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Effect of mannanoligosaccharides supplementation on caecal
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A total of 200 weaned (35 days) hybrid Hyla rabbits were randomly divided among five groups housed in bicellular cages
(20 cages per group). Between 35 and 60 days of age, the groups were submitted to the following treatments: group ANT
(positive control) fed a basal diet supplemented with antibiotics (colistin sulphate, 144 mg/kg; tylosin, 100 mg/kg; and
oxytetracyclin, 1000 mg/kg); groups MOS_0.5, MOS_1.0 and MOS_1.5 fed the basal diet supplemented with 0.5, 1.0 and 1.5 g/kg
mannanoligosaccharides (MOS), respectively; another group fed the basal diet without antibiotics or mannanoligosaccarides
supplementation (negative control). Along the trial, an episode of epizootyc rabbit enteropathy occurs so that in the control group
mortality rate was very high (78%) and survivor rabbits showed severe symptoms of disease (diarrhoea). Thus, the control group
was discarded from the trial. At 60 days of age, samples of caecal content were collected from 10 rabbits per group and used as
inocula for an in vitro gas production trial. At the end of fermentation (120 h of incubation), organic matter digestibility (OMd),
cumulative gas production, fermentation kinetics, pH, volatile fatty acid (VFA) and NH3 productions were measured. Inoculum from
MOS_1.0 rabbits showed the significant higher values of OMd (64.21%, P , 0.05), gas production (262.32 ml/g, P , 0.05),
acetate (96.99 mmol/g OM, P , 0.05) and butyrate (26.21 mmol/g OM, P , 0.05) than the other groups. Slight differences were
recorded among the groups ANT, MOS_0.5 and MOS_1.5. In addition, branched chain acids, in proportion to total VFAs, were
significantly higher in MOS_1.0 inoculum (0.04, P , 0.05). MOS are able to affect fermentation activity of caecal micro-organism,
but their activities seem not proportional to their level in the diet.
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Implications

The study of prebiotics as an alternative to antibiotics in
animal production is an actual and important topic con-
sidering the severe restriction of the European Union due
to the antibiotic resistance of several bacteria. In rabbit
production, mannanoligosaccharides (MOS) are considered
promising prebiotics. The confirmation of MOS as a valuable
alternative to antibiotics can reduce the environmental and
social impacts of rabbit production, giving greater con-
fidence to consumers, with potential positive economic
impact for the rabbit industry.

Introduction

The post-weaning period is very critical in rabbit, in particular
under intensive production, where often the periodic sani-
tary void is not actuated and high bacterial contamination

frequently occurs. In these conditions, the digestive system
of young rabbits can be considered in a not-stable balance,
which, in combination with ambient factors (diet, environment
and management stressors as indicated by Casagrande-Proietti
et al., 2009), can increase rabbit susceptibility to post-weaning
digestive disorders. Specific pathogens such as Escherichia coli
O103 or Clostridium spiriforme can lead to high mortality rate
after weaning (. 20%; Peeters et al., 1995) even if the most
common disorder in rabbit production is the occurrence of an
enteritis complex (epizootyc rabbit enteropathy), which is the
first cause of mortality in European rabbit industry (Dewree
et al., 2003). To prevent post-weaning digestive disorders,
prophylactic antimicrobial medication is normally used in
growing rabbits. However, the large use of antibiotics in animal
production can result in the occurrence of antibiotic-resistant
bacteria (Falcao-e-Cunha et al., 2007). As a consequence,
the European community on January 2006 banned the use of
antibiotic as growth promoter (EC Reg. 1831/2003). Prebiotics
and in particular mannanoligosaccharides (MOS), derived from
the outer cell wall of the yeast Saccharomyces cerevisiae, are- E-mail: bovera@unina.it
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considered promising alternative to antibiotics (Kocher, 2006).
Several authors investigated the effect of MOS v. antibiotics on
in vivo rabbit performance (mortality and growth rates, feed
intake), but did not find significant differences (Fonseca et al.,
2004; Pinheiro et al., 2004; Mourao et al., 2006). Recently,
Guedes et al. (2009) found that the addition of 2.0 g/kg MOS
to the diet increased volatile fatty acids (VFAs) concentration
in the caecum of growing rabbits, but Pinheiro et al. (2009)
observed that 1.0 g MOS/kg was not able to reduce the nega-
tive effect of low fibre diets on rabbit growth performance.
However, all the above-mentioned studies (Fonseca et al.,
2004; Pinheiro et al., 2004 and 2009; Mourao et al., 2006;
Guedes et al., 2009) showed that the addition of MOS to the
diets resulted in a better intestinal integrity and had a protective
effect against common pathogens. MOS are able to bind the
mannose receptors on the type 1 fimbriae of some pathogen
bacteria (as E. coli and Salmonella enteritidis) in order to pre-
vent their attachment to intestinal mucosa (Firon et al., 1983;
Spring et al., 2000). Because of their interaction with microbes,
MOS could have an effect on microbial components of
intestinal microflora and/or on their activity.

