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Modulation of the faecal microbiome of healthy adult dogs by inclusion of
potato fibre in the diet
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Table 2. Pradominant bacterial phyla and genera {expressed as a percentage of lotal sequences} in the faeces of dogs fed diels conlaining graded
ceonceniratians of potato fiore (PR

% PF

Phylum Farmily Genus 0 15 a 4.5 % SEM P
Actinobacteria 0-23%% Q.27%° 0.20°° 054" 010° 022 003
Bifidobactaraceae Bifidobactarium 0-44 025 017 0.52 009 023 017
Baclarpidetas 117 070 117 105 073 33 0-57
Bactercidaceas Bactoroides 039 43 0.70 047 051 020 0.72
Prevotellaceae Pravatalis* 0.78° 0-27° 0-475° 0-5%0 026 D42 002
Firmicutes 56.86 64.33 64.52 68-20 5817 599 017
Clostridiaceas Clastriciumg 28.54° 23.00*"  26.968° 2663 14.61° 582 001
Eubacteriaceas Eubacterium 0-79 1.27 0-95 1.10 0-57 032 048
Lachnospiraceae Blauvtia§ 11.27 12:24 12.50 18-29 10-4Q 211 a-22
Lachnospira™§ 0.022 D.g2%e 1.508 1.57° 1518 042 QM
Roseburia 0-83 0.70 0.23 O-76 0-33 0.27 Q.37
Laciobacillacese Laciobacilivs 1-27 526 189 294 4.46 243 alra|
Peptococcaceae Dasuifolomaculum 126 1.268 0-84 .70 0-88 0-40 048
Ruminococcaceae Fagcalibacieriurts 4.64% g-38° 9.57° 10-23** 1568 207 001
Osciliospira 0.72 0-76 o-71 Q.72 0.46 018 Q-60
ARuminococcus 5.49 526 4.63 4.93 4.72 1.85 Q.86
Turcibacteraceae Turicibacter 0-88 0.67 0-98 102 0.66 0.27 049
Veillone!lacaas Megamonas 0-62 o7 0-80 1-03 3-86 0-28 0893
Fhascolarclobacierium 3-30 357 365 3.45 3.4% 0.85 099
Fuscbacteria§ 27 44 25.84 2301 20-29 3228 4-80 17
Fusobacteriaceas FusobacieriunG 2744 25.84 2301 2029 3z.28 4-80 Q7
Proteobacteria 1.53 1.77 1.80 2.72 2.78 083 0.62
Succinivibrionaceae Succinivibrio*t 0-08 0-23 019 0-3 029 0-11 018
Alicaligenaceas Sutterslia 1-38 153 152 200 243 077 082
Teraricutest 12.74 709 4-20 7-20 520 262 018
Erysipalotrichaceae Allobaculum 10.52 4.3 838 5.28 .57 2.55 0-67
Bufisidta 3-21 0-18 a.22 015 18 0-08 057
Cataribacianurm 014 012 a.07 007 004 0.06 068
Coprobacilius 038 051 0-51 045 025 013 0-26
Holdemania 007 010 008 008 004 0-04 0-59

*®plogn valves within a row with unlie superscript letters wera significantly ditferant (P<0-08).

* Mern value was signilicanlly different from that of the 0 % PF diet {P< 0-08),
1Gener includad had a leasl-squares mean valus of 0.01 or nigher.
fLinear effact (P=<(-05).

§Quadratic effect {P<0-05).

(0-53—58-18 % of all sequences) and Tenericutes (1-78—-40-96 %
of all sequences} (Table 2). Actinobacteria (0—3-47% of all
sequences), Bacteroidetes (0-9-06% of all sequences) and
Proteobacteria (0-12:53% of all sequences) also were
present. Inclusion of praded concentrations of dietary PF in
canine dicts altered the proportions of bacterial phyla in the
canine faecal microbiome. With increasing PF concentrations,
the propertion of Firmicutes exhibited a positive quadratic
response {(P<(-05), with the highest concentration observed
in dogs fed the 45% PF diet. Fuscbacteria exhibited a
negative quadratic response (P<(-05), with the lowest
concemration observed in dogs fed the $5% PF diet. The
proportion of Tenericutes decreased linearly (P<0-03) with
increasing dietary PF concentrations.

Fusobacterium (0-53-58-18% of all sequences), Clostridium
(321-61-35% of all sequences), Blautin (1-77-2638% of
all sequences) and Faecalibecteriton (0-20-27-99% of all
seguences) were the precdominant genera in dog facces
(Table 2). The proportion of Fusobdcierium exhibited a
negative quadratic response (F<0-05), with the lowest con-
centrations ohserved in dogs fed the 45% PF diet. Within
the phylum Firmicutes, Closiridium was the predominant
genera for dogs fed 0 to 45% PF. For dogs fed the 6-0% PF

