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Abstract: The potential use of food residues for pet food could significantly contribute to food waste
reduction. In the present study, the effects of the inclusion of dried food residues (DFR) (0, 5, 10 and
15%) in a complete diet were evaluated in seven healthy adult cats. At the end of each three-week
feeding period, feces were collected. The analysis of the fecal microbiota by 16S rDNA sequencing
demonstrated a marked increase of the bacterial alpha-diversity with increasing dietary inclusion
levels of DFR. In addition, an increase in the relative abundance of Coriobacteriales, Collinsella and
Lachnoclostridum, as well as of propionate and n-valerate in the feces of the cats, was detected. The
dietary inclusion of DFR decreased the apparent crude protein digestibility and tended to decrease
the apparent crude fat digestibility. Overall, the DFR seemed to be highly fermentable in the intestine
of cats, which markedly affected the diversity of the fecal microbiota. As this effect might be critical
for a balanced gut microbiota, but also along with the observed depressing effects of DFR on the
apparent crude protein and crude fat digestibility, lower inclusion levels are recommended if used as
a potential ingredient for cat food in the future.

Keywords: cats; hotel catering; diet; microbiota; feces

1. Introduction

Human food residues were reused as a dietary component for farm animals for a
long time [1]. However, regardless of their nutritional value and the contribution to food
waste reduction by the recycling, concerns on the hygienic safety of food residues lastly
caused legal restrictions. In the European Union, for instance, catering waste is currently
prohibited as a feed component for livestock [2], but also for pet animals [3].

Nevertheless, there is a global need to reduce the food waste production [4]. The Euro-
pean Union is currently funding the project “Food for Feed (F4F)” (LIFE15 ENV/GR/000257),
which evaluates the recycling of hotel catering into animal nutrition. The project is aware
of the legal restrictions on the use of food residues, but aims to promote more research
in this field, which could potentially also contribute to policy changes in the future. As
a part of this project, we recently investigated the impact of the inclusion of dried food
residues (DFR) in a complete diet for dogs [5]. The results demonstrated a clear and
dose-dependent effect on the fecal microbiota of the animals and indicated that especially
fiber-rich ingredients of the DFR were microbially fermented. In addition, a decrease in the

Sustainability 2021, 13, 11603. https://doi.org/10.3390/su132111603 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-9258-6018
https://orcid.org/0000-0002-0783-4265
https://doi.org/10.3390/su132111603
https://doi.org/10.3390/su132111603
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su132111603
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su132111603?type=check_update&version=2


Sustainability 2021, 13, 11603 2 of 12

apparent crude protein and crude fat digestibility was observed with increasing amounts
of DFR in the diets [5].

Whether comparable effects of the dietary inclusion of food residues might also occur
in cats, however, cannot be directly concluded from the related study in dogs. Dogs
are considered to be more omnivorous, whereas cats are strictly carnivorous [6]. The
cat’s ability to digest starch is lower than that of dogs, whereas the protein requirement is
higher [7]. These dietary variations between dogs and cats might also affect the composition
of the intestinal microbiota in general, and it can be assumed that potential differences in
the gut microbiota might also result in divergent responses to dietary interventions.

It was therefore the aim of the present study to evaluate the effects of increasing
concentrations of DFR in a complete diet for cats, mainly focusing on the impact on
the composition and metabolic activity of the fecal microbiota, but also on the apparent
nutrient digestibility.

2. Materials and Methods

The study received approval by the Landesamt für Gesundheit und Soziales (LAGeSo)
in Berlin, Germany (approval number G 0233/18).

2.1. Diets

A complete basic diet was composed based on raw ground beef, rice flour, rapeseed oil,
cellulose and mineral and vitamin supplements (Table 1). Titanium dioxide was included
as an inert marker to determine the apparent nutrient digestibility. In order to improve
the feed acceptance, a supplement based on chicken liver (Fresshilfe, anibio, SPECHT
BIO-PHARMA, Reinbek, Germany) was added to the daily amount of feed of each cat
(1/2 teaspoon/cat/day).

Table 1. Composition of the experimental diets with or without dried food residues (DFR).