The in vitro gas production technique (IVGPT) was recently
used in rabbits in order to study feed digestibility in the
caecum (Stanco et al., 2003) as well as to assay the fer-
mentative activity of caecal microbiota (Bovera et al., 2006)
and the correlation between microbial populations of caecal
content and faeces (Bovera et al., 2008 and 2009). The aim
of this study was to evaluate the effect of diet supple-
mentation with different levels of MOS (0.5, 1.0 and 1.5 g/kg
of diet) compared with antibiotic supplementation on rabbit
caecal microbial fermentations using the IVGPT.

Material and methods

Animals and diets
An adaptation period to experimental diets, between 35
and 60 days of age, was carried out on a rabbit commercial
farm in Benevento, South of Italy (418160000 N, 148550000 E,
667 metres a.s.l.). In all, 40 animals from a total popula-
tion of 2736 hybrid Hyla rabbits weighing on average
751.7 6 56.0 g and weaned at 35 days of age (684 per
group) were randomly divided among four groups (40 rab-
bits per group) hosted in the same building, in bicellular
cages (26 3 46 3 35 cm height, two rabbits per cage, 20
cages per group). At the beginning of the trial, another
negative control group fed the basal diet without antibiotics
or MOS supplementation was performed, but it was dis-
carded from the trial after 2 weeks due to the very high
percentage of mortality rate (78%) and the severe symptoms
of the disease (diarrhoea) in the survivor animals. The basal
diet was analysed for dry matter (method number 934.01,
Association of Official Analytical Chemists (AOAC), 2004),
ether extract, ash, crude protein and crude fibre (method
number 945.18, AOAC, 2004), acid detergent fibre and acid
detergent lignin (method number 973.18, AOAC, 2004) and
amylase-treated neutral detergent fibre (method number
2002.04, AOAC, 2004). Rabbits were submitted to the following

treatments: ANT (antibiotic group, positive control) fed the
basal diet (Table 1) supplemented with antibiotics (colistin
sulphate, 144 mg/kg; tylosin, 100 mg/kg; and oxytetracyclin,
1000 mg/kg); MOS_0.5, MOS_1.0 and MOS_1.5 fed the basal
diet with 0.5, 1.0 and 1.5 g/kg MOS, respectively (Bio-Mos�R ,
Alltech Biotechnology, USA); negative control fed the basal
diet without antibiotics or MOS supplementation. Diets and
water were administered ad libitum along the trial.

In vitro gas production trial
The basal diet (without antibiotics or MOS supplementation)
was used as substrate to evaluate the fermentative char-
acteristics of rabbit caecal contents. Cumulative gas production
was measured according to the IVGPT method (slightly mod-
ified) proposed by Theodorou et al. (1994) . For each substrate,
1 g of sample (in triplicate per inoculum) was accurately
weighed in a 120 ml serum flask and 75 ml of anaerobic
buffered modified (without tripticase peptone) medium D
(Theodorou, 1993), and 4 ml of reducing solution were added.
The flasks were sealed with butyl rubber stoppers and alumi-
nium crimp seals and incubated at 398C until inoculation.

The samples of inocula (caecal contents) were collected in
the late morning (1130 h) in a specialised slaughter house on
10 rabbits per group, at 60 days of age from four groups: ANT,
MOS_0.5, MOS_1.0 and MOS_1.5. From the night before
slaughter, feed was removed and water was available.

