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Abstract: The co-product malt extract has prebiotic constituents, such as sugar and beta-glucans.
Therefore, the aim of this study was to evaluate how the malt extract inclusion in healthy dogs’
diet effects digestibility, fecal microbiota, fermentative metabolites, and immunity. Twelve healthy
two-year-old dogs were used, randomly divided into two groups according to food consumed:
control treatment (CT), without the addition of malt extract, and malt treatment (MT), with 1.0%
malt extract inclusion (natural matter) during two experimental periods. The results obtained were
analyzed by the computer software Statistical Analysis System (SAS, version 9.4). Values of p < 0.05
were considered significant. No differences were observed in the apparent digestibility of nutri-
ents and fermentation metabolites. However, a reduction was observed for metabolizable energy
(p = 0.0004) in the malt diet. The predominant phylum for both treatments was Firmicutes (p < 0.0001),
the mean of which was higher in MT dogs. The bacterial groups belonging to the cluster Clostridium
XIVa and genus Faecalibacterium, which are responsible for producing short-chain fatty acids, were
higher after MT consumption (p < 0.0001). On the other hand, MT dogs presented a reduction in
the genus Bifidobacterium (p < 0.0001), which is responsible for producing lactic acid. There was also
an increase in lymphocyte proliferation index (p = 0.0071) and rate (p = 0.0025) and in CD4+:CD8+

lymphocyte ratio (p = 0.0098) after MT consumption. Thus, the inclusion of 1.0% of malt extract in
the diet had a prebiotic effect in healthy adult dogs.

Keywords: barley; canine; digestibility; fermentation metabolites; immunity; microbiome

1. Introduction

Malt extract is obtained by mashing malted grains and consists of the soluble part
extracted during this process [1], which includes amino acids and carbohydrates [2–4]. This
ingredient can be used as an additive in the manufacturing of bread, cookies, pasta, teas,
and malted drinks for human beings [2,5]. It may have compounds that confer palatable
characteristics and prebiotic potential [6–9].

Beta-glucans are classified as prebiotics that, within the large intestine, act as a substrate
for the growth and activity of certain microorganisms that promote beneficial effects on the
host’s health [10]. Beta-glucans are polymers that constitute 75% of the barley endosperm cell
wall [11–14]. Generally, barley grains contain between 2 and 11% of beta-glucans [15].

It was observed that the concentration of beta-glucans present in the malt grain is lower
than barley grain but more soluble and with lower molecular weight [16]. The average
concentration of beta-glucans in malt grains can vary from 0.1% to 1.4% of the total composition
on a dry matter basis, similar to that found in malt extract [16–18].
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Most studies that evaluated the supplementation of beta-glucans to dogs used those
from fungi and yeasts, which have beta-glycosidic bonds (1→3) and (1→6), different from
those present in cereal beta-glucans, such as barley, (1→4) and (1→3) [14]. Therefore, it is
interesting to assess whether cereal beta-glucans present different activity in the organism
or whether it is similar to fungi and yeasts.

Some sugars present in malt extract, such as maltotriose and maltotetraose, can act as
a substrate for fermentation in the large intestine of some mammalian species, such as dogs,
and may contribute to the increase in beneficial bacterial groups [19,20]. It has already been
observed that maltotriose, maltotetraose and maltose may be the most abundant sugars in
the wort used for malt extract production [21].

Ingredients with prebiotic capacity also can stimulate the immune system [22]. The
functionality of these ingredients is related to their fermentation by microorganisms in the
large intestine and the consequent production of SCLFA. After absorption, these metabo-
lites can act by stimulating the immune system to produce macrophages, neutrophils,
and lymphocytes, which promotes resistance to pathogenic Gram-negative bacteria [23].
Lymphocytes are divided into three groups: T, B, and natural killer cells [24]. T cells can
play different roles in the immune response. For example: CD4+, or helper T cells, assist
in the immune response performed by other T and B cells, in addition to producing pro-
and anti-inflammatory cytokines, while CD8+ or cytotoxic T cells play the role of inducing
apoptosis in infected cells by pathogens [25]. For T cells to play their role, proliferation is
an important factor, as it allows the differentiation and homeostasis of this group [24].

Studies that evaluated the application of malt extract in dog food were not found.
Based on this aspect and the increasing demand for co-products with nutraceutical charac-
teristics, studies involving possible new additives in the dogs’ nutrition and other species
have become of interest. Therefore, this study aimed to evaluate the effects of providing
malt extract on apparent digestibility, fecal score, fecal microbiota, fermentation metabolites,
fecal pH, and immunity in health dogs.

2. Materials and Methods

All experimental procedures were approved by the Ethics Committee on the Use of
Animals (CEUA) of the Faculty of Veterinary Medicine and Animal Science of the University
of São Paulo (FMVZ-USP), under protocol number 5499160221.

2.1. Location, Facilities, and Animals

This study was carried out at the Pet Nutrology Research Center (CEPEN Pet), of
the Department of Nutrition and Animal Production, Faculty of Veterinary Medicine and
Animal Science of University of Sao Paulo (VNP/FMVZ/USP).

Twelve dogs (six beagles and six English cocker spaniels, three males and three females
of each breed) with a mean body weight (BW) of 13.45± 1.76 kg that were healthy, neutered,
and with a mean age of two years were used. All dogs had an ideal body condition score
(BCS; 5.25 ± 0.44) according to the 9-point scale from Laflamme [26] and an ideal muscle
mass score (3) according to the 4-point scale proposed by Michel et al. [27].

The animals had their health previously evaluated by physical examination, blood
count, and biochemical profile tests (urea, creatinine, alanine aminotransferase, alkaline
phosphatase, cholesterol, triglycerides, and glucose). All animals that had the test results
within the reference range for the species and age group were considered healthy.

The selected dogs were divided randomly in two experimental groups (n = 6 per group).
They were housed in kennels with 3.42 m2 of its area covered and with a solarium of 7.21 m2, a
concrete floor, and tile walls, and they were grouped according to social affinity (three animals
per kennel) and had access to water ad libitum. To promote animal welfare, they were released
for socialization and physical activity in grassy parks with an area of 400 m2/park, twice a day,
except during the period of sample collection, in which the animals were individually housed
in the kennels to avoid the ingestion of foreign bodies and released in groups to carry out a
supervised physical and social activity in a concrete place.
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2.2. Experimental Diets

The dogs received two experimental diets formulated for maintenance: a control
diet—a diet without the addition of malt extract, and a malt diet—a diet with the addition
of 1.0% of malt extract. The chemical composition of the malt extract used in this study is
shown in Table 1. The chemical composition of malt extract is shown in Table 2, and the
chemical composition and ingredient list of the experimental diets are shown in Table 3.
To reduce the variability between treatments, the ingredients were obtained from a single
lot. After food formulation, the ground ingredients were weighed, homogenized, and
extruded in a single-screw extruder (E-100, Ferraz Máquinas, Ribeirao Preto, Brazil). The
malt extract (Dry Standard, Liotécnica Tecnologia em Alimentos S.A., Sao Paulo, Brazil)
was added after the extrusion during the coating step of the kibbles, associated with swine
fat, liquid palatant (SPF, Symrise Pet Food, Descalvado, Brazil) and poultry viscera oil.

Table 1. Chemical composition of malt extract (Dry Standard, Liotécnica Tecnologia em Alimentos S.A.,
Sao Paulo, Brazil).

Item

Dry matter (%) 1 96.97
Fat (% of DM) 1 0.18

Crude protein (% of DM) 1 7.13
Mineral matter (% of DM) 1 1.86

Total sugars (% of DM) 1 73.20
Maltose (% of DM) 1 34.09

Maltotriose (% of DM) 1 11.33
Maltotetraose (% of DM) 1 5.90

Glucose (% of DM) 1 3.54
Sucrose (% of DM) 1 0.94
Fructose (% of DM) 1 0.84

Iron (mg/kg) 2 0.2
Calcium (mg/kg) 2 27
Sodium (mg/kg) 2 40

Potassium (mg/kg) 2 430
Magnesium (mg/kg) 2 80
Phosphorus (mg/kg) 2 155

Thiamine (mg/kg) 2 0.23
Niacin (mg/kg) 2 6.8

Riboflavin (mg/kg) 2 0.11

Legend: DM = dry matter. 1 Information obtained by the authors. 2 Information declared by the manufacturer.

Table 2. Ingredient composition of experimental diets.

Item (%) Control Diet Malt Diet

Corn 31.06 31.06
Poultry viscera meal 26.38 26.38

Brewer’s rice 15.00 15.00
Corn gluten 60 7.99 7.99

Beet pulp 4.00 4.00
Fish oil 1 0.82 0.82

Potassium chloride 0.42 0.42
Vitamin premix 2 0.37 0.37

Salt 0.30 0.30
Choline chloride 0.17 0.17

Whole egg powder 0.15 0.15
Mineral premix 3 0.13 0.13

Antifungal 4 0.10 0.10
Antioxidant 5 0.07 0.07

DL methionine 99% 0.03 0.03
Poultry fat 6.81 6.81
Swine fat 4.00 3.00

Liquid palatant 6 2.20 2.20
Malt extract 0.00 1.00

1 Fish oil with 0.18% eicosapentaenoic acid (EPA) and 0.12% docosahexaenoic acid (DHA). 2 Vitamin addition
per kilogram of product: vitamin A 18,000 IU, vitamin D 1200 IU, vitamin E 200 IU, thiamine 6 mg, riboflavin 10
mg, pantothenic acid 40 mg, niacin 60 mg, pyridoxine 6 mg, folic acid 0.30 mg, vitamin B12 0.1 mg and choline
2000 mg. 3 Mineral addition per kilogram of product: iron 100 mg, copper 10 mg, manganese 10 mg, zinc 150 mg,
iodine 2 mg and selenium 0.3 mg. 4 Fylax (Trouw nutrition, Mirassol, Brazil). 5 agAntiox (Agroceres Multimix,
Rio Claro, Brazil). 6 SPF (Symrise Pet Food, Descalvado, Brazil).
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Table 3. Chemical composition of experimental diets.