Ingredient (%) 0% DFR 5% DFR 10% DFR 15% DFR

Ground beef 81.0 78.9 76.5 75.1
Rice flour 12.4 10.52 8.51 5.59

Rapeseed oil 3.18 2.56 2.09 1.68
Cellulose 0.80 0.56 0.39 0.17

Vitamin and Mineral premix 0.44 0.45 0.46 0.48
Potassium hydrogen carbonate 0.20 0.14 0.08 -

Sodium chloride 0.30 0.17 0.08 -
Blood meal 0.51 0.60 0.70 0.80

Magnesium supplement 0.02 0.02 0.01 -
B Vitamin Supplement 0.07 0.08 0.10 0.08
Dicalcium phosphate 0.12 0.09 0.08 -

Calcium carbonate 0.58 0.56 0.50 0.50
Cod liver oil 0.18 0.19 0.20 0.20

DFR 1 - 4.96 10.1 15.2
Titanium dioxide 0.20 0.20 0.20 0.20

1 Composition of the DFR, per wet weight of the non-dried food residues [5]: fresh fruits (44.4%), cooked meals
and snacks (25.4%), fresh vegetables and salads (13.9%), bread and bakery (5.71%), meat and fish (4.90%), dairy
products (excluding milk) and eggs (0.79%), impurities (0.74%; manually removed before the further processing of
the food residues), sauces, herbs and spices (0.34%), desserts (0.22%), confectionary and snacks (0.09%), processed
fruits (0.03%), and others (3.48%).

Dried food residues were included in the basic diet at 0, 5, 10 and 15%. The food
residues were collected in hotel kitchen in Heraklion, Greece, as part of the project “Food
for Feed (F4F)”. The food residues were ground and solar dried, resulting in a final
particle size of less than 5 mm. A compositional analysis of the collected hotel catering
was performed based on the ASTM D5231-92 standard [8]. More details can be found
elsewhere [5]. A microbial analysis of the DFR regarding hygiene safety was performed
by the Laboratory of Microbiology of the Harokopio University in Athens by taking into
consideration the Scientific Opinion of the Panel on Biological Hazards [9], the European
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Feed Manufacturers’ Guide [10] and the Commission Regulation (EC) No 2073/2005 [11].
The presence of microorganisms was determined using plate count techniques on selective
substrates. The DFR have been found to be free of Salmonella spp., Listeria monocytogenes,
Escherichia coli/Total Coliforms, Staphylococcus aureus, Clostridium perfringens and yeasts.
The number of total mesophilic bacteria was <102 colony forming units (CFU)/g DFR.

The analyzed dry matter and nutrient concentrations of the experimental diets and
DFR are presented in Table 2. The analyses were performed as described previously [5,12].

Table 2. Analyzed dry matter and nutrient concentrations of the experimental diets.

0% DFR 1 5% DFR 10% DFR 15% DFR

g/100 g
Dry matter 42.0 43.2 44.6 45.3

g/100 g dry matter
Crude ash 5.07 5.02 5.23 5.15

Crude protein 41.8 41.8 41.5 42.3
Crude fat 24.8 25.0 25.5 26.4

Crude fiber 1.22 1.36 1.08 1.57
Calcium 0.67 0.66 0.61 0.65

Phosphorus 0.52 0.53 0.54 0.53
Potassium 0.93 0.88 0.92 0.92

Magnesium 0.12 0.12 0.12 0.13
Sodium 0.45 0.43 0.48 0.49

Titanium
dioxide 0.43 0.45 0.44 0.44

mg/100 g dry matter
Copper 1.02 1.15 1.21 1.18

Zinc 20.6 20.5 18.6 19.3
Iron 13.3 14.2 14.3 15.3

Manganese 1.75 1.77 1.63 1.71
1 Analysis of the dried food residues (DFR): dry matter 91.2 g/100 g; per 100 g dry matter: crude ash 5.97 g, crude
protein 25.9 g, crude fat 24.7 g, crude fiber 3.46 g, calcium 0.61 g, phosphorus 0.42 g, potassium 0.87 g, magnesium
0.09 g, sodium 0.82 g [5].

2.2. Animals and Study Design

Seven healthy adult cats (European Shorthair; 4 neutered males, 1 intact male, 2 intact
females; 72.9 ± 42.0 months old) received the experimental diets in ascending order of the
DFR inclusion level. The daily amount of feed was calculated according to the NRC [7]
and was weekly adjusted to maintain the body weight of the cats. The feed intake of the
animals was recorded daily, and the body weight weekly throughout the study.

Each feeding period consisted of 3 weeks. On the last four days of the feeding periods,
the cats were individually housed for urine and feces collection. Fasting blood was collected
at the end of each feeding period.

2.3. Calculation of the Apparent Nutrient Digestibility

The fecal crude protein, crude fat and titanium dioxide concentrations were analyzed
as described elsewhere [5,12]. The apparent nutrient digestibility was calculated using the
following formula:

Apparent nutrient digestibility (%) = 100 − [(% titanium dioxide in the diet/% titanium
dioxide in the feces) × (% nutrient in the feces/% nutrient in the diet) × 100].