Once the whole gastrointestinal tract had been isolated,
the individual caecal contents were collected and put into
pre-warmed thermos, filled to the brim in order to keep air
content to a minimum. After sampling, the material was
transported as soon as possible (about 1 h) to the labora-
tories. In the laboratory, 100 ml of each caecal content were
diluted with 100 ml of anaerobic medium, stirred for 5 min
and strained through six layers of gauze under CO2. The
retained solids were then mixed with 100 ml of medium and
homogenised in a blender for 20 s under CO2. The homo-
genate was then re-strained through six layers of gauze; the
resulting liquid was combined with the other strained fluid
and held at 398C under CO2 until use (final dilution 2 : 1
medium/caecal content; (Bovera et al., 2006).

The time taken to prepare caecal inocula was around
30 min. A syringe fitted with an 18-gauge (1.2 mm) needle
was used to inject 10 ml of caecal fluid into each flask.
Before inoculation, the displaced gas was allowed to escape

Table 1 Chemical composition of the basal diet

DM Ash CP EE CF NDF ADF ADL

% % DM

87.5 10.92 16.46 3.43 21.57 34.12 25.73 3.57

DM 5 dry matter; CP 5 crude protein; EE 5 ether extract; CF 5 crude fibre;
NDF 5 neutral detergent fibre; ADF 5acid detergent fibre; ADL 5 acid
detergent lignin.
Ingredients: dehydrated alfalfa meal, wheat middling, sunflower meal, alfalfa
hay, maize, sugar cane molasses, toasted soybean meal, calcium carbonate
and salt and soybean oil.
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and after inoculation the flasks were placed in an incubator
at 398C for 120 h. Three flasks per inoculum were prepared
without substrate and used as blank to correct data relative
to gas production, organic matter digestibility (OMd) and
VFA production.

Gas measurements and analysis at the end of incubation
Gas production was recorded at the following intervals post-
inoculation: 2, 4, 6, 9, 12, 14, 17, 21, 24, 29, 33, 37, 43, 48, 54,
68, 77, 96 and 120 h. Initial readings were taken at 2-h intervals
due to the rapid rate of gas production. The gas measurements
were made using a pressure transducer connected to a three-
way stopcock. The first outlet was connected to a pressure
transducer, the second to a disposable plastic syringe and the
third to a 23-gauge (0.6 mm) needle. Pressure readings (Pa)
were taken by inserting the needle, connected to the three-way
stopcock, through the stopper by withdrawing the accumulated
gas in a syringe until the transducer display unit showed zero
(equal to ambient pressure) and the volume of gas produced
was measured. The gas was discarded and the flasks, after
stirring, returned to the incubator. At the end of incubation
(120 h), the flasks were placed at 48C to terminate fermenta-
tion. The pH of each flask was recorded (Alessandrini Instru-
ment glass electrode, Jenway, Dunmow, UK; model 3030) and
two samples, each of about 10 ml of liquid were collected and
frozen before VFA (acetate (Ace), propionate (Prop), butyrate
(Buty), isobutyrate, valeriate and isovaleriate) and NH3 ana-
lyses. Substrate digestibility was estimated by filtering the
residues using pre-weighed sintered glass crucibles (Schott
Duran, porosity 2, Mainz, Germany) under vacuum. Residue dry
matter was determined by drying to a constant weight at
1038C, and OM by difference following ashing (5 h at 5508C).
Cumulative volumes of gas after 120 h of incubation were
expressed as percentage of the grams of OM incubated and
digested to obtain the OM cumulative volume (OMCV) and the
yield of OM (YOM), respectively.

After centrifugation and dilution of the samples with oxalic
acid (1 : 1 v/v), the VFAs were analysed by a gas chromato-
graphy method (ThermoElectron mod. 8000top, FUSED SILICA
Gaschromatograph (ThermoElectron Corporation, Rodano,
Milano, Italy) with OMEGAWAX 250 fused silica capillary col-
umn 30 m 3 0.25 mm 3 0.25 mm film thickness; analysis
temperature, 1258C; flame ion detector, 1858C; and carrier
helium, 1.7 ml/min; (Stanco et al., 2003)).

Branched chain proportion (BCP), a valuable index of
protein digestion, was determined as the sum of isobutyrate
and isovaleriate divided by the total VFA production.

NH3 was determined according to the method described
by Searle (1984). In short, the samples, after centrifugation
at 610.5 3 g for 10 min at room temperature (about 228C),
were diluted 10 times with water and then 1 ml of the pro-
duct was deproteinised using 10% trichloro-acetic acid. NH3

and phenol were oxidised by sodium hypochlorite in the
presence of sodium nitroprusside to form a blue complex.
The intensity was measured colorimetrically at a wavelength
of 623 nm. Intensity of the blue is proportional to the con-
centration of NH3 present in the sample.