Diets

Control Diet Malt Diet

Dry matter (%) 95.00 94.52

Chemical composition on DM basis (%)

Organic matter 95.11 95.06
Crude protein 29.24 30.87

Fat 19.59 18.81
Mineral matter 4.89 4.94

Crude fiber 10.00 10.47
Nitrogen-free extract 35.92 34.92

Calcium 0.89 0.84
Phosphorus 0.68 0.64

Gross energy (kcal/g) 5.24 5.16
Metabolizable energy

(kcal/kg) 4395.61 4308.60

Legend: DM = dry matter.

The energy requirement for maintenance of the animals was determined by the follow-
ing equation: 110 × body weight (BW)0.75 [28]. With the result, it was possible to determine
the amount of food that was supplied daily, dividing it by the metabolizable energy (ME)
of the food, which was estimated at 4000 kcal/kg based on the ingredients’ energy, which
was calculated by the software used to formulate the diets (Optimal FormulaPlus, Optimal,
Campinas, Brazil). The daily total amount of the food was divided into two equal portions.
Food intake was monitored daily.

2.3. Experimental Design

The experimental design used was the 2 × 2 crossover, which was composed of two
experimental groups (n = 6 per group), two diets, two experimental periods, and a washout
period. The two experimental periods lasted 30 days, and the washout lasted 60 days.
During the washout period, the dogs received a maintenance diet (Premier Formula Raças
Médias, PremieRpet, Dourado, Brazil) that did not contain malt extract. Although this food
contains prebiotics and fermentable fibers (dry brewer’s yeast, mannan-oligosaccharides,
and yeast cell wall), this diet was chosen because it was the same diet that the animals
consumed before the beginning of the study.

Following the premises of the design, each animal consumed both diets at different ex-
perimental periods. In the end, 12 experimental units were obtained for the malt treatment
(MT), and 12 for the control treatment (CT).

In total, the experiment lasted 120 days. The first 23 days of periods 1 and 2 included
adaptation to the diets, and the following 7 days included fecal and blood collection for
analysis of apparent digestibility, fecal score, fecal microbiota, fermentation metabolites,
fecal pH, and immunity.

2.4. Apparent Digestibility and Fecal Score

The apparent total tract digestibility (ATTD) of the experimental diets were determined
by the total feces collection method [29]. Food consumption was recorded daily, and feces
were collected for five days. These were weighed and placed in individual plastic bags and
stored in a freezer (−15 ◦C). At the end of the collection periods, the feces were thawed and
homogenized, comprising a single sample (fecal pool) per animal. Subsequently, they were
weighed and dried in a forced-air oven (Marconi MA035/2, Piracicaba, Brazil) at 55 ◦C
for 72 h [30]. The pre-dried feces were ground in a knife mill (Marconi MA340, Piracicaba,
Brazil), with a 1 mm sieve, and afterward were ground in a micro-knife mill (Marconi
MA048, Piracicaba, Brazil). Food samples were ground in an analytical mill (IKA A11 Basic
Mill, Staufen, Germany).
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After milling, dry matter (DM) (method 934.01), crude protein (CP) (method 935.11),
acid-hydrolyzed fat (method 954.02), ash (method 942.05), and crude fiber (CF) (method
962.09) from feces and diets were determined, according to the methodologies described by
the AOAC [30]; the calcium (Ca) (method 927.02) and phosphorus (P) (method 927.02) con-
tents of the diets were also determined [30]. Nitrogen-free extracts (NFE) were calculated
using the following equation:

NFE% = 100 − (CP + fat + CF + MM)

Organic matter (OM) was calculated using the formula:

OM% = 100 −MM

All analyses were performed in duplicate, exception for CF, which was performed
in triplicate.

Based on the results obtained in the laboratory and after correction for DM, the ATTD
of DM, OM, CP, fat, CF, and NFE of the diets were calculated with the following equation:

ATTD% =
nutrient intake (g)− nutrient output (g)

nutrient intake (g)
× 100

The gross energy (GE) of feces and diets were determined using a bomb calorimeter
(IKA C200 Basic, Staufen, Germany), and the ME of the diets were calculated according to
the FEDIAF [28].

ME =
(GE of food consumed −GE of feces collected)− (CP consumed (g)−CP in feces (g))× 1.25

Amount of food consumed (g)

Fecal score was determined using the scale published by the Waltham Research
Center [31]. During the period of fecal collection for digestibility, values from 1 (hard,
dry pellets, which are small and hard masses) to 5 (entire liquid stool) were assigned,
considering values between 2.0 and 2.5 as ideal.

2.5. Fecal Microbiota

Feces were collected in a sterile way, using appropriate gloves. After collection, the
samples were stored in sterile cryogenic tubes and frozen in a freezer (−80 ◦C).

The determination of the fecal bacteria population was performed using Illumina
sequencing technology (San Diego, CA, USA). Total DNA extraction was performed using
the ZR Fungal/Bacterial DNA MiniPrep™ kit (code D6005, Zymo Research, Irvine, CA,
USA). PCR reactions were performed in a final volume of 20 µL, containing 10 µL of
GoTaq® Colorless Master Mix 2× (USL, Promega, Madison, WI, USA), 0.3 µM of forward
oligonucleotide, 0.3 µM of reverse oligonucleotide, 1 uL of genomic DNA, and 20 uL of
sufficiently sterile ultrapure water.

Amplification reactions were performed in a Veriti™ Thermal Cycler (Applied Biosys-
tems, Waltham, MA, USA) and verified by electrophoresis on 2% agarose gel stained with
UniSafe Dye 0.03% (v/v) ~400 bp (amplicon size). For amplification, a universal primer (5’-
ATGATACGGCGACCACCGAGATCTACACTATGGTAATTGTGTGCCAGCCTCCGCGGTAA-
3’) was used. The indexing reaction was performed following the protocol of the Nextera
XT Index kit (Illumina, San Diego, CA, USA).

The generated libraries were subjected to purification steps using Agencourt AMPure
XP magnetic bead (Beckman Coulter, Brea, CA, USA). Quantification was performed
using the Real-Time PCR methodology using Kit KAPAKK4824 (Library Quantification
Kit—Illumina/Universal). An equimolar pool of DNA was generated, by normalizing all
samples to 3 nM for sequencing, using the Illumina MiniSeq next-generation sequencing
system (Illumina® Sequencing) and MiniSeq Reagent Output MID kit 300 cycles—reading
of 2 × 150 bp.
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The bioinformatics of the fecal microbiota was performed with QIIME 2 2021.4 [32].
The sequence data were demultiplexed and quality filtered using the q2-demux plugin,
followed by denoising with DADA2 [33]. All amplicon sequence variants were aligned
with mafft [34] and used to build a phylogeny with fasttree2 [35]. Alpha diversity metrics
(observed traits, Faith phylogenetic diversity [36] and Pielou’s evenness index [37]), beta
diversity metrics (weighted UniFrac [38]), unweighted UniFrac [39], accord distance, Bray–
Curtis dissimilarity [40] and principal coordinate analysis (PCoA) were estimated using
q2 diversity after the samples were rarefied (subsampled without replacement) to 40,607
sequences per sample. The taxonomy was assigned to the amplicon sequence variants
through the feature classifier q2 [41], Bayes taxonomy classifier naïve classify-sklearn
against the Greengenes reference sequences 99% operational taxonomic units (OTUs) [42].

2.6. Fecal pH and Fermentation Metabolites

Fecal pH was determined by homogenizing one gram of fresh feces with 9 mL of
distilled water. The analysis was performed within 30 min after sample collection, using a
benchtop digital pH meter with an autonomous electrode (STARTER 3100, PH BENCH,
OHAUS Sao Paulo/SP) [43].

To determine SLCFA and SBCFA, three grams of fresh feces sample were diluted
in 9 mL of 16% formic acid. These mixtures were kept in a refrigerator (5 ◦C) and were
homogenized daily for seven days. After this period, the samples were centrifuged (Sorvall
Legend MACH 1.6 R, Waltham, MA, USA) for 15 min at 15 ◦C at 3075× g force three times.
The supernatant was extracted, identified, and stored in a freezer (−15 ◦C). The SLCFA and
SBCFA determinations were performed by gas chromatography (GC HP 7890 A; Injector
HP 7683 B, Agilent Technologies, Santa Clara, CA, USA) [44]. The fatty acid concentration
(mM) was calculated based on an external calibration curve with acetic, propionic, butyric,
valeric, isovaleric, and isobutyric acid performed with chromatographic standards [44].
The results of acetic, propionic, butyric and valeric acids were added to determine the total
SLCFA, while isovaleric and isobutyric acids were added for the total SBCFA. Finally, the
values of total SLCFA and total SBCFA were added to determine the total fatty acids.

The preparation of the samples to determine the concentration of fecal ammonia
was the same as was used for SLCFA and SBCFA. The extracts were thawed at room
temperature, and then 2 mL were diluted in 13 mL of distilled water and submitted for
distillation in a MICRO-KJELDAHL apparatus (Marconi MA036, Piracicaba, Brazil) [45].
These analyses were performed in duplicate.