diet, the proporttion of Clasiriditern was lower (P<005) than
that for dogs fed the 0, 3 or 4-3% PF diet, while the proportion
of Fuecalibacteritan was greater (P<X0-05) than that for dogs
fed the 0, 1-3 ar 3% PF diet. The proportion of Clostriddivm
exhibited a quadratic response (P<0-05) with increasing
dietary PF concentrations, with dogs fed 6% PF having
lower proportions (P<.0-05) than those led the 0% PF diet
The proportons of Faccalibacierium and Lachnospira
were greater (P<0-05) for dogs fed all diets containing PF
compared with those fed the 0% FF diet. The proporticn of
Fapcalibacterium increased linearly (P<0-05), while that of
Lachuospira increased quadratically (P<0-05), with increasing
dietary PF concentrations, The proportions of Blautia
increased quadratically {(P<0-05), with peak proportions
observed when dogs were fed the 45% PF diet. For the
faecal proporion of Coprobacitius, there was also a quadratic
increase (P<0-05), with peak proportions being ohserved
in dogs fed the 1-5 and 3% PF diets. The proportions of
Prevotella  (member of Bactercidetes) and  Succinivibrio
(member of Protecbacteria) were lower (P<0-05) for dogs
fed all PFcontaining diets compared with those fed the 0%
PF diet, and also exhibited a linear decrease (P<0-05)
with increasing dietary PF concentrations. Bacterial species
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Fig. 1. Faeealibacterivm spp. scatter plols for sequencing data (a). quantiative PCR (gPCA} data (b}, and Pearson's comelation analysis lor sequence v. gPCA
data (R 0-84; P=0.01) (c). Fusobecisrium spp. scatter plots for sequencing data (d), gPCH data (&), and Pearson's correlation analysis for sequence v. gPCR
data (R 0-10; P=0-44) (). Blauvfia spp. scatier plots for sequencing data (g), qPCH data (h), and Pearson’s somalation analysis for sequence v. qPCR data
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A, 4-5% PF dist; B, 6% PF dist. OTU, operational taxonomig units.

also were quantified and are presented in online supple-
mentary Table §1.

qPCR was conducted on select genera and species.
Fig. 1 shows the scatter plots of sequence and gPCR dara
with median values, and Pearson’s correlation scatter plots
of gPCR v 454 pyrosequencing for Faecalibacteriton spp.
(Fig. 1a)=(c)), Fusobactevium spp. (Fig. -0 and
Blautig spp. (Fig. (g}, respectively. Faecal Faecali-
bacterium, Fusobdcterinm and Blawiia spp. showed no
significant diet effects with increasing concentrations of PF
in the diet (P=0-10, 0-07 and 0-32, respectively; means are not
shown). A single df contrast of the qPCR data calculating the
difference between 0% PF ¢. all the other diets containing PF
revealed that the faeczl proportion of Faecalibacterium spp.
was higher (P</0-05) in dogs fed the PF-containing cliets than
in those fed the 0% PF diet. The proportion of faecal Fusobacter-
fum spp. was lower (P<0-05) for dogs fed the PF-containing

diets than for those fed the 0% PF diet. There was a positive
correlation berween the sequence and qPCR data for Frecali-
hacteritim spp. (R 0-04; P<0-01) and Blautia spp. (R 0-69;
P<001). There was no comelation between sequence and
qPCR data for Fusobdcterium spp. (R O-10; P< (-44).

Scaner plots of QPCR data with median values for Bifido-
hacterium and Lactobacillus spp., and Pearson's comelation
plots for Bifidobacterium spp. and butyrate production and
for Lactobacilius spp. and Bifidobacterium spp. are shown
in Fig. 2(a)=(d) . There were no differenices in mean values
{dara not shown) for Bifidebacterium spp. and Lactobecillus
spp. among the dietary treatments; however, there were
significant comrelations bherween Bifidobacterium spp. and
butyrate producticn (R 0-49; P<0-01) and Laclobaciiius and
Bificlobacterim spp. (R 0-82; P<0-01). Scauer plots for
E. roli and C. perfringens 165 are presented in online sup-
plementary Fig. 51
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centrations constant among all diets, while only changing the
amount of PF at the expense of an inent fibre, cellulose, With
this unique diet formulation, the present study is the frst to
use high-throughput 165 rRNA gene-based pyrosequencing
to determine how increasing concentrations of a moderately
fermentable Abre modulates the hindgut microbiota of dogs.

Previous data indicated that the faecal microbiome of a
healthy dog consists of approximately 14 to 52-5% Firmicutes
and 7 to 50% Fusobactera™™ 2 The predominant
bactetial phyla present in the faeces of dogs fed all diets
were Firmicures and Fusobacteria. The order of predominant
faecal bacterial phyla found in the present study was different
from that reponed in other studies investigating the dog
faecal microbiome. These differences could be explained
by the wvariable regions of the 165 rRNA being amplified.
For example, Middelbos et al.”' found healthy dogs to have
predominantly Fusobacteria, followed by Firmicutes and
Bactercides, when amplifying the V3 region of 165 rRNA,
Similarly, studies investigating the V1-V¥3 regions of 165
rRNA found very high proporticns of Firmicutes (96% GTU)
and very low proportions of ather bacterial phyla. The present
study invesiigated the V4—V6 regions of 165 bacterial rRNA,
which resulted in different proportions of predominant
bacterial phyla; however, the shifts in the micrebiome are con-
sistent with fibre supplementation'®. The supplementation of
beet pulp has been found to increase the ratio of Firmicutes:
Fusobacteria®’. A similar patern was found in the present
study where increasing dietary PF concentrations elicited a
quadratic increase in the proportion of fageal Firmicutes ancd
a gquadratic decrease in the proportion of faecal Fusobacteria.

