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Abstract 
                                                                                 

Fermentable carbohydrates are an important part
of the canine diet. They can improve gastroin-
testinal health by modifying gut microbial popu-
lation and metabolic activity. The present study
compared the fermentation characteristics and
kinetic patterns of 10 carbohydrate sources using
the in vitro gas production technique (IVGPT)
with dog faecal inoculum. The substrates tested
were: pure cellulose (PC), carboxymethylcellu-
lose (CMC), sugar-cane fibre (SCF), beet pulp
(BP), wheat bran (WB), fructooligosaccharides
(FOS), inulin, yeast cell wall (YCW), ground psyl-
lium seed (PS), pea hulls (PH). All substrates
were incubated at 39°C under anaerobic condi-
tions with faeces collected from dogs as micro-
bial inoculum. Gas production of fermenting cul-
tures was recorded and after 48 h, pH, short-
chain fatty acids (SCFA) and organic matter dis-
appearance (OMD) were determined. The
results confirm high fermentation by dog faecal
bacteria of FOS and inulin that produced high
amounts of propionate and that underwent very
rapid fermentation. Three substrates (SCF, CMC
and PC) were not able to support bacterial
growth, with low gas and SCFA production, and
high BCFA formation. The PH and BP showed
moderate OMD and SCFA production. Wheat
bran B underwent rapid fermentation and gener-
ated a high proportion of butyrate. Psyllium
seeds underwent slow fermentation with delayed
gas production, supporting a high formation of
SCFA, with an adequate amount of butyrate for
bacterial growth while YCW, which showed a
delayed fermentation, gave moderate SCFA pro-
duction. The fermentation characteristics of PS
and YCW suggest their potential use in promot-
ing a more distal fermentation on intestinal tract. 

Introduction

Fermentable carbohydrates are important
components of dog diets, including some
fibres, starch, non-starch polysaccharides,
such as mannanooligosaccharides, fruc-
tooligosaccharides, stachyose and raffinose,
and non-absorbed sugars. These nutrients
reach the colon and are suitable for bacterial
fermentation (Gibson and Roberfroid, 2008).
They provide an adequate supply of organic
matter for the large intestine. Bacterial fer-
mentation of these compounds results in
short-chain fatty acid (SCFA) production and
pH reduction, which could modify the composi-
tion and metabolic activity of the intestinal
bacteria (Campbell et al., 1997). The short
chain fatty acids, especially butyric acid, are
important energy sources for the colonocytes
(Roediger, 1982). They lead to suitable ion
absorption, and act in intestinal blood flow and
peristaltism, helping the animal by increasing
the nutrients available for the colonocytes
(James, 1980). Some of these fermentable car-
bohydrates can be classified as prebiotics,
defined as non-digestible ingredients that ben-
eficially affect the host by selectively stimulat-
ing the growth and/or metabolic activity of a
limited number of desirable bacterial species
already resident in the colon (Gibson and
Roberfroid, 2008). On the other hand, protein
fermentation by gut microbiota results in the
production of putrefactive compounds, includ-
ing phenols, indoles, ammonia, branched-
chain fatty acids (BCFA) and biogenic amines
increasing the quantity of nitrogenous waste
materials entering the bloodstream (Smith
and Macfarlane, 1997). 
The in vitro gas production technique

(IVGPT) proposed by Theodorou et al. (1994)
could be useful to assess the fermentation pat-
tern and kinetics of a carbohydrate source by
dog intestinal microbiota. The IVGPT is based
on the fact that the anaerobic fermentation by
gut microorganisms produces many com-
pounds, including gas (CO2, CH4 and traces of
H2), SCFA (acetate, propionate, butyrate, vale-
riate, iso-valeriate and iso-butyrrate) and
ammonia. The technique has already been
used to evaluate feedstuffs with inocula from
rumen liquor (Calabrò et al., 2008; Cutrignelli
et al., 2005, 2007), content of gastrointestinal
tract sections of pigs (Williams et al., 2001),
caecal content of rabbits (Bovera et al., 2008),
poultry (Williams et al., 1997), and dog faeces
(Bosch et al., 2008; Cutrignelli, 2007;
Cutrignelli et al., 2009). 
The extent of fermentation and the SCFA