To determine lactic acid, one gram of sample was diluted with 2 mL of distilled water
(1:2 w/v). These mixtures were kept for three days in a refrigerator (5 ◦C) and were mixed
daily. After this period, the samples were centrifuged for 5 min at 1000× g force (Fanem
206-R Centrifuge Excelsa Baby II, Sao Paulo, Brazil). The supernatants were extracted. The
determination of this metabolite was performed by spectrophotometry at 565 nm (500 to
570 nm) [46]. These analyzes were performed in triplicate.

2.7. Immunological Tests

Two mL of blood were collected from the jugular vein of the animals, which was stored
in a lithium heparin tube. These samples were used to determine lymphocyte proliferation
and immunophenotyping of TCD4+ and TCD8+ lymphocytes.

For the lymphocyte proliferation test, one mL of blood was diluted in phosphate-
buffered saline (1:3 w/v). Afterward, Ficoll® Paque Plus (GE Healthcare, Chicago, IL, USA)
was added to the diluted blood in a 1:2 ratio. The constituent was centrifuged for 25 min
at 900× g force and 20 ◦C (Eppendorf Centrifuge 5804R, Hamburg, Germany). Ten mL
of phosphate-buffered saline was added to the lymphocyte band that was obtained. The
solution was centrifuged for five minutes at 300× g force and 8 ◦C. The supernatant was
discarded, and another centrifugation similar to the previous one was performed. The
supernatant was discarded again, and 900 µg of fetal bovine serum and 100 µg of dimethyl
sulfoxide (hibri-max) were added.
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The assay was performed in 96-well microtiter plates with a U-shaped bottom. Blood
lymphocytes were obtained by separating them into iron particles after purification and
washing in RPMI-1640 medium. They were added to the wells at a concentration equivalent
to 1 × 105 cells in 200 µL/well. The mitogen used was phytohemagglutinin (PHA). The
plates were incubated for 72 h at 37 ◦C in a 5% CO2 atmosphere. After the incubation, the
cells were collected, and the proliferation evaluation was performed in a flow cytometer
(FACSCalibur, Becton Dickinson, Franklin Lakes, NJ, USA). For the analysis of the fluores-
cence data, the values of the percentage of lymphocyte divisions and the index of cellular
proliferation of the lymphocytes were considered. CellQuest® (Becton Dickinson, Franklin
Lakes, NJ, USA) was used to obtain and analyze the results (Figure 1). To determine the
proliferation index, the following equation was used:

Proliferation index =
proliferation of PHA treated cells

proliferation of cells not treated with PHA
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Figure 1. Representative flow plots of gating strategy to determine lymphoproliferation index of one dog.

The proliferation rate was determined by multiplying the index result by 10.
For the lymphocyte immunophenotyping test, blood samples were diluted with PBS

(1:1 v/v). In a sterile 15 mL centrifuge tube, 2 mL of Ficoll® Paque Plus density gradient
(GE Healthcare Life Science, Chicago, IL, USA) and 2 mL of diluted blood were placed.
The constituent was centrifuged for 20 min at 400× g force and 20 ◦C for the separation
of interface mononuclear cells. The number of naive T helper (CD4+) and cytotoxic T
lymphocytes (CD8+) and the CD4+/CD8+ ratio were evaluated.

Mononuclear cells (2× 105 cells/mL) were incubated in microtubes (1.5 mL) with CD4+

(1:10) and CD8+ (1:20) antibodies (Alexa Fluor® 647 anti Dog CD3:FITC/CD4:RPE/CD8
647, Bio-Rad, Hercules, Eugene, OR, USA) and diluted in 100 µL of cytometry buffer (PBS
containing 0.5% bovine serum albumin and 0.02% sodium azide). The isotype antibodies
for defining the background were included in the assay. Cells were incubated for 30 min at
4 ◦C, protected from light. At the end of the incubation period, the samples were washed
twice with cytometry buffer in a volume of 1000 µL/microtube. Finally, the cells were
resuspended in 500 µL of PBS. The population of cells with low size and low complexity,
according to the delimited gate, was selected as the lymphocyte population. From this
selection, the different populations of lymphocytes were determined. The acquisition
and analysis of 10,000 cells were performed using a flow cytometry (FACSCalibur, Becton
Dickinson, Franklin Lakes, NJ, USA) and BD CellQuest® software (Becton Dickinson,
Franklin Lakes, NJ, USA).

Figure 2 illustrates some of the results obtained by the CellQuest® software (Becton
Dickinson, Franklin Lakes, NJ, USA) of the population of lymphocytes found in a sample
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from one dog. It also demonstrated a way of counting the number of CD4+ and CD8+ T
lymphocytes using the software from the initial result.
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2.8. Statistical Analysis

Data for digestibility, fecal production, fecal fermentation metabolites, and immunity
were analyzed using the Statistical Analysis System software, version 9.4 (SAS Institute Inc.,
Cary, NC, USA). The normality of the residues was previously verified by the Shapiro–Wilk
test (PROC UNIVARIATE), and the homogeneity of the variances by the Levine test. When
necessary, logarithmic transformation (log x + 1) was applied. The analysis of variance was
performed by PROC MIXED with a significance level of p < 0.05 according to the following
statistical model:

Yijk = m + Ti + Pi + Ak + eijk

in which Yijk = dependent variable; m = overall mean; Ti = fixed treatment effect; Pj = fixed
line effect; Ak = fixed column effect; and eijk = residual error.

The relative abundances for each phylum, class, family, and genus evaluated in each
animal were evaluated using a Generalized Mixed Linear Model, considering the binomial
distribution of the abundances of each bacterium. The logit link function was adopted
to relate the observed abundances to the systematic component of the model. In case of
significant effects on the treatment, despite the F Test being discriminatory, the Tukey Test
was also adopted as a procedure for comparing means. All microbiota analyzes were
performed using the PROC GLIMMIX from the SAS software, version 9.4. The level of
significance used was p < 0.05.

3. Results
3.1. Animals

It was not necessary to exclude any animal in this study. All remained healthy during
the experimental periods and had sufficient food intake for maintenance, with no episodes
of vomiting or diarrhea.

The mean BW of the CT group was 13.48 ± 1.65 kg, and the BCS was 5.33 ± 0.49; the
mean BW of the MT group was 13.43 ± 1.95 kg, and the BCS was 5.17 ± 0.39. There was no
difference between treatments for BW (p = 0.4458) and BCS (p = 0.1449).

3.2. Apparent Digestibility and Fecal Production

No differences were found in the ATTD of the experimental diets, GE, fecal score, or
fecal production in DM (Table 4). However, a reduction in ME (p = 0.0004) was verified for
the MT group.
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Table 4. Apparent total tract digestibility, energy, and fecal production of dogs fed experimental diets.

Treatment
SEM p-Value

CT MT

Apparent total tract digestibility (%)

Dry matter 86.69 86.90 0.507 0.6561
Organic matter 89.46 89.56 0.426 0.7808
Crude protein 89.50 90.15 0.426 0.1528

Fat 97.31 97.34 0.161 0.8564
Mineral matter 32.91 35.62 2.558 0.3399

Crude fiber 81.33 81.61 0.965 0.7844
Nitrogen-free extracts 87.98 87.80 0.571 0.5863

Energy

Gross energy (kcal/g) 3.85 3.88 0.056 0.6481
Metabolizable energy

(kcal/kg/DM) 4395.62 4308.60 19.338 0.0004

Fecal production

Fecal score 2.10 2.15 0.064 0.3229
Fecal DM (%) 30.47 30.39 0.907 0.8873

Fecal production
(g/day/DM) 24.65 24.19 1.679 0.6126

Legend: CT = control treatment; MT = malt treatment; DM = dry matter; SEM = standard error of the mean.

3.3. Fecal Microbiota

No differences were found for the alpha diversity of bacteria between the treatments
(p = 0.133) using Faith’s phylogenetic diversity index (Figure 3).
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Also, no difference was observed for the alpha uniformity of the microbiota of the
dogs) included in this study (Pielou’s evenness index) (p = 0.326) (Figure 4).
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In total, seven phyla, fifteen classes, forty families, and sixty-nine different genera
were identified. Some of these were found only in some samples, not being enough to
perform the statistical analysis.

Regarding the relative abundance of phylum, an increase in Actinobacteria and Fu-
sobacteria was observed for the CT group when compared to the MT group. Regarding the
phyla Bacteroidetes and Firmicutes, an increase was observed for the MT group (Table 5).

Table 5. Relative abundance of phylum found in the experimental treatments.

Phylum (%)
Treatment

p-Value
CT (Mean ± SEM) MT (Mean ± SEM)

Actinobacteria 3.54 ± 1.81 0.87 ± 0.46 <0.0001
Bacteroidetes 15.43 ± 2.12 18.44 ± 2.44 <0.0001

Firmicutes 57.51 ± 3.10 61.51 ± 3.00 <0.0001
Fusobacteria 18.81 ± 1.42 13.23 ± 1.46 0.0284

Proteobacteria 0.89 ± 0.13 0.84 ± 0.12 0.2911
Legend: CT = control treatment; MT = malt treatment; SEM= standard error of the mean.
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Regarding the relative abundance identified for class, the predominant groups were
Bacilli, Bacteroidia, Clostridia and Fusobacteriia, of which only the first presented the
highest mean for the CT group and the other presented highest for the MT group (Table 6).

Table 6. Relative abundance of class found in the experimental treatments.