Stoichiometric calculation
The theoretical gas production and OM fermentation were
estimated according to Groot et al. (1998) and were based
on the stoichiometric balance equations of Van Soest (1994)
by the use of the VFA production measured at the end of
fermentation. OM fermentation was expressed in glucose
equivalents (g), gases and acids in moles. It was assumed
that the glucose equivalents were fermented to form the end
products: Ace, Prop and Buty and the gases CO2 and CH4, as
well as being incorporated into microbial biomass. From the
stoichiometric equations it can be calculated that:

CO2 ðmmolÞ ¼ Ace ðmmolÞ=2þ Prop ðmmolÞ=4

þ 3Buty ðmmolÞ=2

CH4 ðmmolÞ ¼ Ace ðmmolÞ þ 2Buty ðmmolÞ � CO2 ðmmolÞ

The glucose consumption for production of VFA and gases
(OM fermented (OMf)) was calculated as:

OMf ðgÞ ¼ 162� ½ð2Ace ðmmolÞ þ 3Prop ðmmolÞ

þ 4Buty ðmmolÞ þ CO2 ðmmolÞ þ CH4 ðmmolÞ�

The OMf, as percentage of digested OM (g), was the yield
of fermented OM (YF). The yield of OM utilised for microbial
synthesis (YM, %) was estimated as 100 (YF, %; Groot et al.,
1998).

Curve fitting and statistical analysis
The data from cumulative gas production were fitted to the
equation of Groot et al. (1996):

G ðtÞ ¼ A=½1þ ðB=tÞc�

where G (ml/g OM) is the amount of gas produced per gram
of incubated OM; A (ml/g OM) is the potential gas produc-
tion; B (h) is the time after incubation at which half of A has
been reached; c is a constant determining the curve sharp-
ness. The maximum degradation rate (Rmax, ml/h) and the
time at which it occurs (Tmax, h) were calculated according to
the following equations (Bauer et al., 2001):

Rmax ¼ ½A� Bc � C � T ð�c�1Þ
max �=½1þ ðBcÞ � T�c

max�

Tmax ¼ B� ½ðC�1Þ=ðC þ 1Þ1=C �

All the fermentative characteristics were analysed by
ANOVA (SAS, 2000) using the model:

Yij ¼ mþ Ij þ �ij

where Y is the single observation; m is the general mean; I is
the inocula effect and e is the error.

Differences among means were evaluated by Tukey test
(SAS, 2000).
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Results

Table 2 shows the average fermentation characteristics of
the four inocula. MOS_1.0 group showed the highest
(P , 0.05) OMd at the end of fermentations. No differences
were recorded among the other three groups. In addition,
the cumulative gas production (Gas) was significantly
(P , 0.05) higher for MOS_1.0 inoculum. No differences
were recorded between MOS_0.5 and MOS_1.5 groups,
while ANT group showed the significantly (P , 0.05) lowest
value. When gas production was related to OM incubated
(OMCV) or fermented (YOM), no significant differences were
observed among MOS groups, but MOS_1.0 showed a
significantly higher gas production than ANT inoculum.
Potential gas production (A) was similar to MOS_1.0 and

1.5 groups, but MOS_1.0 group had average A value higher
than the MOS_0.5 and ANT groups.

MOS_1.5 group showed the highest (P , 0.05) fermentation
rate (Rmax) followed by MOS_1.0 and both MOS_0.5 and ANT
groups in which fermentation rates are statistically different
at P , 0.05. MOS_0.5 group showed a slower (P , 0.05)
fermentation kinetic (highest value of B and Tmax).

Table 3 reports the pH and the end products of the fer-
mentation by inoculum. MOS_1.0 had significantly lower
value of pH than ANT group. Great differences were recor-
ded for VFA production. MOS_1.0 inoculum showed the
highest production of Ace, being 39% and 44% higher than
ANT and MOS_1.5 groups, respectively. The lowest value of
Ace was recorded for MOS_0.5 group. No differences were
recorded between MOS_1.5 and ANT groups. Butyric acid
was produced in higher level by caecal content from rabbits
of MOS_1.0 group, but no significant differences were
observed in comparison with MOS_1.5 group. The same
trend was observed for Prop. MOS_1.0 group showed higher
production of isovaleric and valeric acids than MOS_0.5 and
ANT groups (P , 0.05) and similar to MOS_1.5 group. No
differences were observed on isobutyric acid. However, BCP
index resulted significantly (P , 0.05) higher for MOS_1.0
group. No differences were recorded among the other
groups. No differences were recorded for NH3 levels.