profile are related to the interaction between

substrate and microbiota. The structure of the
carbohydrate (e.g. different sugar composi-
tions and molecular size), the bacterial species
present in the ecosystem and their metabolic
collaboration are probably important factors in
controlling fermentation (Cummings and
MacFarlane, 2002). Furthermore, in estimat-
ing the fermentation patterns among animal
species, the morphological and functional
characteristics of the hindgut should be con-
sidered. In particular, carnivores have a short
and relatively simple large intestine where the
undigested food resides for approximately 12 h
(Maskell and Johnson, 1993). In spite of the
fact that the results of in vitro tests are not
directly transferable in vivo, several character-
istics (e.g. standardized fermentation condi-
tions, defined fermentation times, ability to
measure fermentation end products, low cost)
mean that these methods are also useful to
study the fermentation capacity of intestinal
microflora of dog. The use of faeces as inocula
source has been the subject of intense discus-
sion. However, Bosch et al. (2008) concluded
that because the ranking remained the same
for the large intestinal inocula, the use of fae-
ces for inoculum preparation would be suitable
for in vitro screening.
Therefore, the aim of this study was to use
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IVGPT to compare fermentation characteris-
tics, kinetics and end products of different car-
bohydrate sources using dog faecal inocula, in
order to better understand the potential effects
of their inclusion in dog diets.

Materials and methods

Substrates
Ten carbohydrate substrates were used:

purified cellulose (PC) (CPKelco Limeira, SP,
Brazil), a soluble sodium salt of cellulose, car-
boxymethylcellulose (CMC) (FINNFIX® 700
CPKelco Limeira, SP, Brazil), a purified by-
product of sugar cane (Saccharum offici-
narum) namely sugar-cane fibre (SCF), beet
(Beta vulgaris) pulp (BP), wheat bran (WB), a
residue of wheat (Triticum spp.) flour produc-
tion, two commonly used prebiotics, purified
fructooligosaccharide (FOS; Actilight Beghin
Meiji, France), inulin (Prebiofeed 95, Socode,
Belgium), spray-dried yeast cell wall (YCW)
(ActiveMOS, Biorigin, Brazil) (consisting of a
purified Saccharomyces cerevisiae cell wall, a
common source of mannanooligosaccharides
in dog diets), and two natural sources of
dietary fibre (Dilumix Industrial Ltda., Brazil),
namely ground whole seed of psyllium
(Plantago psyllium, PS) and pea hulls (Pisum
sativum, PH), obtained after peeling and
grinding. 
Chemical analyses of substrates were car-

ried out using AOAC (2005) procedures: crude
protein (ID 954.01), ether extract (ID
920.39C), ash (ID 942.05) and dry matter (ID
934.01). Total dietary fibre (TDF), and soluble
and insoluble fibre were measured according
to Prosky et al. (1988). 

Protocol for IVGPT
The IVGPT was performed according to

Bosch et al. (2008). Each substrate was accu-
rately weighed (mean±SD: 0.502±0.008 g) in
triplicate into 120 mL serum flasks and 75 mL
of an anaerobic medium was added as
described by Williams et al. (2005). It was
decided to use the whole materials without
preliminary treatment because, as reported by
Bauer et al. (2003), there is very little change
in fermentation capacity as a result of enzyme
treatment using carbohydrate sources as sub-
strates. 
The medium contains nitrogen in several

forms suitable for microbial use because the
substrates were mainly a source of energy for
the microbial population. Contextually, three

flasks were prepared without substrates
(blank) to correct degradability, gas and short
chain fatty acid (SCFA) productions. All the
flasks were immediately sealed with butyl rub-
ber stoppers and aluminium crimp. 