Class (%)
Treatment

p-Value
CT (Mean ± SEM) MT (Mean ± SEM)

Actinobacteria 3.51 ± 3.11 0.57 ± 0.52 0.05661
Bacilli 8.71 ± 1.63 3.95 ± 0.78 <0.0001

Bacteroidia 15.43 ± 2.12 18.44 ± 2.44 <0.0001
Betaproteobacteria 0.56 ± 0.15 0.63 ± 0.16 <0.0001

Clostridia 36.97 ± 4.20 52.23 ± 4.50 <0.0001
Coriobacteriia 0.41 ± 0.08 0.65 ± 0.13 <0.0001
Erysipelotrichi 0.97 ± 0.34 0.50 ± 0.18 <0.0001

Firmicutes 2.11 ± 0.98 0.65 ± 0.31 <0.0001
Fusobacteriia 12.81 ± 1.42 13.23 ± 1.46 <0.0001

Gammaproteobacteria 0.35 ± 0.13 0.21 ± 0.07 0.0125
Legend: CT = control treatment; MT = malt treatment; SEM = standard error of the mean.

For relative abundance of family, the main groups that showed differences were
Bacteroidaceae, Bifidobacteriaceae, Fusobacteriaceae, Lachnospiraceae and Peptostrepto-
coccaceae, of which only the second was higher for CT (Table 7).

Table 7. Relative abundance of family found in the experimental treatments.

Family (%)
Treatment

p-Value
CT (Mean ± SEM) MT (Mean ± SEM)

Bacillaceae 3.31 ± 1.00 3.14 ± 0.95 0.0562
Bacteroidaceae 8.36 ± 1.43 11.10 ± 1.85 <0.0001

Bifidobacteriaceae 3.51 ± 3.11 0.57 ± 0.52 <0.0001
Clostridiaceae 1.41 ± 0.36 1.04 ± 0.27 0.0001

Coriobacteriaceae 0.41 ± 0.08 0.65 ± 0.13 <0.0001
Erysipelotrichaceae 0.97 ± 0.34 0.50 ± 0.18 <0.0001

Firmicutes 2.11 ± 0.98 0.65 ± 0.31 <0.0001
Fusobacteriaceae 12.81 ± 1.42 13.23 ± 1.46 0.0284
Lachnospiraceae 8.38 ± 1.22 10.34 ± 1.47 <0.0001
Lactobacillaceae 2.00 ± 1.24 1.35 ± 0.90 0.4514

Oxalobacteraceae 0.38 ± 0.13 0.32 ± 0.10 0.1888
Peptostreptococcaceae 20.17 ± 2.21 28.16 ± 2.78 <0.0001

Prevotellaceae 0.85 ± 0.41 2.59 ± 1.24 <0.0001
Ruminococcaceae 3.50 ± 0.92 6.30 ± 1.61 <0.0001

Succinivibrionaceae 0.57 ± 0.20 0.20 ± 0.07 0.0258
Veillonellaceae 0.32 ± 0.07 0.64 ± 0.14 <0.0001

Legend: CT = control treatment; MT = malt treatment; SEM = standard error of the mean.

Finally, for relative abundance of genus, the main groups that showed differences
were Bacteroides, Bifidobacterium, Faecalibacterium, Ruminococcus (family: Lachnospiraceae),
Lachnospiraceae, Peptostreptococcaceae, and Prevotella (Table 8), of these, only the first pre-
sented the highest mean for CT. Clostridium genera of different families, such as, Clostridi-
aceae, Lachnospiraceae, Peptostreptococcaceae. and Ruminococcaceae, were also identified
(Table 8); of these, only the average of the first was not higher for MT.
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Table 8. Relative abundance of genus found in the experimental treatments.

Genus (%)
Treatment

p-Value
CT (Mean ± SEM) MT (Mean ± SEM)

Anaerobiospirillum 0.54 ± 0.19 0.20 ± 0.07 0.0283
Bacillaceae 3.31 ± 1.00 3.14 ± 0.95 0.0562
Bacteroides 8.36 ± 1.43 11.10 ± 1.85 <0.0001

Bifidobacterium 3.51 ± 3.11 0.57 ± 0.52 <0.0001
C. Clostridium 1.41 ± 0.36 1.04 ± 0.27 0.0001

Collinsella 0.21 ± 0.05 0.35 ± 0.09 0.0006
Dorea 0.34 ± 0.04 0.27 ± 0.03 0.1681

Faecalibacterium 3.27 ± 0.89 5.77 ± 1.52 <0.0001
Firmicutes 2.11 ± 0.98 0.65 ± 0.31 <0.0001

L. Clostridium 0.66 ± 0.08 0.93 ± 0.11 0.0002
L. Ruminococcus 4.35 ± 0.79 5.34 ± 0.96 <0.0001
Lachnospiraceae 3.00 ± 0.33 3.59 ± 0.39 <0.0001

Macellibacteroides 0.08 ± 0.02 0.07 ± 0.02 0.7339
Oxalobacteraceae 0.38 ± 0.13 0.32 ± 0.10 0.1888

P. Clostridium 3.95 ± 1.02 5.69 ± 1.44 <0.0001
Peptostreptococcaceae 12.37 ± 2.21 18.30 ± 3.04 <0.0001

Prevotella 0.85 ± 0.41 2.59 ± 1.24 <0.0001
R. Clostridium 0.08 ± 0.03 0.22 ± 0.07 0.0240

Succinispira 0.15 ± 0.03 0.23 ± 0.05 0.0077
Veillonellaceae 0.20 ± 0.05 0.36 ± 0.09 0.0016

Legend: CT = control treatment; MT = malt treatment; SEM = standard error of the mean.

3.4. pH Fecal and Fermentation Metabolites

There were also no differences between treatments for the fecal pH and fermentation
metabolite concentrations that were evaluated in this study [lactic acid, ammonia, short
(SLCFA), nor in branched-chain fatty acids (SBCFA)], as shown in Table 9.

Table 9. Fecal pH, lactic acid, ammonia, short and branched-chain fatty acids on the feces of dogs fed
experimental diets.

Treatment
SEM p-Value

CT MT

pH fecal 6.65 6.61 0.129 0.5583

Fermentation metabolites

Latic acid (mMol/kg of DM) 30.00 28.19 3.552 0.7145
Ammonia (mMol/kg of DM) 1 166.70 168.20 12.362 0.5232
Total FA (mMol/kg of DM) 1 534.80 551.10 69.064 0.6903

SLCFA (mMol/kg of DM)

Acetic acid 316.50 331.90 45.269 0.3992
Propionic acid 135.80 137.10 14.189 0.8468

Butyric acid 63.27 61.02 9.316 0.6456
Valeric acid 0.84 0.70 0.777 0.3002

Total SLCFA 1 515.50 530.00 65.935 0.7334

SBCFA (mMol/kg of DM)

Isovaleric acid 11.03 12.55 1.650 0.1734
Isobutyric acid 7.37 7.80 1.031 0.4608

Total SBCFA 19.25 21.06 3.387 0.2845
Legend: CT = control treatment; MT = malt treatment; DM = dry matter; FA = fatty acids; SLCFA = short-chain
fatty acids; SBCFA = branched-chain fatty acids; SEM = standard error of the mean. 1 Values transformed to Log
x + 1 or γ for statistical analysis.
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3.5. Immunological Tests

As shown in Table 10, the index (p = 0.0071) and rate (p = 0.0025) of lymphocyte
proliferation (Figure 4), as well as lymphocyte immunophenotyping (CD4 +:CD8+ ratio)
(p = 0.0098) were higher in MT. Regarding the percentages of CD4+ (p = 0.0709) and CD8+

(p = 0.1116) T cells, no differences were observed (Table 10).

Table 10. Lymphocyte proliferation index and rate tests and lymphocyte immunophenotyping of
dogs fed experimental diets.

Treatment
SEM p-Value

CT MT

Proliferation index 2.69 2.97 0.132 0.0071
Proliferation rate (%) 26.85 29.84 1.343 0.0025

CD4+ (%) 27.60 29.21 1.286 0.0709
CD8+ (%) 19.55 18.16 0.870 0.1116

CD4+:CD8+ ratio 1.45 1.63 0.063 0.0098
Legend: CT = control treatment; MT = malt treatment; SEM = standard error of the mean.

4. Discussion

Dog food manufacturers’ demand for alternative ingredients has been growing. Stud-
ies have been carried out with different co-products derived from some foods to evaluate
their possible effects on the nutrition of these animals [47]. Barley has some compounds
of interest, such as beta-glucans and sugars, which are also present in its co-products,
including malt grains and malt extract [48].

In this study, no differences were observed for ATTD, GE, fecal score, and fecal
production. Some authors, when evaluating the supplementation of different prebiotics
such as beta-glucans, fructooligosaccharides, and mannooligosaccharides in healthy dogs,
also did not find changes in these variables [49–52].

It was not possible to perform the GE analysis for the calculation of ME before the
beginning of this study. Therefore, the ME was calculated using the ingredients’ energy,
and it was estimated for both diets at 4000 kcal/kg. It was observed that the estimated ME
value was similar to that obtained after the analyses. The decrease found for ME in the MT
can be explained by the reduction of 1% of swine fat from this diet to include malt extract.

The consumption of prebiotics modulates the composition of the intestinal microbiome.
They serve as a fermentative substrate for some bacteria, which causes an increase in their
population [53,54]. Some ways to evaluate fecal microbiota data is through alpha and
beta diversity.

Alpha diversity refers to methods that evaluate the richness, uniformity, and diversity
of samples from the same treatment. The Faith index is one of these methods, which
calculates the diversity of the treatment based on the number of species and their proportion
in the sample [36]. In this index, the higher the calculated value, the higher the diversity.
The Pielou’s index is another method, which shows the uniformity of the distribution of the
bacterial groups found in the sample within each treatment [37]. This index ranges from 0
(minimal uniformity) to 1 (maximum uniformity). In this study, diversity and uniformity
indices showed similar results between CT and MT. However, this does not indicate that
bacterial groups did not differ between treatments, as the indices were compared and not
the relative values.

