® Expert Pro (Mettler-Toledo International Inc.,
Columbus, OH, USA).

2.7. Short-Chain Fatty Acid (SCFA)

On the last day of the collection, new feces from each animal were collected to measure
the content of fatty acids according to a previous study [27]. To summarize, 1 g of feces was
added to safe-lock tubes (2 mL; Eppendorf AG, Hamburg, Germany) and rapidly mixed
with an internal standard (10 mL of formic acid at 89 percent and 0.1 mL of 4-methylvaleric
acid). The mixture was centrifuged using Megafuge 1.0 (Heraeus Deutschland GmbH &
Co. KG, Hanau, Germany) at 4000 rpm for 15 min, and the supernatant was collected.
The sample supernatant was analyzed for SCFA (acetic, propionic, iso-butyric, butyric,
iso-valeric, and valeric acids). Afterward, gas chromatography was analyzed by using the
Unicam Chromatography 610 Series (Kassel, Germany) at 155 ◦C (with injector at 175 ◦C
and detector at 180 ◦C); the detector type was flaming ionization; the flow rate was around
0.97 mL/min; and the carrier gas was nitrogen.

2.8. Statistical Analysis

The Statistical Analysis System (SAS® version 7.3) was used to determine the mean
values and the standard deviation (SD) for all parameters.

Both parametric and non-parametric methods were applied, depending on the dis-
tribution analysis of the data. To check the normality first, a Shapiro–Wilk test was used.
A Ryan-Einot-Gabriel-Welsch test was used to compare mean values among treatments on
the apparent fecal nutrient digestibility, fecal output, DM content, pH, particle size of the
feces, and the fecal fatty acid profile. The Kruskal–Wallis test was used for non-normally
distributed data, e.g., values in the form of a score. A p-value < 0.05 was considered
statistically significant.
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3. Results

The general condition of the dogs was healthy throughout the trial. Body weight and
body condition score did not differ between treatments and did not change throughout the
study. With regard to the assessment of food intake, high acceptance was observed, thus
achieving a high score (range: 3.00), and no significant differences between the diet groups
were found. In addition, no food refusals, vomiting, or diarrhea were observed during all
the trials.

3.1. Apparent Fecal Nutrient Digestibility

The results of the apparent nutrient digestibility of dogs fed the experimental diets are
presented in Table 3. No significant differences in the apparent digestibility of nutrients
(organic matter digestibility (range: 95.1–95.8%), crude protein (range: 92.8–95.1%), and
crude fat (range: 98.3–99.0%)) were observed when dogs were fed coarsely, finely, or very
finely ground diets.

Table 3. Apparent nutrient digestibility of selected parameters (in %) of dogs fed diets with various
grinding degrees of animal by-product meal (mean ± SD).

Parameter Coarse Fine Very Fine p-Value

Organic matter 95.7 ± 0.42 95.1 ± 0.85 95.8 ± 0.89 0.306
Crude protein 95.1 ± 0.57 92.8 ± 2.32 93.9 ± 1.73 0.207

Crude fat 98.3 ± 0.57 98.4 ± 0.80 99.0 ± 0.22 0.971
No significant differences were noted among treatments, so no superscripts were added.

3.2. Fecal Characteristics

The data on fecal quality are shown in Table 4. In this study, feeding the dogs with
grinding degrees did not affect output (range: 14.3–15.7 g DM/d), fecal score (range: 1.50–
1.70), or DM content (range: 40.9–43.4%). In addition, the fecal pH level was not different
among the groups (range: 6.64–6.83).

Food particle sizes from the different degrees of grinding of the animal by-product
meal did not affect the particle size of the feces (Table 4). After feeding the coarsely ground
carcass and neck diet, a high proportion of fraction >1 mm was observed (27.1%) compared
to the fine and very fine groups (20.8% and 14.5%, respectively). While a high proportion
of fraction 0.20–1.00 mm was observed in the feces of dogs fed finely ground by-product
meal (24.8%). However, in dogs fed the very finely ground diet, a high proportion of
fraction <0.2 mm was observed (65%) compared to the coarse and fine groups (55.0% and
54.4%, respectively).

Table 4. Fecal characteristics and fecal particle size of dogs fed the diets with various grinding degrees
of animal by-product meal (mean ± SD).

Parameters Coarse Fine Very Fine p-Value

Fecal output (g DM/d) 15.3 ± 1.95 15.7 ± 2.58 14.3 ± 2.08 0.080
Fecal score (1–5) 1.50 ± 0.37 1.70 ± 0.74 1.70 ± 0.72 0.599
DM content (%) 40.9 ± 5.32 41.9 ± 11.1 43.4 ± 11.0 0.878

pH value 6.80 ± 0.45 6.83 ± 0.65 6.64 ± 0.71 0.986
Particle size (%)

>1.00 mm 27.1 ± 11.9 20.8 ± 10.9 14.5 ± 4.61 0.084
0.20–1.00 mm 17.9 ± 4.68 24.8 ± 14.3 20.6 ± 12.3 0.065

<0.20 mm 55.0 ± 13.6 54.4 ± 19.9 65.0 ± 16.4 0.085
No significant differences were noted among treatments, so no superscripts were added. Fecal scores were
recorded using a five-point scale (1 = very hard; 2 = solid; well-formed “optimum”; 3 = soft and moist but
still-forming; 4 = pasty, unformed feces; and 5 = watery diarrhea).
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3.3. Short-Chain Fatty Acid in Feces

Table 5 shows the results of the fecal fatty acid concentrations. Dogs fed different
particle sizes of animal by-product meal did not affect the concentrations of acetic acid
(range: 61.6–64.8), propionic acid (range: 14.0–16.6), iso-butyric acid (range: 2.30–2.50),
n-butyric acid (range: 12.8–17.6), iso-valeric acid (range: 3.60–4.20), and n-valeric acid
(range: 0.10–0.30).