Faecal inoculum
Faeces were collected per rectum from 2

healthy adult (4-year old) German Shepherd
dogs (mean body weight 32 kg) fed a commer-
cial dry food without prebiotics (chemical com-
position, g/kg on an as fed basis: crude protein
258, total dietary fibre 66, acid hydrolyzed fat
175, ash 70) for two weeks prior to faeces col-
lection. Faecal samples were immediately
transported to the laboratory of the
Department of Animal Science and Food
Control (Naples, Italy) and processed within 40
min of collection. Faecal samples were pooled,
diluted (1:10, v/v) with 0.9% NaCl sterile solu-
tion, homogenized and filtered through six lay-
ers of gauze. In each prepared flask (including
a blank), 5 mL of the faecal solution were
injected. After inoculation, flasks were placed
in a PI400 incubator (Carbolite, Sheffield, UK)
at 39°C for 48 h under anaerobic conditions. 

Gas production and fermentation
end-product measurement
According to other in vitro studies with

inoculum from dogs (Sunvold et al., 1995b;
Bosch et al., 2008) the fermentation was
stopped after 48 h of incubation, considering
the high transit rate of digesta in dog hindgut.
Gas production of fermenting cultures was
recorded 18 times (at 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 24, 26, 30, 32, 34, 42, 46 and 48 h) using
a manual pressure transducer (Cole and
Parmer Instrument Co., Vernon Hills, IL, USA). 
Gas volumes obtained for each sample were

related to the quantity of incubated organic
matter (organic matter cumulative gas vol-
ume, OMCV). Fermentation was stopped after
48 h by cooling at 4°C. At the end of incuba-
tion, fermenting liquor was analysed for pH
(pH meter model 3030; Alessandrini
Instrument SpA glass electrode Jenway,
Dunmow, UK) and 10 mL were collected and
frozen at -15°C for SCFA analysis. The organic
matter disappearance (OMD) was measured
by filtering the flask residues using pre-
weighed sintered glass crucibles (porosity #2,
DURAN Group GmbH Mainz, Germany) under
vacuum. Residual dry matter was determined
by drying the sample to a constant weight at
103°C, residual organic matter was calculated
by difference following burning (5 h at 550°C). 
For SCFA determinations, fermenting

liquors were thawed and centrifuged twice at
12,000 g for 10 min at 4°C (Universal 32R,
Hettich FurnTech Division DIY, Germany). One
mL of supernatant was then mixed with 1 mL
of oxalic acid (0.06 mol). Short chain fatty
acids were measured by gas chromatography
(ThermoQuest Italia SpA, Rodano, Milan, Italy;
model 8000top, fused silica capillary column 30
m x 0.25 mm x 0.25 µm film thickness), using
as external standard a solution composed of
acetic, propionic, butyric, iso-butyric, valeric
and iso-valeric acids, as described by Calabrò
et al. (2006). In order to evaluate whether pro-
teolysis occurs during the fermentation, the
branched chain fatty acid was calculated
according to the following equation: 

BCFA = [(isobutyric + isovaleric)/SCFA].

Calculations and statistical analysis 
For each flask, the gas production profiles

were fitted to the sigmoidal model described by
Groot et al. (1996): 

G (ml/g) = A/(1+B/t)C

where G is the total gas produced (mL/g of
organic matter) at t (h) time, A is the asymp-
totic gas production (mL/g of incubated organ-
ic matter), B is the time at which one-half of
the asymptote is reached (h), and C is the
switching characteristic of the curve. The
NONLIN package (Sherrod, 1995) was used to
fit the data to this equation. Maximum fermen-
tation rate (Rmax) and the time at which it
occurred (Tmax) were calculated according to
the following formulas (Bauer et al., 2001):

Rmax (ml/h) = (A�CB)�B�[Tmax(–B–
1)]/[(1+CB)�(Tmax–B)2]

Tmax (h) = C�[(B-1)/(B+1)](1/B)