The beta-diversity analysis aims to compare results between treatments. One of the
methods used is the Bray–Curtis method [40], which evaluates the dissimilarity between
the species found. In this study, a trend was observed (p < 0.10) for it when analyzed
by PCoA with three axes. However, differences between some groups were found when
analyzing phyla, classes, families, and genera. Other authors have also reported similar
results [55,56]. A possible explanation is that beta-analysis considers all species present in
both treatments, but evaluating them individually or in groups can identify differences.
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The phylum Firmicutes had the highest relative abundance for both treatments and
was higher in MT. The Clostridia class belongs to this phylum, which is known to benefit
mucosal health as it produces butyric acid through fermentation [57]. The genus Peptostrep-
tococcacea belongs to this class. In this study, it was found in greater abundance than the
other genera in both experimental treatments. The role of this bacterial group in the gut is
unclear; however, in cats, it has been associated with protein fermentation [58].

Generally, the phylum Bacteroidetes is the second most abundant in dog feces [59,60].
In this study, this phylum was observed in greater abundance in the feces of the animals
from the MT. The CT presented Fusobacteria as the predominant second phylum, followed by
Bacteroidetes. The other most abundant phyla, which are usually found in the feces of these
animals, were also observed in this study: Actinobacteria and Proteobacteria [53,60,61].

Among the genera that compose the phylum Bacteroidetes, Prevotella and Bacteroides
showed greater abundance in the MT. In a study conducted by Jackson et al. [20] with healthy
dogs, a positive correlation was observed between these genera and the presence in the diet of
maltotriose and maltotetraose. Prevotella is associated with high carbohydrate diets, and it is
involved in the process of carbohydrate fermentation to produce SLCFA [62–64]. Bacteroides
are associated with a healthy microbiome, as they are reduced in unhealthy animals [65,66].

Regarding the Actinobacteria phylum, the results are consistent with other studies that
observed low abundance for this phylum in dog feces [59,67]. In this study, the CT presented a
greater relative abundance of this phylum than that of the MT. Middelbos et al. [67] observed a
difference in dog feces for the Actinobacteria phylum, and the treatment that received a diet
with 7.5% of beet pulp showed a reduction in it when compared to CT. In rats, this phylum is
associated with the production of SLCFA from polysaccharide fermentation [68]. The relative
abundance reduction of this phylum in MT may have occurred due to the increase in other
fermenting groups, such as Firmicutes [57].

Handl et al. [59] observed that the predominant bacteria class in the feces of healthy
dogs is Clostridia, which agrees with the results observed in this study for both treatments,
and for this class, the MT presented the highest mean. Handl et al. [59] also observed a
higher abundance of Clostridium and Ruminococcus, members of the Clostridia class; for
these genera, the averages in the MT group were also higher [67,69]. The increase in these
bacterial groups in the MT group when compared to the CT group may have been caused by
the presence of sugars such as maltotetraose, and fermentable fibers such as beta-glucans,
present in malt extract, which serve as a substrate for fermentation by these groups [70,71].

Bacteria belonging to the Clostridium cluster XIVa are more abundant in the large intestine
of dogs, and this group comprises several genera within the Lachnospiraceae family [72]. These
microorganisms, through fermentation, produce, mainly, SLCFAs (acetate, propionate and
butirate) that are beneficial to the intestinal epithelium and host immune system and which
can cause an increase in T cell concentration [69]. Some bacteria of the genus Faecalibacterium
can also produce SLCFA (acetate, propionate and butirate) [69].

In this study, the MT resulted in a higher relative abundance of the Faecalibacterium
genus and the Lachnospiraceae family. In addition, it also resulted in higher abundances
of three genera that compose the Clostridium cluster XIVa: Clostridium, Ruminococcus,
and Lachnospiraceae [70,71]. Jackson et al. [20] observed that the family Lachnospiraceae is
correlated with the presence of maltose, maltotriose, maltotetraose, and glucose in the diet
of healthy dogs.

Bacteria responsible for lactic acid production, such as the genera Lactobacillus and
Bifidobacterium, are microorganisms of interest because, like carbohydrates, lactic acid can
also be used as a substrate by some bacterial groups for SLCFA production [49,59]. In this
study, bacteria of both genera were identified; however, only nine animals after ingestion
of the CT diet and three after ingestion of the MT diet had Lactobacillus in their feces. The
results found for this genus agree with other studies, as it is usually identified only in
samples from some animals [61,73]. Regarding Bifidobacterium, a greater abundance was
observed in the CT group. Further studies are needed to understand the reduction in these
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lactic acid bacteria in the feces of animals that consume malt extract and to understand its
possible relationship with the increase in other bacterial groups also observed in this study.

The adaptation period for the diets must be considered when analyzing fecal microbiota
and fermentation metabolites. It is necessary to collect samples after this period so that the diet
modulates the large intestine microbiome and thereby changes the fermentation metabolite
concentration. In this study, there was 29 days of adaptation for the diets, a period similar
to that used by other authors [50,52], and there was 60 days of washout, a longer time than
usual, to ensure that one treatment did not interfere with the other. A study conducted by
Perini et al. [51] with healthy dogs showed that a period of 30 or 60 days of food intake with
prebiotics did not change most of the fermentation metabolites analyzed.

SLCFAs are fermentation metabolites that cause a reduction in intestinal pH [69]. In
this study, we expected to find a difference for these metabolites due to the increase in the
relative abundance of bacterial groups belonging to the Clostridium cluster XIVa and the
Faecalibacterium genus; however, this did not occur. A possible explanation for these results
is the rapid absorption of these metabolites by colonocytes because SLCFAs are an energy
source for these cells [52,74–77]. Due to this rapid absorption, fecal and large intestine pH
differ, as has been observed in rats and dogs [74,78,79]. So, even if there is a reduction in pH
in the large intestine, this difference may not be observed in the feces [74,78,79]. In addition,
the level of prebiotic inclusion in the diet can influence the fecal concentration of SLCFAs
(acetate, propionate, and butyrate). Fecal concentration changes only when the production
of metabolites exceeds the absorption capacity [52,74–77]. In this study, supplementing
the diet with 1.0% malt extract was insufficient to alter the fecal concentration of SLCFAs
and, therefore, the fecal pH. Other authors that evaluated the supplementation of various
prebiotics to dog food also did not observe differences in fecal pH and SLCFA concentration
between treatments, but they found differences in other variables, such as fecal microbiota
and immunity [50,52,61,74,80].

Another objective of adding prebiotics to dog food is to promote animal health [50,52].
Some studies have shown that different prebiotics can alter dogs’ immunity due to their
ability to modulate the gut microbiome [52,61,74,76].

For the analysis of lymphocyte proliferation, PHA, which is a T cell-stimulating
lectin, was used [81]. This mitogen, as well as concanavalin A, have been used in several
studies on immunity and have shown better results when compared to other mitogens
and antigens [82–85]. T cells play an important role in regulating the immune system
and defending against invading pathogens. Proliferation is essential for lymphocyte
differentiation, homeostasis, and immune response [24].

The lymphocyte proliferation index and rate were higher for the MT. It demonstrates
a possible increase in the lymphocyte proliferation response in the face of the identification
by the immune system of some antigens or pathogen. These results may be related to the
increase in SLCFA-producing bacteria, which were also found in higher concentrations
for the MT. The increase in the number of bacterial groups belonging to the Clostridium
IV and XIVa clusters has been associated with a rise in T cells in mice [86]. As reported
by other authors, one of the ways SLCFA stimulates the immune system is through the
increase in the T cell population [69]. In this study, there was no difference between the
effects of the MT and CT diets on SLCFA. Further research is required to fully comprehend
the mechanism of action of malt extract on immunity, although it appears to be related to
an increased production of SLCFA in the large intestine.

Currently, there are no established reference values for the rate and index of lymphocyte
proliferation in dogs. The literature shows significant variation in results for these variables
among healthy adult dogs, making it difficult to compare studies [85,87]. Bruin et al. [88]
observed that this index for healthy dogs varied between 0.5 and 4.8 over 24 months.

CD4+ and CD8+ cells are T lymphocytes that have T helper and cytotoxic T cell
functions, respectively. It is important that during the invasion of a microorganism, the
concentration of circulating CD8+ T cells increases, and after the control of the pathogens, it
decreases [89]. This increase cannot be long-lasting, as it can result in severe inflammatory



Fermentation 2023, 9, 870 16 of 20

responses [90]. The CD4+:CD8+ ratio of this study was similar to that observed by other
authors [91]. However, there is no reference value for the CD4+:CD8+ ratio in dogs, similar
to other immunity variables evaluated in this study.