2.4. Fecal Microbiota and Microbial Metabolites

The microbiota in the feces of the cats was analyzed by 16S rDNA sequencing, using
the llumina NextSeq500 sequencer (LGC, Berlin, Germany). DNA extraction from the
feces was performed with a commercial kit (QIAamp Fast DNA stool mini kit, QIAGEN
GmbH, Hilden, Germany). The instructions of the manufacturer were followed, with the
exception of a lysis step at 90 ◦C. For amplicon sequencing, the V3–V4 region of the 16S
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rDNA gene was targeted, and the 16S rDNA sequences were finally analyzed with the
QIIME2 pipeline [13] and the SILVA SSU database [14]. More details on the method used
are provided by Paßlack et al. [15]. The full data set of the sequencing is available at the
NCBI BioProject database under ID PRJNA755187.

The concentrations of microbial metabolites in the feces of the cats were measured
as described in detail by Paßlack et al. [16,17]. In short, short-chain fatty acid (SCFA)
concentrations were analyzed by gas chromatography (Model 19095 N-123, Agilent Tech-
nologies, CA, USA), lactate with high-performance liquid chromatography (HPLC Agilent
1100, Agilent Technologies, CA, USA), and ammonium colorimetrically (Tecan Sunrise™
microplate reader, Tecan Austria GmbH, Grödig, Austria) by the Berthelot reaction.

2.5. Plasma and Urine Analysis

After collection, the blood was stored at room temperature for 1 h before centrifu-
gation (10 min, 4 ◦C, 1811× g; Heraeus Megafuge 1.0R, Thermo Scientific, Karlsruhe,
Germany). The plasma was frozen at −20 ◦C until the further analyses. The indoxyl sulfate
concentrations were measured in the plasma using the method of Chen et al. [18] and high-
performance liquid chromatography (HPLC Agilent 1100, Agilent Technologies, CA, USA). The
phenol and indole concentrations in the plasma were also measured with the HPLC Agilent
1100 (Agilent Technologies, CA, USA), more details are provided by Paßlack et al. [15].
The urinary phenol and indole concentrations were determined by gas chromatography
(GC 6890 N, Agilent Technologies), as specified by Eisenhauer et al. [19]. The urine pH was
measured with a pH meter (Seven Multi pH meter, Mettler-Toledo GmbH, Schwerzenbach,
Switzerland), directly after the urine collection at 6.30 h and 12.30 h. The urinary anions
and cations were analyzed as described by Passlack and Zentek [12].

2.6. Statistical Data Analysis

The statistical data analysis was performed with IBM SPSS Statistics 27 (SPSS Inc,
Chicago, IL, USA; 2020). Data are presented as mean ± standard deviation. Polyno-
mial contrasts were calculated for group comparisons (General Linear Model repeated
measures, within-subject factor: DFR, number of levels: four), with α = 0.05 being
statistically significant.

For the sequencing data, values < 0.5% in all groups are only presented in the Tables
in the case of a significant group difference.

In addition, a principal component analysis was performed to visualize the sequencing
data. For this, the web tool ClustVis was used [20].

3. Results
3.1. Animal Health, Body Weight, Fecal Dry Matter, Feed Intake

The cats were healthy throughout the study, and the dietary inclusion of DFR did not
affect their body weight or fecal dry matter concentrations (Table 3). As one cat refused the
diet after the first feeding period, it was replaced by another cat with a comparable age.
Another cat refused the diet in the second, but not in the other feeding periods. The feed
intake of the cats that completed the study was not influenced by the inclusion of DFR in
the diets (Table 3).

3.2. Apparent Nutrient Digestibility

The apparent crude protein and crude fat digestibility was high in general (Table 3).
However, with increasing dietary concentrations of DFR, the apparent crude protein
digestibility decreased from 93.9 ± 2.06 to 90.0 ± 1.91% (linear contrast: P = 0.007). In
addition, a trend for a lower apparent crude fat digestibility with increasing dietary DFR
inclusion levels was observed (linear contrast: P = 0.062).
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Table 3. Feed intake, body weight, fecal dry matter, and apparent crude protein and crude fat digestibility of cats (n = 7) fed
a diet with varying amounts of dried food residues (DFR).

0% DFR 5% DFR 10% DFR 15% DFR
Polynomial Contrasts

(P Value)

Lin. Quadr.

Feed intake (g dry matter/kg body
weight/day) 10.1 ± 1.51 10.1 ± 1.27 9.60 ± 1.16 9.33 ± 1.25 0.169 0.661

Body weight (kg) 5.36 ± 1.14 5.79 ± 1.19 5.99 ± 1.08 5.95 ± 1.17 0.135 0.092
Fecal dry matter (%) 44.4 ± 11.5 41.0 ± 11.9 43.6 ± 6.80 41.3 ± 6.10 0.974 0.335

Apparent crude protein digestibility (%) 93.9 ± 2.06 92.8 ± 1.90 91.4 ± 1.57 90.0 ± 1.91 0.007 0.870
Apparent crude fat digestibility (%) 97.3 ± 2.23 97.4 ± 0.56 96.5 ± 1.90 96.0 ± 1.31 0.062 0.196

Lin.: Linear; Quadr.: Quadratic.