The fermentation characteristics (OMCV,
cumulative volume per g of incubated OM,
OMD, SCFA, BCFA, pH) and the fitted parame-
ters (A, B, Tmax and Rmax) were subjected to
analysis of variance to detect the influence of
the different substrates. The statistical model
(GLM procedure, SAS, 2000) was:

yij = µ + Subi + ɛ

where y is the experimental data, µ the general
mean, Sub the substrates (i = 1, 2, …10), ε the
error term. When significant differences
among substrates were found in the analysis of
variance, means were compared using the
Tukey’s test.
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Results

Chemical composition of the studied carbo-
hydrate sources is shown in Table 1.
Substrates may be classified according to their
TDF amount in: very high TDF content (TDF
≥850 g/kg; PC, SCF and PH), high TDF content
(TDF ≥600 g/kg; CMC, FOS, inulin and BP),
moderate TDF content (TDF ≤ 400 g/kg; YCW,
PS and WB). CMC, FOS and inulin were com-
pletely soluble while on the contrary, PC, PH
and SCF were completely insoluble. The other
substrates were intermediate, most with a
higher content of insoluble fibre.
Kinetic parameters were: asymptotic gas

production (A), time at which one-half of the
asymptote was reached (B), maximum fer-
mentation rate (Rmax) and time at which it
occurred (Tmax). Kinetic parameters and fer-
mentation characteristics (OMD and OMCV)
varied among the studied ingredients (Table
2). As expected, both the cellulose substrates
(PC, CMC) and sugar-cane fibre showed very
low OMCV values (P<0.01). On the contrary, a
significant difference was found between the
OMD values of these substrates (P<0.01).
Pure cellulose and sugar-cane fibre showed the
lowest OMD (2.20% and 5.41%, respectively)
and the CMC organic matter disappearance
was one of the highest (96.3%). Inulin, FOS
and YCW presented high OMD and OMCV,
even with the different kinetic parameters
shown by those substrates, YCW resulting in
lower A (mL/g) and Rmax (mL/h) and higher
Tmax (h) than inulin and FOS (P<0.01). The
other natural fibre sources evaluated (WB, BP,
PH and PS) produced moderate (WB and BP)
or high (PH and PS) amounts of gas (OMCV);
only PS gas production (214 mL/g) did not cor-
respond to the high OM degraded (28.8%).
Only PH did not fit the gas profile model used
in the study. The potential gas (A, mL/g) and
maximum rate (Rmax, mL/h) were highest
(P<0.01) for inulin, FOS and WB, intermediate
for BP, YCW and PS, and lowest (P<0.01) for
SCF, CMC and PC.  The PS and YCW needed
more time to reach Rmax (P<0.01) than all the
other substrates, with BP presenting interme-
diate results. 
The in vitro gas production and fermenta-

tion rate over time of WB, FOS, inulin, YCW, BP
and PS are illustrated in Figures 1 and 2,
respectively. For PC, CMC, PH and SCF, the
curves were almost flat (data not shown).
Wheat bran, fructooligosaccharides and inulin
presented similar gas profiles, which differ
from the YCW, BP and PS curves. The first
three samples showed their highest values at
the beginning of fermentation, while BP, YCW

and PS showed a flatter curve with maximum
values between 12 to 24 h (Figure 2). 
Values of pH, determined after 48 h of incu-

bation, were significantly higher (P<0.01) for
the low fermentable substrates (PC, CMC, and
SCF) compared to those that fermented more,
as presented in Table 3. The pH values of
inulin and FOS were particularly low. High
amounts of total SCFA (Mmol/g OM) were
found for BP, PS, inulin and WB (P<0.05) while
PC, CMC and FOS showed lower values
(P<0.05) and the remaining substrates pre-
sented intermediate values. In particular, PS
showed the highest value (41.24 Mmol/g OM)
and PC and CMC the lowest values (8.84 and
7.19 Mmol/g OM, respectively). Most of the
tested substrates yielded an SCFA production

with a high proportion of acetate and propi-
onate, which together accounted for more than
50% of SCFA production. In particular, for FOS
and inulin, acetic and propionic acids account
for more than 85% of produced SCFA. The pro-
portion for butyric acid production was signifi-
cantly higher for WB (4.49 Mmol/g OM) com-
pared to all the other substrates (P<0.01). As
expected for the substrates tested, and in
accordance with Bosch et al. (2008), the
branched chain fatty acid proportion was quite
low for all the tested substrates. However, the
cellulose samples (PC and CMC) and SCF pro-
duced higher proportions of isobutyric, isova-
leric and valeric acids than the other sub-
strates (P<0.05). Consequently, these sub-
strates showed the highest proportion of
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Table 1. Chemical composition of the evaluated carbohydrate sources (g/kg as fed basis).