5. Conclusions

The inclusion of 1% malt extract by coating extruded dry dog food did not change
the ATTD, fecal pH, fermentative metabolites, fecal production, or fecal score. However, it
modulated the fecal microbiota, increasing the abundance of bacteria from the Clostridium
XIVa cluster and the genus Faecalibacterium, and it presented a possible immunomodulatory
effect on the lymphocytic variables.
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14. Šimić, G.; Horvat, D.; Lalić, A.; Komlenić, D.K.; Abičić, I.; Zdunić, Z. Distribution of β-Glucan, Phenolic Acids, and Proteins as

Functional Phytonutrients of Hull-Less Barley Grain. Foods 2019, 8, 680. [CrossRef] [PubMed]
15. Newman, R.K.; Newman, C.W. Barley for Food and Health: Science, Technology, and Products; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2008.
16. Teixeira, C.; Nyman, M.; Andersson, R.; Alminger, M. Effects of Variety and Steeping Conditions on Some Barley Components

Associated with Colonic Health. J. Sci. Food Agric. 2016, 96, 4821–4827. [CrossRef] [PubMed]
17. Morgan, A.G.; Gill, A.A.; Smith, D.B. Some Barley Grain and Green Malt Properties and Their Influence on Malt Hot-Water

Extract: I. β -Glucan, β-Glucan Solubilase and Endo-β-Glucanase. J. Inst. Brew. 1983, 89, 283–291. [CrossRef]
18. Chandra, G.S.; Proudlove, M.O.; Baxter, E.D. The Structure of Barley Endosperm—An Important Determinant of Malt Modifica-

tion. J. Sci. Food Agric. 1999, 79, 37–46. [CrossRef]
19. Spears, J.K.; Karr-Lilienthal, L.K.; Fahey, G.C. Influence of Supplemental High Molecular Weight Pullulan or γ-Cyclodextrin on

Ileal and Total Tract Nutrient Digestibility, Fecal Characteristics, and Microbial Populations in the Dog. Arch. Anim. Nutr. 2005,
59, 257–270. [CrossRef]

20. Jackson, M.I.; Waldy, C.; Cochrane, C.Y.; Jewell, D.E. Consumption of Identically Formulated Foods Extruded under Low and
High Shear Force Reveals That Microbiome Redox Ratios Accompany Canine Immunoglobulin A Production. J. Anim. Physiol.
Anim. Nutr. 2020, 104, 1551–1567. [CrossRef]

21. Zastrow, C.R.; Hollatz, C.; De Araujo, P.S.; Stambuk, B.U. Maltotriose Fermentation by Saccharomyces Cerevisiae. J. Ind. Microbiol.
Biotechnol. 2001, 27, 34–38. [CrossRef]

22. Goodridge, H.S.; Wolf, A.J.; Underhill, D.M. B-Glucan Recognition by the Innate Immune System. Nat. Rev. Immunol. 2009, 230,
38–50. [CrossRef]

23. Williams, D.L.; Mueller, A.; Browder, W. Gluean-Based Macrophage Stimulators—A Review of Their Anti-Infective Potential.
Clin. Immunother. 1996, 5, 392–399. [CrossRef]

24. Mortlock, S.A.; Wei, J.; Williamson, P. T-Cell Activation and Early Gene Response in Dogs. PLoS ONE 2015, 10, e0121169.
[CrossRef] [PubMed]

25. Zenewicz, L.A.; Antov, A.; Flavell, R.A. CD4 T-Cell Differentiation and Inflammatory Bowel Disease. Trends Mol. Med. 2009, 15,
199–207. [CrossRef] [PubMed]

26. Laflamme, D.P. Development and Validation of a Body Condition Score System for Dogs. Canine Pract. 1997, 22, 10–15.
27. Michel, K.E.; Anderson, W.; Cupp, C.; Laflamme, D.P. Correlation of a Feline Muscle Mass Score with Body Composition

Determined by Dual-Energy X-Ray Absorptiometry. Br. J. Nutr. 2011, 106, 57–59. [CrossRef] [PubMed]
28. FEDIAF. FEDIAF—The European Pet Food Industry Federation. In Nutritional Guidelines for Complete and Complementary Pet Food

for Cats and Dogs; The European Pet Food Industry Federation: Bruxelas, Belgium, 2020.
29. AAFCO. Association of American Feed Control Officials; Official Publication: Washington, DC, USA, 2019.
30. AOAC. Association of Official Analytical Chemists—Official Methods of Analysis; AOAC Internacional: Gaithersburg, MD, USA, 2006.
31. Waltham Faeces Scoring System [Online]. Available online: https://nagonline.net/wp-content/uploads/2018/04/Waltham-

Fecal-Scoring-Chart.pdf (accessed on 5 October 2022).
32. Bolyen, E.; Rideout, J.R.; Dillon, M.R.; Bokulich, N.A.; Abnet, C.C.; Al-Ghalith, G.A.; Alexander, H.; Alm, E.J.; Arumugam, M.;

Asnicar, F.; et al. Reproducible, Interactive, Scalable and Extensible Microbiome Data Science Using QIIME 2. Nat. Biotechnol.
2019, 37, 852–857. [CrossRef] [PubMed]

33. Callahan, B.J.; McMurdie, P.J.; Rosen, M.J.; Han, A.W.; Johnson, A.J.A.; Holmes, S.P. DADA2: High-Resolution Sample Inference
from Illumina Amplicon Data. Nat. Methods 2016, 13, 581–583. [CrossRef]

34. Katoh, K.; Misawa, K.; Kuma, K.I.; Miyata, T. MAFFT: A Novel Method for Rapid Multiple Sequence Alignment Based on Fast
Fourier Transform. Nucleic Acids Res. 2002, 30, 3059–3066. [CrossRef]

35. Price, M.N.; Dehal, P.S.; Arkin, A.P. FastTree 2—Approximately Maximum-Likelihood Trees for Large Alignments. PLoS ONE
2010, 5, e9490. [CrossRef]

36. Faith, D. Conservation Evaluation and Phylogenetic Diversity. Biol. Conserv. 1992, 61, 1–10. [CrossRef]
37. Pielou, E.C. The Measurement of Diversity in Different Types of Biological Colledions. J. Theoret. Biol 1966, 13, 131–144. [CrossRef]
38. Lozupone, C.A.; Hamady, M.; Kelley, S.T.; Knight, R. Quantitative and Qualitative β Diversity Measures Lead to Different Insights

into Factors That Structure Microbial Communities. Appl. Environ. Microbiol. 2007, 73, 1576–1585. [CrossRef]
39. Lozupone, C.; Knight, R. UniFrac: A New Phylogenetic Method for Comparing Microbial Communities. Appl. Environ. Microbiol.

2005, 71, 8228–8235. [CrossRef] [PubMed]
40. Bray, J.R.; Curtis, J.T. An Ordination of Upland Forest Communities of Southern Wisconsin. Ecol. Monogr. 1957, 27, 325–349.

[CrossRef]

https://doi.org/10.1038/nrgastro.2017.75
https://doi.org/10.1002/j.2050-0416.1975.tb03672.x
https://doi.org/10.1016/j.jcs.2008.02.002
https://doi.org/10.3390/foods8120680
https://www.ncbi.nlm.nih.gov/pubmed/31847194
https://doi.org/10.1002/jsfa.7923
https://www.ncbi.nlm.nih.gov/pubmed/27450418
https://doi.org/10.1002/j.2050-0416.1983.tb04187.x
https://doi.org/10.1002/(SICI)1097-0010(199901)79:1%3C37::AID-JSFA168%3E3.0.CO;2-X
https://doi.org/10.1080/17450390500216993
https://doi.org/10.1111/jpn.13419
https://doi.org/10.1038/sj.jim.7000158
https://doi.org/10.1111/j.1600-065X.2009.00793.x
https://doi.org/10.1007/BF03259335
https://doi.org/10.1371/journal.pone.0121169
https://www.ncbi.nlm.nih.gov/pubmed/25803042
https://doi.org/10.1016/j.molmed.2009.03.002
https://www.ncbi.nlm.nih.gov/pubmed/19362058
https://doi.org/10.1017/S000711451100050X
https://www.ncbi.nlm.nih.gov/pubmed/22005437
https://nagonline.net/wp-content/uploads/2018/04/Waltham-Fecal-Scoring-Chart.pdf
https://nagonline.net/wp-content/uploads/2018/04/Waltham-Fecal-Scoring-Chart.pdf
https://doi.org/10.1038/s41587-019-0209-9
https://www.ncbi.nlm.nih.gov/pubmed/31341288
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1371/journal.pone.0009490
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.1016/0022-5193(66)90013-0
https://doi.org/10.1128/AEM.01996-06
https://doi.org/10.1128/AEM.71.12.8228-8235.2005
https://www.ncbi.nlm.nih.gov/pubmed/16332807
https://doi.org/10.2307/1942268


Fermentation 2023, 9, 870 18 of 20

41. Bokulich, N.A.; Kaehler, B.D.; Rideout, J.R.; Dillon, M.; Bolyen, E.; Knight, R.; Huttley, G.A.; Gregory Caporaso, J. Optimizing
Taxonomic Classification of Marker-Gene Amplicon Sequences with QIIME 2′s Q2-Feature-Classifier Plugin. Microbiome 2018, 6, 90.
[CrossRef]

42. McDonald, D.; Price, M.N.; Goodrich, J.; Nawrocki, E.P.; Desantis, T.Z.; Probst, A.; Andersen, G.L.; Knight, R.; Hugenholtz, P. An
Improved Greengenes Taxonomy with Explicit Ranks for Ecological and Evolutionary Analyses of Bacteria and Archaea. Int. Soc.
Microb. Ecol. J. 2012, 6, 610–618. [CrossRef]

43. Walter, M.; Silva, L.P.; Perdomo, D.M.X. Biological Response of Rats to Resistant Starch. Rev. Inst. Adolfo Lutz 2005, 64, 252–257.
44. Ferreira, E.M.; Pires, A.V.; Susin, I.; Biehl, M.V.; Gentil, R.S.; Parente, M.d.O.M.; Polizel, D.M.; Ribeiro, C.V.D.M.; de Almeida, E.

Nutrient Digestibility and Ruminal Fatty Acid Metabolism in Lambs Supplemented with Soybean Oil Partially Replaced by Fish
Oil Blend. Anim. Feed Sci. Technol. 2016, 216, 30–39. [CrossRef]

45. Vieira, P.F. Efeito Do Formaldeído Na Proteção de Proteínas e Lipídios Em Rações Para Ruminantes. Ph.D. Thesis, Universidade
Fedral de Viçosa, Viçosa, Brazil, 1980.