Table 4 shows the yield of OM utilised for YM (%) or for
fermentations (YF, %). MOS_1.0 group showed the higher
production of microbial biomass and, as a consequence, the
lowest amount of OMf.

Discussion

The higher percentage of OMd obtained with MOS_1.0
inoculum, accompanied, in general, by a significantly higher

Table 2 Organic matter digestibility, gas production and fermentation
kinetics of the tested inocula

ANT MOS_0.5 MOS_1.0 MOS_1.5 MSE P-value

OMd (%) 62.28b 62.88b 64.21a 61.71b 0.32 0.03
Gas (ml/g) 229.70c 240.11b 262.32a 245.51b 4.95 ,0.01
OMCV (ml/g) 279.91b 296.42a,b 318.60a 299.63a,b 40.92 ,0.01
YOM (ml/g) 449.52b 469.13a,b 509.21a 488.29a,b 157.31 ,0.01
A (ml/g) 246.90b 249.52b 261.51a 251.63a,b 19.91 0.02
B (h) 20.68b 22.37a 20.25b 17.34c 0.08 ,0.01
Tmax (h) 8.04a,b 9.19a 8.78a,b 7.58b 0.11 ,0.01
Rmax (ml/h) 7.27c 6.81c,d 7.91b 8.89a 0.02 ,0.01

ANT 5 inoculum from rabbits fed antibiotics; MOS_0.5, 1.0 e 1.5 5 inocula
from rabbits fed MOS at 0.5, 1.0 e 1.5 g/kg, respectively; OMd 5 organic
matter digestibility; OMCV 5 cumulative volume of gas by incubated organic
matter; YOM 5 cumulative gas production by digested organic matter;
A 5 potential gas production; B 5 time at which A/2 is produced;
Rmax 5 maximum fermentation rate; Tmax 5 time at which Rmax is reached;
MSE 5 mean square error.
a,b5P , 0.05.

Table 3 pH, volatile fatty acids (mmol/g OM) and NH3 (mmol/l) productions

ANT MOS_0.5 MOS_1.0 MOS_1.5 MSE P-value

pH 6.32a 6.27a,b 6.23b 6.27a,b 0.00 0.02
Acetate 69.46b 58.01b 96.99a 67.14b 12.27 ,0.01
Butyrate 15.58b 17.36b 26.31a 20.42a,b 4.52 ,0.01
Propionate 15.54a,b 14.60b 19.19a 17.23a,b 1.99 0.03
Isobutyrate 2.12 2.26 4.61 2.39 0.75 0.12
Valeric acid 1.42b 1.45b 1.92a 1.70a,b 0.02 0.02
Isovaleric acid 1.34a,b 1.11b 1.74a 1.40a,b 0.04 0.02
Total VFA 105.51b 94.79b 150.90a 110.28b 52.83 ,0.01
BCP 0.03b 0.03b 0.04a 0.03b 0.00 0.01
NH3 22.15 21.97 22.36 22.03 14.56 0.56

VFA proportion (% of acetate 1 butyrate 1 propionate)*

Acetate 69.0 64.5 68.5 64.0 – –
Butyrate 15.5 19.3 18.5 19.5 – –
Propionate 15.5 16.2 19.5 16.4 – –