DM CP EE Ash TDF          Insoluble fibre     Soluble fibre

Carbohydrate                                                           
PC 936 - 0.4 2.0 920                      914                          15
CMC 937 - - 195 740                        -                           740
SCF 982 17 13 56 908                      908                           -
BP 905 75 5.5 64 620                      371                         245
WB 883 152 19.8 43 389                      229                         151
FOS 959 0.3 0.6 - 705                        -                           705
Inulin 977 - 0.4 - 683                        -                           683
YCW 941 288 8 57 550                      328                         207
PS 931 219 101 27 513                      401                         102
PH 943 55 13 23 853                      830                          26

DM, dry matter; CP, crude protein; EE, ether extract; TDF, total dietary fibre; PC, purified cellulose; CMC, carboxymethylcellulose;
SCF, sugar-cane fibre; BP, beet pulp; WB, wheat bran; FOS, fructooligosaccharide; YCW, spray-dried yeast cell wall; PS, ground whole
seed of psyllium; PH, pea hulls.

Table 2. In vitro fermentation characteristics of the tested substrates.

OMD, OMCV, A, B,                      Tmax,                  Rmax,
% mL/g mL/g h                           h                        mL/h

Carbohydrate                                                           
PC 2.20F 3.55E 3.43D 5.67B                     2.83D                     0.42C

CMC 96.3A 8.34E 3.83D 3.64C                     3.28D                     0.69C

SCF 5.41F 16.6E 7.63D 8.36B                    7.40Cc                    1.02C

WB 64.0C 152C 158A 5.83B                     2.17D                    18.4Aa

BP 49.8D 116D 137B 19.9Ab                    11.8B                     4.54B

PH 81.2B 256A nd nd                         nd                         nd
PS 28.8E 214B 113C 23.1Aa                    20.6Aa                    5.64B

FOS 99.4A 165C 159A 8.39B                     5.63D                    12.2Ab

Inulin 93.8A 185B 188A 8.88B                    6.23Cd                   15.4Aa

YCW 99.1A 199B 99.1C 19.6Ab                    16.7Ab                    5.02B

MSE 54.6 191.07 106.83 3.29                       3.63                      3.88

OMD, organic matter disappearance; OMCV, cumulative gas production related to incubated organic matter; A, asymptotic value for
gas production; B, time at which one-half of the asymptote is reached; Tmax time at which the maximum rate of gas production is
reached; Rmax maximum fermentation rate. PC, purified cellulose; CMC, carboxymethylcellulose, SCF, sugar-cane fibre; WB, wheat
bran; BP, beet pulp; PH, pea hulls; PS, ground whole psyllium seed; FOS, fructooligosaccharides; YCW, spray-dried yeast cell wall;
MSE, mean square error; nd, not detected. A–EDifferences statistically significant for P<0.01; a–ddifferences statistically significant for
P<0.05. 
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branched chain fatty acids; (isobutyric + isova-
leric)/SCFA values were 0.33, 0.31 and 0.32 for
PC, CMC and SCF, respectively.