46. Pryce, J.D. A Modification of the Barker-Summerson Method for the Determination of Latic Acid. Analist 1969, 94, 1121–1151.
[CrossRef] [PubMed]

47. Beloshapka, A.N.; Buff, P.R.; Fahey, G.C.; Swanson, K.S. Compositional Analysis of Whole Grains, Processed Grains, Grain
Co-Products, and Other Carbohydrate Sources with Applicability to Pet Animal Nutrition. Foods 2016, 5, 23. [CrossRef]

48. Tosh, S.M.; Bordenave, N. Emerging Science on Benefits of Whole Grain Oat and Barley and Their Soluble Dietary Fibers for
Heart Health, Glycemic Response, and Gut Microbiota. Nutr. Rev. 2020, 78, 13–20. [CrossRef]

49. Nogueira, J.P.d.S.; He, F.; Mangian, H.F.; Oba, P.M.; De Godoy, M.R.C. Dietary Supplementation of a Fiber-Prebiotic and
Saccharin-Eugenol Blend in Extruded Diets Fed to Dogs. J. Anim. Sci. 2019, 97, 4519–4531. [CrossRef] [PubMed]

50. Theodoro, S.d.S.; Putarov, T.C.; Tiemi, C.; Volpe, L.M.; de Oliveira, C.A.F.; Glória, M.B.d.A.; Carciofi, A.C. Effects of the Solubility
of Yeast Cell Wall Preparations on Their Potential Prebiotic Properties in Dogs. PLoS ONE 2019, 14, e0225659. [CrossRef] [PubMed]

51. Perini, M.P.; Rentas, M.F.; Pedreira, R.; Amaral, A.R.; Zafalon, R.V.A.; Rodrigues, R.B.A.; Henríquez, L.B.F.; Zanini, L.; Vendramini,
T.H.A.; Balieiro, J.C.C.; et al. Duration of Prebiotic Intake Is a Key-Factor for Diet-Induced Modulation of Immunity and Fecal
Fermentation Products in Dogs. Microorganisms 2020, 8, 1916. [CrossRef] [PubMed]

52. Rentas, M.F.; Pedreira, R.S.; Perini, M.P.; Risolia, L.W.; Zafalon, R.V.A.; Alvarenga, I.C.; Vendramini, T.H.A.; Balieiro, J.C.C.;
Pontieri, C.F.F.; Brunetto, M.A. Galactoligosaccharide and a Prebiotic Blend Improve Colonic Health and Immunity of Adult
Dogs. PLoS ONE 2020, 15, e0238006. [CrossRef]

53. Handl, S.; German, A.J.; Holden, S.L.; Dowd, S.E.; Steiner, J.M.; Heilmann, R.M.; Grant, R.W.; Swanson, K.S.; Suchodolski, J.S.
Faecal Microbiota in Lean and Obese Dogs. Fed. Eur. Microbiol. Soc. Microbiol. Ecol. 2013, 84, 332–343. [CrossRef]

54. Deng, P.; Swanson, K.S. Future Aspects and Perceptions of Companion Animal Nutrition and Sustainability. J. Anim. Sci. 2015, 93,
823–834. [CrossRef]

55. Bastos, T.S.; Souza, C.M.M.; Legendre, H.; Richard, N.; Pilla, R.; Suchodolski, J.S.; de Oliveira, S.G.; Lesaux, A.A.; Félix, A.P. Effect
of Yeast Saccharomyces Cerevisiae as a Probiotic on Diet Digestibility, Fermentative Metabolites, and Composition and Functional
Potential of the Fecal Microbiota of Dogs Submitted to an Abrupt Dietary Change. Microorganisms 2023, 11, 506. [CrossRef]

56. Lee, A.H.; Lin, C.Y.; Do, S.; Oba, P.M.; Belchik, S.E.; Steelman, A.J.; Schauwecker, A.; Swanson, K.S. Dietary Supplementation with
Fiber, “Biotics,” and Spray-Dried Plasma Affects Apparent Total Tract Macronutrient Digestibility and the Fecal Characteristics,
Fecal Microbiota, and Immune Function of Adult Dogs. J. Anim. Sci. 2022, 100, skac048. [CrossRef]

57. Li, Q.; Lauber, C.L.; Czarnecki-Maulden, G.; Pan, Y.; Hannah, S.S. Effects of the Dietary Protein and Carbohydrate Ratio on Gut
Microbiomes in Dogs of Different Body Conditions. mBio 2017, 8, e01703-16. [CrossRef]

58. Bermingham, E.N.; Young, W.; Butowski, C.F.; Moon, C.D.; Maclean, P.H.; Rosendale, D.; Cave, N.J.; Thomas, D.G. The Fecal
Microbiota in the Domestic Cat (Felis Catus) Is Influenced by Interactions between Age and Diet; a Five Year Longitudinal Study.
Front. Microbiol. 2018, 9, 1231. [CrossRef]

59. Handl, S.; Dowd, S.E.; Garcia-Mazcorro, J.F.; Steiner, J.M.; Suchodolski, J.S. Massive Parallel 16S RRNA Gene Pyrosequencing
Reveals Highly Diverse Fecal Bacterial and Fungal Communities in Healthy Dogs and Cats. Fed. Eur. Microbiol. Soc. Microbiol.
Ecol. 2011, 76, 301–310. [CrossRef]

60. Macedo, H.T.; Rentas, M.F.; Vendramini, T.H.A.; Macegoza, M.V.; Amaral, A.R.; Jeremias, J.T.; de Carvalho Balieiro, J.C.; Pfrimer,
K.; Ferriolli, E.; Pontieri, C.F.F.; et al. Weight-Loss in Obese Dogs Promotes Important Shifts in Fecal Microbiota Profile to the
Extent of Resembling Microbiota of Lean Dogs. Anim. Microbiome 2022, 4, 6. [CrossRef]

61. Santos, K.d.M.; Risolia, L.W.; Rentas, M.F.; Amaral, A.R.; Rodrigues, R.B.A.; Urrego, M.I.G.; Vendramini, T.H.A.; Ventura,
R.V.; Balieiro, J.C.d.C.; Massoco, C.d.O.; et al. Saccharomyces Cerevisiae Dehydrated Culture Modulates Fecal Microbiota and
Improves Innate Immunity of Adult Dogs. Fermentation 2022, 8, 2. [CrossRef]

62. Suchodolski, J.S. Intestinal Microbiota of Dogs and Cats: A Bigger World than We Thought. Vet. Clin. North Am. Small
Anim. Pract. 2011, 41, 261–272. [CrossRef]

63. Tremaroli, V.; Bäckhed, F. Functional Interactions between the Gut Microbiota and Host Metabolism. Nature 2012, 489, 242–249.
[CrossRef]

64. Xu, Z.; Knight, R. Dietary Effects on Human Gut Microbiome Diversity. Br. J. Nutr. 2015, 113, S1–S5. [CrossRef]
65. Isaiah, A.; Parambeth, J.C.; Steiner, J.M.; Lidbury, J.A.; Suchodolski, J.S. The Fecal Microbiome of Dogs with Exocrine Pancreatic

Insufficiency. Anaerobe 2017, 45, 50–58. [CrossRef]

https://doi.org/10.1186/s40168-018-0470-z
https://doi.org/10.1038/ismej.2011.139
https://doi.org/10.1016/j.anifeedsci.2015.09.007
https://doi.org/10.1039/an9699401151
https://www.ncbi.nlm.nih.gov/pubmed/5358920
https://doi.org/10.3390/foods5020023
https://doi.org/10.1093/nutrit/nuz085
https://doi.org/10.1093/jas/skz293
https://www.ncbi.nlm.nih.gov/pubmed/31634399
https://doi.org/10.1371/journal.pone.0225659
https://www.ncbi.nlm.nih.gov/pubmed/31765439
https://doi.org/10.3390/microorganisms8121916
https://www.ncbi.nlm.nih.gov/pubmed/33276421
https://doi.org/10.1371/journal.pone.0238006
https://doi.org/10.1111/1574-6941.12067
https://doi.org/10.2527/jas.2014-8520
https://doi.org/10.3390/microorganisms11020506
https://doi.org/10.1093/jas/skac048
https://doi.org/10.1128/mBio.01703-16
https://doi.org/10.3389/fmicb.2018.01231
https://doi.org/10.1111/j.1574-6941.2011.01058.x
https://doi.org/10.1186/s42523-021-00160-x
https://doi.org/10.3390/fermentation8010002
https://doi.org/10.1016/j.cvsm.2010.12.006
https://doi.org/10.1038/nature11552
https://doi.org/10.1017/S0007114514004127
https://doi.org/10.1016/j.anaerobe.2017.02.010


Fermentation 2023, 9, 870 19 of 20

66. Pilla, R.; Suchodolski, J.S. The Role of the Canine Gut Microbiome and Metabolome in Health and Gastrointestinal Disease.
Front. Vet. Sci. 2020, 6, 498. [CrossRef]

67. Middelbos, I.S.; Boler, B.M.V.; Qu, A.; White, B.A.; Swanson, K.S.; Fahey, G.C. Phylogenetic Characterization of Fecal Microbial
Communities of Dogs Fed Diets with or without Supplemental Dietary Fiber Using 454 Pyrosequencing. PLoS ONE 2010, 5, e9768.
[CrossRef]

68. Miyamoto, J.; Watanabe, K.; Taira, S.; Kasubuchi, M.; Li, X.; Irie, J.; Itoh, H.; Kimura, I. Barley β-Glucan Improves Metabolic Condition
via Short-Chain Fatty Acids Produced by Gut Microbial Fermentation in High Fat Diet Fed Mice. PLoS ONE 2018, 13, e0196579.
[CrossRef]