3.3. Fecal Microbiota

A marked increase in the microbiota´s diversity in the feces of the cats was noted with
increasing amounts of DFR in the diets (linear contrasts, P < 0.05) (Table 4). This effect was
also demonstrated by the principal component analysis, where the cats receiving no DFR
showed a tighter cluster formation of the fecal microbiota compared to the other groups,
especially to the group receiving 15% dietary DFR (Figure 1).

Table 4. Alpha diversity indices of the fecal microbiota of cats (n = 7) fed a diet with varying amounts
of dried food residues (DFR).

0% DFR
(n = 7)

5% DFR
(n = 6)

10% DFR
(n = 7)

15% DFR
(n = 7)

Polynomial Contrasts
(P Value)

Linear Quadratic

Richness 33.0 ± 6.38 36.5 ± 4.04 46.9 ± 5.58 51.4 ± 5.77 0.001 0.075
Shannon 1.46 ± 0.45 1.91 ± 0.21 2.17 ± 0.16 2.37 ± 0.14 0.011 0.297
Evenness 0.42 ± 0.12 0.53 ± 0.05 0.56 ± 0.03 0.60 ± 0.04 0.043 0.194
Simpson 0.33 ± 0.14 0.24 ± 0.05 0.18 ± 0.04 0.15 ± 0.04 0.043 0.310

Figure 1. Principal component analysis of the fecal microbiota of cats (n = 7) fed a diet without or
with 5, 10 and 15% dried food residues (DFR). The prediction ellipses show a 95% probability for
new observations to fall inside these ellipses.
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While only quadratic effects of the dietary DFR inclusion were detected on the phylum
level (Table 5), a linear increase in the relative abundance of the order Coriobacteriales
(Table 6) and the genera Collinsella, Lachnoclostridium, Libanicoccus and Romboutsia (Table 7)
was observed with increasing dietary concentrations of DFR (linear contrasts, P < 0.05).

Table 5. Relative abundance (%) of dominant bacterial phyla in the feces of cats (n = 7) fed a diet with varying amounts of
dried food residues (DFR).

0% DFR n 1 5% DFR n 10% DFR n 15% DFR n
Polynomial contrasts

(P value)
Linear Quadratic

Actinobacteria 42.3 ± 33.7 (7) 42.7 ± 31.8 (6) 52.8 ± 14.6 (7) 37.4 ± 8.19 (7) 0.674 0.008
Bacteroidetes 8.42 ± 16.3 (5) 8.42 ± 17.3 (6) 2.76 ± 2.03 (7) 9.07 ± 5.04 (7) 0.786 0.379
Firmicutes 51.5 ± 32.0 (7) 48.6 ± 28.8 (6) 44.3 ± 15.5 (7) 53.2 ± 7.36 (7) 0.686 0.031

Fusobacteria 0.08 ± 0.04 (3) 0.54 ± 0.45 (3) (0) 0.34 ± 0.57 (4) * *
1 Number of positive samples; * Polynomial contrasts could not be calculated.

Table 6. Relative abundance (%) of dominant bacterial orders in the feces of cats (n = 7) fed a diet with varying amounts of
dried food residues (DFR).

0% DFR n 1 5% DFR n 10% DFR n 15% DFR n
Polynomial

Contrasts (P Value)

Lin. Quadr.

Bacteroidales 8.41 ± 16.3 (5) 8.41 ± 17.3 (6) 2.76 ± 2.03 (7) 9.07 ± 5.04 (7) 0.786 0.380
Bifidobacteriales 32.0 ± 31.4 (5) 27.6 ± 25.0 (5) 21.9 ± 17.4 (7) 2.37 ± 3.29 (7) 0.231 0.064

Clostridiales 43.8 ± 27.7 (7) 44.9 ± 30.4 (6) 39.5 ± 16.5 (7) 42.1 ± 10.3 (7) 0.404 0.688
Coriobacteriales 19.4 ± 19.8 (7) 19.6 ± 11.5 (6) 30.9 ± 7.77 (7) 35.0 ± 7.92 (7) <0.001 0.113

Erysipelotrichales 3.22 ± 2.38 (7) 1.72 ± 1.17 (6) 2.93 ± 1.66 (7) 5.54 ± 3.59 (7) 0.051 0.013
Fusobacteriales 0.08 ± 0.04 (3) 0.54 ± 0.45 (3) (0) 0.34 ± 0.57 (4) * *
Lactobacillales 6.87 ± 13.1 (4) 1.04 (1) 0.03 (2) 0.55 ± 1.02 (4) * *

Selenomonadales 0.56 ± 0.72 (5) 1.80 ± 2.50 (6) 2.23 ± 1.55 (6) 5.25 ± 6.54 (7) 0.493 0.809
Unknown
Firmicutes 0.73 (2) (0) (0) 0.05 (2) * *

1 Number of positive samples; * Polynomial contrasts could not be calculated; Lin.: Linear; Quadr.: Quadratic.

Table 7. Relative abundance (%) of dominant bacterial genera in the feces of cats (n = 7) fed a diet with varying amounts of
dried food residues (DFR).