Discussion

Common methods of fibre analysis, includ-
ing total dietary fibre, and soluble and insolu-
ble fibre provide information on the carbohy-
drate sources in terms of amount of fibre and
physical characteristics (e.g. solubility), but do
not provide any information about their suit-
ability for bacterial fermentation (de-Oliveira
et al., 2011). Therefore, the combination of the

chemical composition analysis with the in
vitro gas production technique provides inter-
esting complementary data about the ingredi-
ents. 
The gas production technique was shown to

be useful for an in vitro screening of non-
digestible carbohydrate for dogs, separating
them according to fermentation amount as
well as characteristics and SCFA production.
The short chain fatty acids are the major end
products of bacterial fermentation reactions
on carbohydrates in the colon in all mammals.
All SCFA are rapidly absorbed and then metab-
olized by the gut epithelium, liver and muscle.
One of the most important SCFA properties is
their trophic effect on the intestinal epitheli-

um, maintaining the mucosal defence barrier
against invading organisms. Acetate, propi-
onate and butyrate are trophic when infused
into the large intestine although butyrate
seems to be the most effective and least propi-
onate. Butyrate is the most interesting of the
SCFA, also because it is an important energy
source for the colonic epithelium, and also reg-
ulates cell growth and differentiation
(Salminen et al., 1998).
The in vitro data obtained for FOS, PC,

inulin and BP are in broad agreement with
previous canine studies (Cutrignelli, 2007;
Cutrignelli et al., 2009). 
For PC, CMC and sugar-cane fibre, the high

values of BCFA associated with a very low gas

                                                                                                                   Calabrò et al.

Table 3. In vitro fermentation end products after 48 h of incubation.

pH SCFA Acetic Propionic       Isobutyric Butiryc Isovaleric Valeric BCFA
mMol/g % of total SCFA

Carbohydrate                        
PC 7.76A 8.84Bd 32.96B 10.77B            17.40Aa 2.00B 15.85Aa 21.03Aa 0.33A

CMC 7.74A 7.19Bd 34.93B 10.83B            16.92Aa 2.00B 14.15Aa 21.17Aa 0.31Ab

SCF 7.70A 25.73Bb 37.72B 10.90B            16.02Aa 1.72B 15.75Aa 17.89Aa 0.32Ab

WB 6.28B 34.07Ba 48.43A 17.58B             6.94Bb 13.18A 4.20Bd 9.67Ab 0.11Bc

BP 6.22B 37.04Aa 56.15A 25.31B             4.84Bb 4.46B 3.17Bd 6.08Bc 0.08C

PH 6.67B 26.00Bb 57.90Aa 12.89B             8.98Ab 1.64B 8.18Bc 10.42Bb 0.17Abc

PS 6.74B 41.24Aa 44.74A 21.39B             9.68Ab 5.52B 7.02Bc 11.65Bb 0.17Abc

FOS 4.72C 11.72Bc 52.16A 36.01Ab             4.59Bb 2.51B 2.74Bd 2.00Bd 0.07C

Inulin 4.86C 35.99Aa 47.35A 41.52Aa             6.28Bb 1.47B 2.01Be 1.38Bd 0.08C

YCW 6.80B 17.89B 37.32B 26.77B            12.44Aa 2.13B 7.44Bc 13.90Ab 0.20Abc

MSE 0.0104 64.17 76.7 12.7                18.2 10.9 6.32 16.7 0.004

SCFA, sort chain fatty acids; BCFA, branched chain fatty acid proportion [(isobutyric+isovaleric)/SCFA]. PC, purified cellulose; CMC, carboxymethylcellulose; SCF, sugar-cane fibre; WB, wheat bran; BP,
beet pulp; PH, pea hulls; PS, ground whole psyllium seed; FOS, fructooligosaccharides; YCW, spray-dried yeast cell wall; MSE, mean square error. A–DDifferences statistically significant for P<0.01; 
a–ddifferences statistically significant for P<0.05. 

Figure 1. In vitro gas production of the tested substrates over
time. WB, wheat bran; FOS, fructooligosaccharides; YCW, spray-
dried yeast cell wall; BP, beet pulp; PS, ground whole psyllium
seed.