69. Blake, A.B.; Suchodolski, J.S. Importance of Gut Microbiota for the Health and Disease of Dogs and Cats. Anim. Front. 2016, 6,
37–42. [CrossRef]

70. Suchodolski, J.S.; Camacho, J.; Steiner, J.M. Analysis of Bacterial Diversity in the Canine Duodenum, Jejunum, Ileum, and Colon
by Comparative 16S RRNA Gene Analysis. Fed. Eur. Microbiol. Soc. Microbiol. Ecol. 2008, 66, 567–578. [CrossRef]

71. Suchodolski, J.S. Microbes and Gastrointestinal Health of Dogs and Cats. J. Anim. Sci. 2011, 89, 1520–1530. [CrossRef]
72. Collins, M.D.; Lawson, P.A.; Willems, A.; Cordoba, J.J.; Fernandez-Garayzabal, J.; Garcia, P.; Cai, J.; Hippe, H.; Farrow, J.A.E. The

Phylogeny of the Genus Clostridium: Proposal of Five New Genera and Eleven New Species Combinations. Int. J. Syst. Bacteriol.
1994, 44, 812–826. [CrossRef]

73. Garcia-Mazcorro, J.F.; Dowd, S.E.; Poulsen, J.; Steiner, J.M.; Suchodolski, J.S. Abundance and Short-Term Temporal Variability of
Fecal Microbiota in Healthy Dogs. Microbiologyopen 2012, 1, 340–347. [CrossRef]

74. Swanson, K.S.; Grieshop, C.M.; Flickinger, E.A.; Bauer, L.L.; Healy, H.P.; Dawson, K.A.; Merchen, N.R.; Fahey, G.C. Supplemental
Fructooligosaccharides and Mannanoligosaccharides Influence Immune Function, Ileal and Total Tract Nutrient Digestibilities,
Microbial Populations and Concentrations of Protein Catabolites in the Large Bowel of Dogs. J. Nutr. 2002, 132, 980–989.
[CrossRef]

75. Zentek, J.; Marquart, B.; Pietrzak, T. Intestinal Effects of Mannanoligosaccharides, Transgalactooligosaccharides, Lactose and
Lactulose in Dogs. J. Nutr. 2002, 132, 1682–1684. [CrossRef]

76. Pawar, M.M.; Pattanaik, A.K.; Sinha, D.K.; Goswami, T.K.; Sharma, K. Effect of Dietary Mannanoligosaccharide Supplementation
on Nutrient Digestibility, Hindgut Fermentation, Immune Response and Antioxidant Indices in Dogs. J. Anim. Sci. Technol. 2017,
59, 11. [CrossRef]

77. Lin, C.-Y.; Alexander, C.; Steelman, A.J.; Warzecha, C.M.; de Godoy, M.R.C.; Swanson, K.S. Effects of a Saccharomyces Cere-
visiae Fermentation Product on Fecal Characteristics, Nutrient Digestibility, Fecal Fermentative End-Products, Fecal Microbial
Populations, Immune Function, and Diet Palatability in Adult Dogs. J. Anim. Sci. 2019, 97, 1586–1599. [CrossRef]

78. von Engelhardt, W.; Rönnau, K.; Rechkemmer, G.; Sakata, T. Absorption of Short-Chain Fatty Acids and Their Role in the Hindgut
of Monogastric Animals. Anim. Feed Sci. Technol. 1989, 23, 43–53. [CrossRef]

79. Campbell, J.M.; Fahey, G.C.; Wolf, B.W. Selected Indigestible Oligosaccharides Affect Large Bowel Mass, Cecal and Fecal
Short-Chain Fatty Acids, PH and Microflora in Rats. J. Nutr. 1997, 127, 130–136. [CrossRef]

80. Stercova, E.; Kumprechtova, D.; Auclair, E.; Novakova, J. Effects of Live Yeast Dietary Supplementation on Nutrient Digestibility
and Fecal Microflora in Beagle Dogs. J. Anim. Sci. 2016, 94, 2909–2918. [CrossRef]

81. Tizard, I.R. Imunologia Veterinária, 8th ed.; Elsevier: Rio de Janeiro, RJ, Brazil, 2009.
82. Thilsted, J.P.; Shifrine, M. Lymphocyte Transformation in the Dog: Response of Lymphocytes from Normal and Immune Dogs to

Phytohemagglutinin, Coccidioidin, and Purified-Protein Derivative. Am. J. Vet. Res. 1977, 38, 81–87.
83. Van de Velde, H.; Janssens, G.P.J.; Rochus, K.; Duchateau, L.; Scharek-Tedin, L.; Zentek, J.; Nguyen, P.; Cox, E.; Buyse, J.; Biourge,

V.; et al. Proliferation Capacity of T-Lymphocytes Is Affected Transiently after a Long-Term Weight Gain in Beagle Dogs. Vet.
Immunol. Immunopathol. 2013, 152, 237–244. [CrossRef]

84. Kröger, S.; Heide, C.; Zentek, J. Evaluation of an Extruded Diet for Adult Dogs Containing Larvae Meal from the Black Soldier
Fly (Hermetia Illucens). Anim. Feed Sci. Technol. 2020, 270, 114699. [CrossRef]

85. Kroll, F.S.A.; Putarov, T.C.; Zaine, L.; Venturini, K.S.; Aoki, C.G.; Santos, J.P.F.; Pedrinelli, V.; Vendramini, T.H.A.; Brunetto, M.A.;
Carciofi, A.C. Active Fractions of Mannoproteins Derived from Yeast Cell Wall Stimulate Innate and Acquired Immunity of Adult
and Elderly Dogs. Anim. Feed Sci. Technol. 2020, 261, 114392. [CrossRef]

86. Atarashi, K.; Tanoue, T.; Shima, T.; Imaoka, A.; Kuwahara, T.; Momose, Y.; Cheng, G.; Yamasaki, S.; Saito, T.; Ohba, Y.; et al. A
Methylaspartate Cycle in Haloarchaea. Science 2010, 331, 337–341. [CrossRef]

87. Vendramini, T.H.A.; Macedo, H.T.; Amaral, A.R.; Rentas, M.F.; Macegoza, M.V.; Zafalon, R.V.A.; Pedrinelli, V.; Mesquita, L.G.; De
Carvalho Balieiro, J.C.; Pfrimer, K.; et al. Gene Expression of the Immunoinflammatory and Immunological Status of Obese Dogs
before and after Weight Loss. PLoS ONE 2020, 15, e0238638. [CrossRef]

88. De Bruin, T.; De Rooster, H.; Van Bree, H.; Waelbers, T.; Cox, E. Lymphocyte Proliferation to Collagen Type I in Dogs. J. Vet. Med.
Ser. A Physiol. Pathol. Clin. Med. 2007, 54, 292–296. [CrossRef]

89. Hellweg, P.; Krammer-Lukas, S.; Strasser, A.; Zentek, J. Effects of Bovine Lactoferrin on the Immune System and the Intestinal
Microflora of Adult Dogs. Arch. Anim. Nutr. 2008, 62, 152–161. [CrossRef]

https://doi.org/10.3389/fvets.2019.00498
https://doi.org/10.1371/journal.pone.0009768
https://doi.org/10.1371/journal.pone.0196579
https://doi.org/10.2527/af.2016-0032
https://doi.org/10.1111/j.1574-6941.2008.00521.x
https://doi.org/10.2527/jas.2010-3377
https://doi.org/10.1099/00207713-44-4-812
https://doi.org/10.1002/mbo3.36
https://doi.org/10.1093/jn/132.5.980
https://doi.org/10.1093/jn/132.6.1682S
https://doi.org/10.1186/s40781-017-0136-6
https://doi.org/10.1093/jas/skz064
https://doi.org/10.1016/0377-8401(89)90088-6
https://doi.org/10.1093/jn/127.1.130
https://doi.org/10.2527/jas.2016-0584
https://doi.org/10.1016/j.vetimm.2012.12.011
https://doi.org/10.1016/j.anifeedsci.2020.114699
https://doi.org/10.1016/j.anifeedsci.2020.114392
https://doi.org/10.1126/science.1196544
https://doi.org/10.1371/journal.pone.0238638
https://doi.org/10.1111/j.1439-0442.2007.00977.x
https://doi.org/10.1080/17450390801892575


Fermentation 2023, 9, 870 20 of 20

90. Day, M.J. Ageing, Immunosenescence and Inflammageing in the Dog and Cat. J. Comp. Pathol. 2010, 142, S60–S69. [CrossRef]
91. Chew, B.P.; Park, J.S.; Wong, T.S.; Kim, H.W.; Weng, B.B.C.; Byrne, K.M.; Hayek, M.G.; Reinhart, G.A. Dietary B-Carotene

Stimulates Cell-Mediated and Humoral Immune Response in Dogs. Biochem. Mol. Action Nutr. Res. Commun. 2000, 130, 1910–1913.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jcpa.2009.10.011
https://doi.org/10.1093/jn/130.8.1910

	Introduction 
	Materials and Methods 
	Location, Facilities, and Animals 
	Experimental Diets 
	Experimental Design 
	Apparent Digestibility and Fecal Score 
	Fecal Microbiota 
	Fecal pH and Fermentation Metabolites 
	Immunological Tests 
	Statistical Analysis 

	Results 
	Animals 
	Apparent Digestibility and Fecal Production 
	Fecal Microbiota 
	pH Fecal and Fermentation Metabolites 
	Immunological Tests 

	Discussion 
	Conclusions 
	References