0% DFR n 1 5% DFR n 10% DFR n 15% DFR n
Polynomial

Contrasts (P Value)

Lin. Quadr.

Alloprevotella 0.74 ± 0.89 (4) 1.47 ± 2.51 (5) 0.15 ± 0.08 (6) 3.31 ± 4.79 (5) 0.538 0.467
Bacteroides 0.47 ± 0.46 (5) 0.58 ± 0.55 (6) 0.40 ± 0.21 (7) 0.73 ± 0.58 (7) 0.830 0.748

Bifidobacterium 32.0 ± 31.3 (5) 27.5 ± 24.9 (5) 21.8 ± 17.4 (7) 2.35 ± 3.27 (7) 0.230 0.064
Blautia 24.8 ± 20.4 (7) 20.8 ± 15.2 (6) 17.0 ± 7.61 (7) 16.4 ± 2.27 (7) 0.361 0.615

Clostridium
sensu stricto 1 6.89 ± 11.6 (7) 4.54 ± 6.81 (6) 1.73 ± 2.44 (3) 0.05 ± 0.03 (3) 0.298 0.386

Collinsella 11.0 ± 10.8 (7) 13.8 ± 8.62 (6) 23.9 ± 5.82 (7) 28.7 ± 8.70 (7) 0.003 0.799
Faecalibacterium (0) 0.64 (1) 0.17 ± 0.16 (6) 0.12 ± 0.14 (6) * *
Fusobacterium 0.08 ± 0.04 (3) 0.50 ± 0.42 (3) 0.34 ± 0.57 (4) * *
Holdemanella 1.18 ± 1.70 (4) 0.79 ± 1.04 (5) 1.00 ± 0.90 (7) 1.84 ± 1.39 (6) 0.175 0.348

Lachnoclostridium 1.68 ± 1.17 (7) 4.46 ± 3.38 (6) 3.68 ± 1.54 (7) 4.95 ± 1.87 (7) 0.027 0.234
Lachnospira (0) 0.67 (2) 1.19 ± 1.16 (3) 0.34 ± 0.28 (3) * *

Lachnospiraceae
NK4A136 group 0.12 ± 0.07 (5) 0.56 ± 0.75 (4) 0.22 ± 0.17 (7) 0.17 ± 0.09 (7) 0.149 0.401

Lactobacillus (0) 1.03 (1) 0.02 (1) 0.01 (2) * *
Libanicoccus 0.12 ± 0.08 (5) 0.16 ± 0.14 (5) 0.46 ± 0.19 (7) 0.50 ± 0.15 (7) 0.003 0.945
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Table 7. Cont.

0% DFR n 1 5% DFR n 10% DFR n 15% DFR n
Polynomial

Contrasts (P Value)

Lin. Quadr.

Marvinbryantia 0.64 ± 0.14 (4) 1.37 ± 0.70 (3) 0.58 ± 0.33 (5) 0.39 ± 0.21 (7) 0.131 0.035
Megamonas 0.11 ± 0.14 (4) 1.11 ± 1.61 (4) 0.22 ± 0.30 (5) 0.30 ± 0.39 (5) 0.881 0.520
Megasphaera 0.26 ± 0.33 (4) 1.67 ± 2.52 (3) 1.60 ± 1.10 (6) 6.39 ± 6.88 (5) * *

Olsenella 14.1 ± 27.3 (4) 10.7 ± 14.0 (3) 6.77 ± 4.59 (6) 4.62 ± 5.49 (7) 0.914 0.480
Paeniclostridium 0.71 ± 0.54 (6) 0.27 ± 0.13 (3) (0) (0) * *
Peptoclostridium 3.54 ± 1.85 (7) 4.76 ± 4.27 (6) 3.65 ± 2.94 (7) 5.01 ± 2.65 (7) 0.588 0.812

Prevotella 9 12.1 ± 19.3 (3) 6.50 ± 14.6 (6) 2.08 ± 1.75 (7) 5.68 ± 3.82 (7) 0.653 0.331
Romboutsia 0.21 ± 0.12 (4) 0.53 ± 0.72 (4) 0.22 ± 0.16 (5) 0.41 ± 0.23 (4) 0.027 0.396
Sellimonas 0.50 ± 0.42 (6) 0.77 ± 0.69 (4) 0.69 ± 0.54 (7) 0.42 ± 0.43 (6) 0.834 0.540