Figure 2. In vitro fermentation rate of the tested substrates over
time. WB, wheat bran; FOS, fructooligosaccharides; YCW, spray-
dried yeast cell wall; BP, beet pulp; PS, ground whole psyllium
seed.
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production suggest a low availability of nutri-
ents, depressing bacteria fermentation and
growth. This situation resulted in bacterial
autolysis and the fermentation of dead bacte-
ria by the remaining microorganisms.
Fermentation of aminoacids (valine and
leucine) released during bacterial death pro-
duces isobutyric and isovaleric acids, explain-
ing the higher BCFA values of these substrates
(McDonald et al., 2002). The higher values of
pH for these substrates can probably be justi-
fied by a higher accumulation of ammonia due
to protein degradation. 
Carboxymethylcellulose is characterized by

high solubility and viscosity in water. No previ-
ous information about its fermentation had
been available. The very low fermentation
found in this study suggests the advisability of
using CMC in low-energy dog diets formulated
for weight maintenance or weight loss, which
require the addition of high fibre. In particular,
the high viscosity of CMC could allow delayed
gastric emptying and nutrient absorption,
increasing the animal’s sensation of satiety
(Slavin and Green, 2007); this could be
explored in future studies. The high OM disap-
pearance of CMC could be related to the
extremely high solubility of the ingredient.
Carboxymethylcellulose is a sodium salt of cel-
lulose that is completely soluble in water. At
the end of incubation, the filter did not retain
the incubated OM that results in apparent
OMD, whereas it was only solubilized and not
fermented, as the gas data demonstrated.
Filtration problems must also be considered
during the interpretation of OMD results of
other high soluble carbohydrates evaluated,
including FOS, inulin and YCW.
The very low fermentation of SCF (compara-

ble with that of PC) suggests the high potential
of this insoluble fibre source. In contrast, the
association of a poorly fermentable substrate
with high insoluble fibre content (91% of insol-
uble dietary fibre) suggests that SCF could be
a cheaper substitute for purified cellulose in
formulating low-energy diets. In these diets,
the addition of high fibre is necessary to
reduce energy digestibility, making it neces-
sary to use insoluble fibre sources with low fer-
mentation properties. Such fibre sources inter-
fere less with protein and fat digestibility, and
improve faeces formation compared to those
with high fermentation characteristics (Fahey
et al., 1990; Sunvold, et al., 1995a).
Little information was previously available

on fermentation of YCW by gut microbiota of
dog and that was not always consistent. The
IVGPT results for this substrate showed a mod-
erate gas production (OMCV) and slow fer-
mentation (large Tmax) with a fair SCFA pro-

file. Gomes et al. (2008) found in vivo an
increase in dog faecal SCFA concentration
when the diet was supplemented with YCW.
Yeast cell wall is a source of mannanooligosac-
charides and has been considered a useful pre-
biotic for dogs, potentially favouring gut health
(Swanson and Fahey, 2006). The prebiotic
effect of YCW is largely attributed to the ability
of mannanooligosaccharides to attach to type A
fimbriae of Salmonellae and Clostridiae avoid-
ing adhesion to enterocytes (Vernazza et al.,
2006). Our findings obtained here suggest that
at least the benefits could also be attributed to
its intestinal fermentation and SCFA produc-
tion in dog colon. The delayed maximum rate
of gas production suggests that YCW is proba-
bly more fermented in the distal part of gas-
trointestinal tract, and this might favour SCFA
production in the colon.
The oligosaccharides FOS and inulin are