OM 5 organic matter; VFA 5 volatile fatty acids; BCP 5 branched chain proportion; MOS_0.5, 1.0 e 1.5 5 inocula from rabbits fed MOS at 0.5, 1.0 e 1.5 g/kg,
respectively; ANT 5 inoculum from rabbits fed antibiotics; MSE 5 mean square error.
a,b 5 P , 0.05.
*Calculated on average values, statistical elaboration not possible.
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production of gas, indicates that caecal microflora selected
with the diet contained 1 g/kg of MOS have a higher fer-
mentative activity in respect of the carbohydrate sources of
the diet. The higher production of Ace with MOS_1.0
inoculum (Table 3) indicates a more intense fermentation of
structural carbohydrates (in particular, cellulose). In fact, it is
known (Van Soest, 1993) that acetic acid production is from
the fermentation of cellulolytic bacteria, while Buty and Prop
are from non-structural carbohydrates fermentations. It is
important to observe that during fermentations, mainly Ace
and Buty synthesis contribute to gas production. In fact, the
fermentation of 1 mole of glucose to Ace results in the pro-
duction of 1 mole of CO2 and 1 mole of CH4, and the fer-
mentation to Buty results in the production of 1.5 mole of
CO2 and 0.5 mole of CH4. On the other hand, the fermen-
tation of 1 mole of glucose to Prop does not result in a net
production of CO2 and requires a net input of reducing
equivalents, resulting in a decrease in CH4 production
(Ungerfeld and Kohn, 2006). Thus, the significantly higher
productions of Ace and Buty obtained with MOS_1.0
inoculum can justify the significantly higher gas production
and strongly suggest a higher fermentation activity of
microflora of both structural and non-structural carbohy-
drates. If we consider the sum of the three principles that
VFA produced along the fermentations in rabbit caecum
(acetate, butyrate and propionate) and express the average
value of each one as a percentage of this sum (Table 3), the
proportion of these VFA can be compared with the data
reported in the literature. Taking into account that, per
100 moles of VFA produced, 60 to 80 are Ace, 8 to 20 are
Buty and 3 to 10 are Prop (Gidenne, 1996), in our trial the four-
tested inocula showed the following proportion among Ace, Buty
and Prop: 69 : 15.5 : 15.5 for ANT inoculum; 64.5 : 19.3 : 16.2 for
MOS_0.5 inoculum; 68.5 : 18.5 : 13 for MOS_1.0 inoculum and
64 : 19.5 : 16.4 for MOS_1.5 inoculum. According to this report,
two interesting considerations can be made: first, MOS_1.0
inoculum showed the best proportion among the main VFA at
the end of fermentation; second, MOS_0.5 and MOS_1.5 inocula
showed very similar proportions. This, according to not many
differences among gas and VFA productions, suggests a similar
bacterial activity for the two inocula.

MOS_1.0 inoculum also showed a more intense fermen-
tative activity in respect of protein contained in the diet. This
assertion comes from the observation of the significantly
higher BCP value recorded for MOS_1.0 inoculum. Since
isobutyrate, isovaleric and valeric acids are produced,

respectively, from degradation of the amino acids valine,
leucine and proline (Van Soest, 1994), their higher produc-
tion suggests higher protein degradation (Bovera et al.,
2007). In addition, NH3 is an end product of protein fer-
mentation, but it is used for bacteria, in combination with
carbon chains produced from carbohydrates fermentation to
synthesise new amino acids for bacterial growth (Van Soest,
1994). NH3 content is not statistically different among
groups. Thus, in the case of MOS_1.0 inoculum not only the
fermentations of proteins and carbohydrates are more
intensive but also there is, probably, a better synchronism in
both carbohydrate and protein fermentation that allow to
bacteria to dispose of both carbon chains and NH3 for their
protein synthesis and thus for increasing bacterial biomass.
This is confirmed by the data reported in Table 4. MOS_1.0
inoculum showed significantly higher values of predicted
OM used for YM and, as a consequence, significantly lower
value of YF, estimated by VFA concentration, than the other
groups. The caecal microbial population of MOS_1.0 group
showed different fermentative activities: one from ANT
group and the other from MOS group, as referred. Compared
to the ANT group, this difference could be explained by
a different effect of MOS and antibiotics on microbial
population of the intestine. Antibiotics can improve sanitary
status of hindgut reducing subclinical infections through
pathogens killing. However, when large-spectrum antibiotics
were used, as in our trial, negative effects can involve
saprophyte bacteria (Kocher, 2006). MOS are able to bind
receptors on type 1 fymbriae of some pathogens reducing
their attachment to intestinal mucosa and improving intest-
inal environment for endogenous bacteria (Griggs and Jacob,
2005).