Fermentability of Abrous substrates is dependent on the
chemical compasition, physical form and amount of the sub-
strate available™®. The heat, pressure and moisture applied
in extrusion usually increases the availability of the substrate
for microbes 1o ferment and produce SCFA. Typicaily, the
molar concentrations of SCFA in the hindgut are greatest in
acetate, then propionate, and butyrate often is present in
the lowest concentration. Butyrate is a major energy source
far colonocytes, and promotes cell apoptosis, stimulation of
cell proliferation, and prevention of colon cancer™”, Part 1
of the presert study found increases in the concentrations of
all the three SCFA with increasing dietary PF concentrations.
Changes within the phylum Firmicutes with increasing PT
concentrations are consistent with the present resulis on
faccal SCFA concenteations, and provide some insight into
the physiological relevance of the present study.

Diversity within the phylum Firmicutes is indicative of a
reduced risk of cenain hindgut diseases, as well as concen-
trations of a diet containing fermentable carbohydrares'>3",
Increases in butyrate and other SCFA concentrations also
may be revealing of shifts in the hindgut microbiome‘*”.
The present results did not show increased diversity within
the phylum Firmicutes; however, we showed an increase
in the abundance of key fermenters. We showed an increase
in the proportion of Faecalibacterium spp. with increasing
dietary PF concentrations, which is consistent with previous
studivs examining fermentable fibre in dog and human
diets®. Dogs ingesting beet pulp, a moderately fermeniable

fibre with a similar chemical composition 1o PF, were found
to have more amounts of F prauswitzii represented in faecal
samples compared with dogs provided no fibre®™. This bac-
terium has received increased attention due to the human
literature suggesting its protective effects on inflammatory howel
disease™ ¥ jn dogs, it has been generally accepred as a ben-
eficial bacterium due to its depletion in inflammatory bowel
disease™"’ and its ability to produce butyrate™™; however, its
physiologiczl relevance has not been fully elucidated. In the
present study, the qPCR analysis of this bacterium confirmed
its presence, and the analysis was highly correlated with our
sequencing data. Furthermore, both the sequencing and qPCR
data showed similar pamerns of increased proportions of
Faecalibacterium with increasing dietary PF concentrations.
Faecal Blautia and Fusobacterium spp. were mwo genera
that were abundant in our sequencing datz and were con-
firmed by gqPCR. There was a significanmt pasitive correlation
between qPCR and sequencing data when analysing faecal
Blautin spp., but no significant correlation was observed
with Fusobacterium spp. This result was not entirely surpris-
ing, since our previous publications using these primers
tended to have a bias towards Fusobacterium spp.>"®. The
gPCR data did not show significant diet effects; however,
the pattern ohserved with increasing PF cancentmations
seemed to be similar to the sequence dara. In dogs, low
faecal concentrations of Blautia spp. have been associated
with acute-haemorrhagic diarthoea, are acetogens and are a
part of the butyrate-producing superfamily Lachnospiraceae.
Fusobacteriiun spp. are largely proteolytic bacteria and have
previously been repored to have associations with liver
cirrhosis™ and oral cavity infections in humans®™; however,
the presence of this bacterial phylum is commoen in healthy
dogs®**%*” An increase in the proportions of faecal Blautia
spp. and a decrease in the proportions of faecal Fusobec-
teritm spp. ure oficn observed with dictary fibre intake.
The physiological relevance of these results was further
investigated by conducting post boc Pearson's correlation
analysis with faccal SCFA data reported previously”® and
qPCR daca. Prebiotics are often evaluated by their ability to
produce butyrate (a butyrogenic effect) or to stimulate the
growth of bifidobacteria (a bifidogenic effect); however, the
definition of 2 prebiotic is not limited to this genus®™*%, We
found that Bifidobacterium spp. were positively correlated
with the concentrations of butyrate and lactobacilli. The
main carhohydrate fermentation products of Bifidobacteria
are acerate and lactate when the substrate is available™,
while lactobacilli produce lactic acid. Bifidobacterial growth
has been found to accompany butyrate production with
inulin-type fructans®. This has previously been explained
by bacterial cross-feeding where primary fermenters of carbo-
hydrate will produce secondary metabolites (acetate and
lactate} or hydrolysed substrate that can be used by other
bacteria®®, Pectic cligosaccharides have been found to
increase bifidobacteria in vitro; however, the effect is depen-
dent on the degree of methylation, and it sas concluded
that oligo-fructose was more bifidogenic®”. An in vitro fer-
mentation study vsing human faecal inoculum found thar
solubilised PF that had minimal enzymatic treatment was
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