readily available energy sources for gut bacte-
ria. They produced a high proportion of propi-
onic acid and significantly lower pH values
than the other substrates (P<0.01). This was
probably due to lactic acid production (Böhmer
et al., 2005). Previous studies already demon-
strated high fermentation of these substrates
by canine faecal inoculum (Sunvold et al.,
1995b). Besides the high gas production, FOS
and inulin presented a short Tmax, suggesting
that these substrates are fermented more cra-
nially in the intestinal tract. These compounds
could be considered for diets able to promote
the fermentation activities also in small intes-
tine (e.g. to treat small intestinal diseases).
Wheat bran and pea hulls showed particular
characteristics of organic matter fermentabili-
ty and short chain fatty acid production. Wheat
bran was readily fermented and produced a
high proportion of butyric acid, contrary to its
classification by NRC (2006) as a low fer-
mentable fibre source. Also Bosch et al. (2008)
found that wheat middling is readily fermented
by dog faecal inoculum, with a fermentation
pattern very close to that found in the present
paper. Pea hulls are a high fibre ingredient
with 830 g/kg of insoluble and 26 g/kg of solu-
ble fibre. Pea hulls have good fermentation
properties and SCFA production. Bosch et al.
(2008) also studied pea fibre that, in the pres-
ent study, presented similar fermentation
characteristics to PH. However, SCFA produc-
tion differed and could not be compared
because of differences in chemical composi-
tion and incubation time. 
Beet pulp and wheat bran are the most used

fibre source for dogs nutrition. Results from
the present study, together with those of
Sunvold et al. (1995a) and of Bosch et al.
(2008), suggest that the in vitro fermentation

of WB is comparable with that of BP, classifying
them also as moderate fermentable fibre
sources for dog diets. However, the fermenta-
tion pattern of BP and WB differed; WB pre-
sented a very high maximum fermentation
rate and a very short maximum fermentation
time, suggesting a more cranial and intense
gas production on dog gut than BP.
Furthermore, even if the total SCFA production
was similar (34.07 vs 37.04 mMol/g for WB and
BP, respectively), the amount of main SCFA
differed (acetate 16.5 vs 20.8, propionate 5.99
vs 9.37, butyrate 4.49 vs 1.65 mMol/g for WB
and BP, respectively) due to the great structur-
al complexity (i.e. sugar, starch, insoluble
fibres and pectins) of both substrates.
Psyllium seed showed low OMD (28.8%) but
moderate gas (214 mL/g OM) and very high
SCFA (41.24 Mmol/g OM) productions, and a
particularly high proportion of butyrate (>5%
of total SCFA). Psyllium gum has been widely
used in veterinary medicine to prevent consti-
pation, obesity and diabetes mellitus (Leib,
2000; Tortola et al., 2009). However, most pet-
food companies use ground psyllium seeds
instead of psyllium gum because of their lower
cost and greater availability. The difference in
gum and seed chemical composition must be
considered during ingredient evaluation and
more data on psyllium seeds are required to
improve their use in diet formulation. Psyllium
seeds were composed not only by mucilage
(approximately 20%; Anderson and Fereman,
1935) as psyllium gum, but also by starch,
triglycerides and protein which alter the sub-
strate fermentation pattern and explain the
higher gas production. These differences in
chemical composition could explain the dis-
agreements with results of Sunvold et al.
(1995b). The seeds of psyllium also have a low
maximum rate of gas production and a delayed
Tmax, which could indicate that greater fermen-
tation takes place in the distal part of the gas-
trointestinal tract. 

Conclusions

The in vitro gas production technique was
useful for an in vitro screening of non-
digestible carbohydrates for dogs, separating
them according to fermentation kinetics,
organic matter disappearance and SCFA pro-
duction. Non-digestible carbohydrates could
differ widely from almost non-fermentable
(PC, CMC and SCF) to highly fermentable
(inulin, FOS and WB), fast fermented (inulin,
FOS and WB) or slowly fermented (YCW, BP
and PS), and with different molar ratios of
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SCFA and BCFA profiles. All these outcomes
have different consequences on hindgut and
dog health. Therefore, ingredients should be
chosen which result in higher production of
SCFA (particularly of butyric acid) and lower
BCFA as an indicator of less branched-chain
fatty acid production, which suggest reduced
protein fermentation. A selection of several
ingredients with different kinetic and end-
product characteristics can be made to design
diets to stimulate carbohydrate fermentation
along the entire tract. However, all considera-
tions on fermentability and SCFA production of
the tested substrates should be evaluated in
relation to gas production. Indeed, control of
intestinal gas production is an important goal
in selecting feed ingredients and diet formula-
tions in order to avoid undesirable effects such
as flatulence and soft faeces. 
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