Solobacterium 2.28 ± 2.46 (7) 0.98 ± 0.77 (5) 1.68 ± 1.73 (7) 3.57 ± 2.67 (7) 0.384 0.164
Streptococcus 6.62 ± 12.6 (4) (0) 0.04 (1) 1.06 (2) * *

Subdoligranulum 0.07 (2) 2.50 ± 3.78 (3) 4.01 ± 7.57 (7) 3.77 ± 6.54 (7) * *
Unknown

Clostridiales
Family XIII

0.52 ± 0.39 (6) 0.35 ± 0.24 (6) 0.48 ± 0.59 (7) 0.98 ± 1.17 (7) 0.905 0.540

Unknown
Lachnospiraceae 3.74 ± 2.26 (7) 4.98 ± 3.04 (6) 6.00 ± 2.06 (7) 7.03 ± 1.76 (7) 0.069 0.865

1 Number of positive samples; * Polynomial contrasts could not be calculated; Lin.: Linear; Quadr.: Quadratic.

3.4. Fecal Microbial Metabolites

The ammonium and lactate concentrations in the feces of the cats were not affected by
the dietary inclusion of DFR; however, the concentrations of propionic and n-valeric acid
markedly increased with increasing amounts of DFR in the diets (linear contrasts, P < 0.05)
(Table 8). When calculated as % of total SCFA, propionic acid increased and n-butyric acid
decreased with increasing dietary inclusion levels of DFR (linear contrasts, P < 0.05).

Table 8. Concentrations of bacterial metabolites in the feces of cats (n = 7) fed a diet with varying amounts of dried food
residues (DFR).

0% DFR 5% DFR 10% DFR 15% DFR
Polynomial Contrasts

(P Value)

Linear Quadratic

µmol/g
Ammonium 25.0 ± 6.17 21.4 ± 4.43 20.7 ± 6.96 23.4 ± 7.66 0.147 0.491

L-lactate 0.04 ± 0.07 0.15 ± 0.27 0.00 ± 0.00 0.00 ± 0.00 0.130 0.338
D-lactate 0.08 ± 0.11 0.30 ± 0.49 0.02 ± 0.03 0.05 ± 0.09 0.201 0.340

Acetic acid 69.4 ± 42.1 61.2 ± 15.2 67.4 ± 31.2 93.8 ± 49.0 0.188 0.253
Propionic acid 27.9 ± 15.5 29.8 ± 6.40 33.3 ± 11.8 45.8 ± 19.8 0.025 0.485
i-butyric acid 3.62 ± 1.14 3.22 ± 0.74 3.87 ± 0.96 4.72 ± 1.95 0.099 0.245
n-butyric acid 15.6 ± 7.78 13.5 ± 5.97 14.7 ± 3.86 15.2 ± 7.52 0.225 0.808
i-valeric acid 4.41 ± 1.31 3.57 ± 1.38 4.68 ± 1.21 5.19 ± 2.36 0.416 0.273
n-valeric acid 6.42 ± 3.13 5.68 ± 4.46 8.29 ± 2.73 9.19 ± 4.54 0.016 0.709

Total SCFA 127 ± 66.0 117 ± 22.8 127 ± 57.8 174 ± 81.8 0.089 0.215
% SCFA

Acetic acid 51.0 ± 9.28 52.1 ± 6.86 49.6 ± 4.72 52.9 ± 4.71 0.673 0.592
Propionic acid 21.4 ± 2.20 25.6 ± 3.32 25.3 ± 2.62 26.7 ± 2.35 0.003 0.158
i-butyric acid 3.44 ± 1.45 2.82 ± 0.79 3.08 ± 0.53 2.83 ± 0.62 0.325 0.463
n-butyric acid 13.8 ± 4.77 11.5 ± 3.88 11.6 ± 1.74 9.05 ± 2.25 0.032 0.883
i-valeric acid 4.58 ± 2.69 3.16 ± 1.38 3.77 ± 1.01 3.13 ± 0.88 0.243 0.571
n-valeric acid 5.77 ± 2.86 4.86 ± 3.48 6.60 ± 1.81 5.44 ± 1.40 0.401 0.685

Lin.: Linear; Quadr.: Quadratic; SCFA: Short-chain fatty acids.



Sustainability 2021, 13, 11603 8 of 12

3.5. Urine pH and Composition, Phenols and Indoles in the Urine and Plasma

The urine pH of the cats decreased with increasing dietary concentrations of DFR
(Table 9). No significant effects of the diets on the urinary anion and cation concentrations
were observed, however, there was a trend (P = 0.092) for increasing phosphate concentra-
tions in the urine with increasing dietary inclusion levels of DFR (Supplementary Table S1).
The p-cresol concentrations markedly increased in the urine, when the DFR were included
in the diets (linear contrast, P = 0.008), whereas a slight, but significant decrease of urinary
7-methylphenol was noted (linear contrast, P = 0.007) (Table 9).