Table 5. Fecal fatty acid concentrations (mmol/kg fresh feces) of dogs fed diets with various degrees
of grinding of animal by-product meal (mean ± SD).

Parameter Coarse Fine Very Fine p-Value

Acetic acid 64.8 ± 7.46 61.6 ± 3.04 63.4 ± 10.3 0.535
Propionic acid 16.1 ± 8.41 14.0 ± 4.91 16.6 ± 7.73 0.774

iso-Butyric acid 2.40 ± 0.91 2.50 ± 0.44 2.30 ± 0.95 0.127
n-Butyric acid 12.8 ± 6.05 17.6 ± 5.85 13.4 ± 6.08 0.199
iso-Valeric acid 3.60 ± 1.04 4.10 ± 0.92 4.20 ± 1.77 0.135
n-Valeric acid 0.30 ± 0.24 0.10 ± 0.12 0.10 ± 0.07 0.344

No significant differences were noted among treatments, so no superscripts were added.

4. Discussion

A special focus was laid on possible structural effects on diet digestibility and fecal
characteristics by using differently intensively milled broiler carcasses. In general, during
grain processing, grinding is recognized as one of the main concerns [15]. In the current
study, the results indicated that the particle size of the poultry by-product meal included in
the dog diet did not influence the organic matter digestibility. To the best of our knowledge,
fewer studies in dogs have considered the particle size effect of poultry by-products on
nutrient digestibility.

It is well-known that high temperatures during the processing systems adversely
affect the digestibility of protein in animal by-product meal [28,29]. As reported by FEDIAF
(the European Pet Food Industry Federation) [30], the normal digestibility range should be
approximately 80%; an investigation of our results in dogs fed either coarse, fine, or very
fine diets showed a digestibility of protein within the range of 92.8–95.1%. Interestingly,
the particle size seemed to have no effect on the protein digestibility. A previous study by
Abd El-Wahab et al. [14] also reported that the particle size or degree of grinding of poultry
by-product inclusion in dog food had no effect on the apparent digestibility of crude protein
and crude fat. In the present work, when considering particle size, the ether extract was
lower in the coarse diet compared to the fine and very fine diets (485 g/kg DM vs. 576
and 547 g/kg DM, respectively). However, we found no difference in apparent crude fat
digestibility between treatments (range: 98.3–99.0%). The findings of this study agree with
the previous study [31], which described that when feeding the dogs diets containing a
high amount of fat (about 320 g/kg DM), the digestibility of fat reached approximately
99%. Nevertheless, our results indicated that the particle size of poultry by-product meal
in dog food had no negative effect on apparent nutrient digestibility.

This study provides the results of fecal characteristics in dogs fed diets with differ-
ent particle sizes of animal by-product meal. The influence of particle size on the fecal
characteristics was not apparent in the present study. Fewer studies have considered the
effect of varying degrees of grinding for poultry by-products (poultry carcass and neck) on
fecal quality in dogs. Fecal scores were closer to the optimal value (score 2) and remained
at acceptable levels, with a range of 1.50–1.70 for the poultry by-product meal diet. Our
results agree with those reported in a previous study [32], which found that fecal quality
was affected by the type and amount of the protein source. The dietary factors influencing
the fecal DM content are the digestion and absorption of protein [33]. Nevertheless, in this
study, the fecal consistency score was good in the group fed coarsely ground diets with a
higher crude protein content (+36–76 g/kg).
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The use of the concentration of short-chain fatty acids (SCFA) in feces to assess the
activity of the fermentation of the canine colonic microbiota has been practiced for many
years [34]. In addition, the canine microbiota have fermentation profiles and activities
that are almost identical to those of the transverse colon and the rectum [35]. However,
at the large intestine, the SCFA produced is quickly absorbed, up to 95% [36]. Thus, the
fecal analysis may not be the best response criterion that reflects the SCFA pattern of the
host animal. Our results showed that the fecal SCFA concentrations between different
groups did not vary. The distribution pattern of SCFA determined in this study basically
agrees with the results of previous studies [37,38]. Van der Steen et al. [37] reported that
a high content of protein in the diet related to an increased formation of valeric acid and
iso-butyric acid. While valeric acid can be produced at a low concentration and plays a
part in the process of fermentation of structural carbohydrates during the decomposition
of protein [37]. Nonetheless, including different particle sizes of poultry carcasses and neck
meal in the diet had no negative effects on the dogs’ SCFA production. Fermentation results
in the production of SCFA, which increases the osmotic pressure of the intraluminal fluid
and leads to increased fecal moisture, resulting in reduced fecal dry matter content [39].
With regard to diets based on poultry carcass meal, results are even more variable because
of the large variations in the product composition. Meals with low protein but high ash
contents lead to considerable losses of minerals, i.e., calcium, phosphorus, and magnesium,
via the feces, and, as a consequence, increase the fecal DM content [40].

5. Conclusions

For sustainable food, animal production is significantly enhanced by using pet-food-
grade animal by-products as feed components. In this present study, it is noted that the
use of poultry by-product meal in the dog diets was well accepted. Furthermore, when
dogs were fed diets containing coarsely or finely ground poultry carcasses and neck meals,
neither the digestibility nor the fecal characteristics were affected. Thus, it was possible to
use a poultry by-product meal of either coarse or fine particle sizes in dog diets. However,
further studies are still required to investigate the effect of full substitution of poultry
carcasses as a complete feed for companion animals in terms of nutritional balance.
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