On the basis of our results, the concentration of MOS in
the diet is not strictly related to their effect on microbial
fermentations. It is easy to hypothesise that MOS at 0.5 g/kg
of diet is a not-sufficient concentration to create the better
condition for caecal endogenous micro-organisms. It is more
difficult to explain why the dose of 1.5 g/kg of MOS had no
similar or more favourable effects on microbial fermenta-
tions of 1.0 g/kg. Surely this result need to be further
investigated. However, we can hypothesise that at the
highest dose, MOS can interact also with saprophyte flora-
inducing modifications in hindgut microbial population or
fermentative activity. In our previous research using the
same experimental design of this experiment in which also
an episode of epizootyc rabbit enteropathy occurs (Bovera
et al., 2010), 1.0 g/kg of MOS was the best level to reduce
mortality rate and modify the composition of anaerobic
bacterial population, while no differences were recorded in
mortality rate between groups fed 0.5 and 1.5 g of MOS per
kilogram of diet. In the same trial, rabbits fed MOS at
1.0 g/kg showed the apparent digestibility coefficient of OM,
measured by the acid insoluble ash method, higher than the
other groups probably due to a better development of
intestinal villi. In the present trial, it was not possible to
study the morphology structure of intestinal mucosa, how-
ever, considering that Buty is the preferred energy substrate

Table 4 Yield of fermented organic matter (YF) and yield of organic
matter for microbial synthesis (YM) by groups

ANT MOS_0.5 MOS_1.0 MOS_1.5 MSE P-value

YF (%) 81.97a 81.98a 81.03b 81.86a 0.63 ,0.01
YM (%) 18.03b 18.02b 18.97a 18.13b 0.63 ,0.01

MOS_0.5, 1.0 e 1.5 5 inocula from rabbits fed MOS at 0.5, 1.0 e 1.5 g/kg,
respectively; ANT 5 inoculum from rabbits fed antibiotics; MSE 5 mean
square error.
a,b 5 P , 0.05.
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for colonocytes (Marty and Vernay, 1984), and the higher level
of Buty produced by MOS_1.0 inoculum can justify a better
intestinal environment and then a better absorption of nutrients.

Mourao et al. (2006), who measured VFA concentration in
caecal content of rabbits at 46 days of age, recorded higher
proportion of Ace and Buty in rabbits fed 1.0 g/kg of MOS in
respect of antibiotics, while the concentration of the same
VFAs is lower when MOS were used at 1.5 or 2.0 g/kg.
However, the authors did not comment this result.

Conclusions

MOS are able to make positive changes in microbial fermen-
tative activity of caecal content measured by IVGPT. However,
the effect of MOS increases with their concentration in the diet
up to 1.0 g/kg, being not advantageous increases the con-
centration to higher values. Since effects of 0.5 g/kg of MOS
were similar to that of antibiotics, we can hypothesise that this
concentration can be used with positive effect on microbial
caecal fermentations. However, the level of 1.0 g/kg seems to
have the best effect on microbial fermentations giving more
efficient feed utilisation.
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Comparison of rabbit caecal content and rabbit hard faeces as source of
inoculum for the in vitro gas production technique. Asian–Australian Journal of
Animal Sciences 11, 1649–1657.
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Journées de la Recherche Cunicole, ITAVI Ed., Paris, France, 251–254.

EC Council 2003. Regulation on additives for use in animal nutrition. No. 1831/
2003/EC 22 September 2003. Official Journal of European Community, L 268/29.
Retrived October 18, 2003, from http://eur-lex.europa.eu/LexUriServ/LexUri-
Serv.do?uri5OJ:L:2003:268:0029:0043:EN:PDF

Falcao-e-Cunha L, Castro-Solla L, Maertens L, Marounek M, Pinheiro V, Freire J
and Mourao JL 2007. Alternatives to antibiotics growth promoters in rabbit
feeding: a review. World Rabbit Science 15, 127–140.

Firon N, Ofek I and Sharon N 1983. Carbohydrate specificity of the surface
lectins of Escherichia coli, Klebsiella pneumoniae, and Salmonella typhimurium.
Carbohydrate Research 120, 235–249.

Fonseca AP, Falcao L, Kocher A and Spring P 2004. Effect of dietary mannan
oligosaccharide in comparison to oxitetracyclin on performance of growing
rabbits. In Proceedings 8th World Rabbit Congress, Puebla, Mexico, C. Becerril
and A. Pro (ed.), Puebla, Mexico, pp. 829–833.

Gidenne T 1996. Nutritional and ontogenic factors affecting the rabbit caeco-
colic digestive physiology. In Proceedings of the 6th World Rabbit Congress (ed.
F Lebas ), pp. 13–28. INRA, Toulouse.

Griggs JP and Jacob JP 2005. Alternatives to antibiotics for organic poultry
production. Journal of Applied Poultry Research 14, 750–756.