Table 9. Phenol and indole concentrations 1 in the urine of cats (n = 7) fed a diet with varying amounts of dried food
residues (DFR).

0% DFR 5% DFR 10% DFR 15% DFR
Polynomial Contrasts (P Value)

Lin. Quadr.

pH 8.20 ± 0.22 7.94 ± 0.35 7.81 ± 0.30 7.67 ± 0.28 0.002 0.586
µg/mL

Phenol 0.14 ± 0.07 0.28 ± 0.16 0.17 ± 0.06 0.27 ± 0.18 0.386 0.452
4-ethylphenol 0.01 ± 0.01 0.01 ± 0.02 0.01 ± 0.02 0.05 ± 0.06 0.224 0.162

3-methylphenol 0.10 ± 0.02 0.08 ± 0.03 0.10 ± 0.03 0.12 ± 0.10 0.447 0.884
7-methylphenol 0.08 ± 0.04 0.03 ± 0.03 0.02 ± 0.01 0.01 ± 0.02 0.007 0.037

p-cresol 0.53 ± 0.47 0.62 ± 0.24 1.20 ± 0.35 1.78 ± 0.70 0.008 0.848
Indole 0.21 ± 0.48 0.08 ± 0.07 0.15 ± 0.10 0.19 ± 0.08 0.768 0.381

Indoxyl sulfate 2.43 ± 0.63 1.63 ± 1.17 2.02 ± 0.88 2.26 ± 1.17 0.315 0.069
1 2-methylphenol, 2,3-dimethylphenol: most values were below the detection limit; Lin: Linear; Quadr.: Quadratic.

The analysis of phenols and indoles in the plasma of the cats could only detect a
quadratic effect of the DFR on the indoxyl sulfate concentrations, with the lowest concen-
trations, when the DFR were included in the diet at 5% (P = 0.037) (Table 10).

Table 10. Phenol and indole concentrations 1 in the plasma of cats (n = 7) fed a diet with varying amounts of dried food
residues (DFR).

0% DFR 5% DFR 10% DFR 15% DFR
Polynomial Contrasts

(P Value)

Lin. Quadr.

µg/mL
p-cresol 0.52 ± 0.51 0.67 ± 0.92 0.57 ± 0.39 0.75 ± 0.45 0.373 0.945
Phenol 0.59 ± 0.17 0.53 ± 0.01 0.53 ± 0.01 0.56 ± 0.02 0.570 0.292

mg/mL
Indoxyl sulfate 3.01 ± 1.04 1.56 ± 1.31 2.82 ± 1.66 3.03 ± 1.07 0.033 0.037

1 indole, 3-methylindole: all values were below the detection limit.

4. Discussion

In the present study, DFR, derived from hotel catering, were evaluated as a dietary
ingredient for cats. The results demonstrated that the diversity of the fecal microbiota
markedly increased with higher amounts of DFR in the diet. Along with an increase in
the relative abundance of some bacterial orders and genera, as well as of propionate and
n-valerate in the feces, an intensive microbial fermentation of the DFR in the intestine of
the cats can be assumed.

The richness of the fecal microbiota markedly increased when treatments without
and with 15% DFR were compared. In general, a decreased microbial diversity has been
observed in cats with chronic enteropathy [21], chronic kidney disease [22] or diabetes
mellitus [23], indicating potential negative effects on the intestinal microbiota of different
diseases (or vice versa). Based on these results, it can be speculated that a decreased
diversity of the gut microbiota might be critical in cats. On the other hand, a marked
increase in the bacterial diversity as observed in the present study by the dietary inclusion
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of DFR could also be considered as a potentially undesired effect. As a stable and balanced
intestinal microbiota is important for gut health in cats [24], major shifts in the bacterial
community in the intestine could be harmful. Nevertheless, it should also be mentioned
that the cats of the present study were healthy throughout the experimental period, and no
negative impact of increasing dietary DFR inclusion levels could be detected on the fecal
consistency as an indicator of intestinal function.

In particular, the relative abundance of Coriobacteriales, Collinsella and Lachnoclostridium
was increased by the dietary inclusion of DFR. These bacterial groups can mainly metabo-
lize different types of carbohydrates [25–27]. The results of the present study correspond
with the data obtained when feeding DFR from the same batch to dogs, where carbohydrate
fermenting bacteria were also promoted by the dietary inclusion of DFR [5]. It should be
mentioned, however, that the composition of the DFR used in the present study cannot be
postulated for food residues in general. Instead, the ingredients of food residues might vary
depending on the collection procedure. Variations in the nutritional composition of food
residues might also lead to varying responses of the intestinal microbiota. Nevertheless,
the present results provide valuable insights into the use of DFR as an ingredient for a
complete diet for cats. Given the marked effects on the fecal microbiota at higher dietary
inclusion levels, which could also be detrimental for a balanced gut microbiota, lower
amounts of DFR in a diet might be preferable if used as a potential ingredient in the future.

The apparent crude protein digestibility decreased with the increasing amounts of
DFR in the diets. In addition, a trend for a decreased apparent crude fat digestibility was
observed. The results confirm the data obtained in dogs when feeding DFR of the same
composition [5]. The underlying mechanism of these depressing effects on the nutrient
digestion, however, cannot be clarified at this stage. High dietary fiber concentrations, as
well as different fiber fractions, can negatively affect the apparent nutrient digestibility in
cats [28,29]. Although the dietary fiber fractions were not specified in the present study,
the crude fiber concentrations were comparable between the experimental diets and were
relatively low in general. It can therefore be assumed that fiber-rich ingredients of the
DFR might not have been the main reason for the observed depressing effects on the
apparent crude protein and crude fat digestibility. However, as was hypothesized also in
our previous work [5], the heat treatment of the DFR could have potentially affected the
nutrient digestibility. This might relate to the heating in the hotel kitchen, as about 25%
of the food residues were cooked meals and snacks, and the solar drying of the collected
leftovers. It should also be considered that the food residues used for the present study
were not sterilized, but for the potential future use as a component for pet food, this
might be a prerequisite to ensure the hygienic quality of this material. Steam-sterilizing
temperatures might additionally affect the nutrient digestibility of DFR included in diets,
which should be further investigated in future studies.

Interestingly, the urine pH of the cats decreased with increasing dietary inclusion levels
of DFR. The dietary nutrient composition, which significantly affects the urine pH [30], was
comparable for all treatments, and no significant effect of the diets on the anion and cation
concentrations in the urine of the animals could be observed. However, there was a trend
for increasing urinary phosphate concentrations at higher amounts of DFR in the diets,
which could have affected the urine pH of the cats. In addition, it can be speculated that the
increasing p-cresol concentrations in the urine might also have contributed to the decrease
in the urine pH. P-cresol is a metabolite of bacterial protein fermentation and considered
to be potentially harmful, e.g., for the integrity of the intestinal epithelial barrier or by a
suppression of the immune function [31]. As the apparent protein digestibility decreased
with increasing dietary DFR in the present study, it can be hypothesized that the undigested
protein was partly microbially fermented, resulting in an increased p-cresol concentration
in the urine of the cats. It should, however, be noted that neither the fecal ammonium
concentrations, as another important metabolite of microbial protein fermentation [32],
nor the plasma p-cresol concentrations were increased by the DFR in the diets, which
is why an extensive bacterial protein degradation in the intestine of the cats might be
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excluded. Nevertheless, the results indicate that not only carbohydrates, but also protein
was microbially fermented when DFR were included in the diet.

As a limitation of the present study, the diets were fed in ascending order of their
amount of DFR, and not as a cross-over design. This study design was used to early detect
potential adverse reactions to the DFR, i.e., at the lowest inclusion level. Although we
considered sufficiently long feeding periods to detect diet-related effects on the intestinal
microbiota and apparent nutrient digestibility, a potential influence of the preceding on the
subsequent feeding period cannot be fully excluded and should therefore be considered
for data interpretation.

The diets of the present study were based on raw ground beef and only mixed with a
small amount of rice flour and additional mineral and vitamin supplements. Despite the
raw and not heat-treated meat, the diet composition can be considered to be comparable to
a standard canned diet for cats. In contrast, dry extruded diets for cats often contain higher
amount of cereals or other starch-rich ingredients, which usually also results in a lower
protein and fat content. As the diet format can affect the composition of the fecal microbiota
in cats [33], the results of the present study might not be fully transferable to pet food in
general. However, they can provide an important basis for the potential commercial use of
DFR as a dietary ingredient for cats.

Overall, the present study demonstrates that food residues could not only be used as
a dietary component for dogs, as recently evaluated [5], but also for cats. Considering the
demonstrated limitations of dietary DFR, particularly the effects on the apparent nutrient
digestibility and the intestinal microbiota of cats, but also of dogs [5], lower inclusion
levels (≤5%) are recommended. Given the large amounts of pet food produced per year,
e.g., 29.33 million tons in the year 2020 [34], even a small inclusion level of DFR in a diet
for cats and dogs could significantly help to reduce the environmental footprint of the pet
food industry in the future.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/su132111603/s1, Table S1: Concentrations of anions and cations in the urine of cats (n = 7)
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