Groot JCJ, Cone JW, Williams BA, Debrasques FMA and Lantinga EA 1996.
Multiphasic analysis of gas production kinetics for in vitro fermentation of
ruminants feed. Animal Feed Science and Technology 64, 77–89.

Groot JC, Williams BA, Oostdam AJ, Boer H and Tamminga S 1998. The use of
cumulative gas and volatile fatty acid production to predict in vitro fermentation
kinetics of Italian ryegrass leaf cell walls and contents at various time intervals.
The British Journal of Nutrition 79, 519–525.

Guedes CM, Mourao JL, Silva SR, Gomes MJ, Rodrigues MAM and Pinheiro V
2009. Effect of age and mannanoligosaccharides supplementation on
production and volatile fatty acids in the caecum of rabbits. Animal Feed
Science and Technology 150, 330–336.

Kocher A 2006. Interfacing gut health and nutrition: the use of dietary pre and
probiotics to maximize growth performance in pigs and poultry. In Antimicrobial
growth promoters (ed. D Barug, J de Jong, AK Kies and MWA Verstegen), pp.
289–310. Wageningen Academic Publishers, The Netherlands.

Marty J and Vernay M 1984. Absorption and metabolism of the volatile fatty
acids in the hindgut of the rabbit. The Journal of Nutrition 51, 265–277.

Mourao JL, Pinheiro V, Alves A, Guedes CM, Pinto L, Saavedra MJ, Spring P and
Kocher A 2006. Effect of mannan oligosaccharides on the performance,
intestinal morphology and caecal fermentation of fattening rabbits. Animal Feed
Science and Technology 126, 107–120.

Peeters JE, Maertens L, Orsenigo R and Colin M 1995. Influence of dietary beet
pulp on caecal VFA, experimental colibacillosis and iota-enterotoxaemia in
rabbits. Animal Feed Science and Technology 51, 123–139.

Pinheiro V, Alves A, Mourao JL, Guedes CM, Pinto L, Spring P and Kocher A
2004. Effect of mannan oligosaccharides on the ileal morphometry and caecal
fermentation of growing rabbits. In Proceedings of the eighth World Rabbit
Congress. Puebla, Mexico, pp. 936–941.

Pinheiro V, Guedes CM, Outor-Monteiro D and Mourao JL 2009. Effect of fibre
level and dietary mannanoligosaccharides on digestibility, caecal volatile fatty
acids and performances of growing rabbits. Animal Feed Science and
Technology 148, 288–300.

SAS 2000. SAS/STAT users guide: statistics. SAS Institute Inc., Cary, NC, USA.

Searle PL 1984. The berthelot or indophenol reaction and its use in the analytical
chemistry of nitrogen. A review. Analyst 109, 549–568.

Spring P, Wenk C, Dawson KA and Newman KE 2000. The effects of dietary
mannanoligosaccharides on caecal parameters and the concentrations of
enteric bacteria in the ceca of salmonella-challenged broiler chicks. Poultry
Science 79, 205–211.

Stanco G, Di Meo C, Piccolo G and Nizza A 2003. Effect of storage duration on
frozen inoculum to be used for the in vitro gas production technique in rabbit.
Italian Journal of Animal Science 2, 265–270.

Theodorou MK 1993. A new laboratory procedure for determining the fermenta-
tion kinetics of ruminants feeds. Ciencia e Investigacion Agraria 20, 332–344.

Theodorou MK, Williams BA, Dhanoa MS, McAllan AB and France J 1994. A
simple gas production method using pressure transducer to determine the
fermentation kinetics of ruminant feeds. Animal Feed Science and Technology
48, 185–197.

Ungerfeld EM and Kohn AN 2006. The role of thermodynamics in the control of
ruminal fermentation. In Ruminant physiology (ed. K Sejrsen, T Hvelpund and
MO Nielsen), pp. 55–85. Wageningen Acedemic Publishers, The Netherlands.

Van Soest PJ 1993. Cell wall matrix interactions and degradation – Session
synopsis. In Forage cell wall structure and digestibility (ed. HG Jung, DR Buxton,
RD Hatfield and J Ralph), p. 377. ASA-CSSA-SSSA, Madison, WI.

Van Soest PJ 1994. Nutritional ecology of the ruminant, 2nd edition. Comstock
Publishing Associates, Ithaca, NY, pp. 354–370.

Mannans effect on rabbit hindgut fermentations

1527


