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ABSTRACT

In vitro gas production kinetics of soybean meal (SBM) sumaflower meal (SFM) were determined
using three different inocula prepared from caecamtents of 78-day old rabbits of Slovenian meat
line SIKA. The first inoculum was prepared from caen contents of rabbits fed diet supplemented
with 0.5% of chestnut wood extract (CWE) in thenfioof powder (POWD), the second one from
caecum contents of rabbits fed diet supplementéd Ov6% of CWE coated with plant oil (COAT),
while the third inoculum was prepared from caecumtents of rabbits not supplemented with CWE
(CONT). Gas productions were measured over 60 imafbation and obtained gas volumes were
modelled with Gompertz model. The total potentias$ gproductions (parameter “B” of the Gompertz
model) were higher (P<0.05) when SBM and SFM wecsihated in POWD (147 and 108 ml/g DM
for SBM and SFM) than in CONT (137 and 97 ml/g Dot 8BM and SFM). The highest parameter B
was obtained for SBM when COAT was used (170 mig) Dvhile for SFM the highest parameter B
was obtained when POWD (108 ml/g DM) was used. Wiath substrates were incubated in POWD
they had shorter time of maximum fermentation (@dFR: 10.0 and 7.4 h for SBM and SFM) and
higher maximum fermentation rate (MFR: 4.73 and66rdl/h for SBM and SFM) than when
incubated in CONT (TMFRs of 16.0 and 12.0 h for SBMI SFM, respectively, and MFRs of 3.58
and 4.07 ml/h for SBM and SFM, respectively) or CO@MFRs of 18.4 and 12.2 h and MFRs of
2.96 and 4.39 mi/h for SBM and SFM, respectiveliy)the first 8 h of fermentation, higher (P<0.05)
amounts of gas were produced from substrates itetiba POWD (44 ml for both SBM and SFM)
than in CONT (24 and 20 ml for SBM and SFM, respety) and COAT (34 and 27 ml for SBM and
SFM, respectively). These results suggest that @ddEas the powder reaches the caecum increasing
the caecal microbial fermentation, while CWE coatétth plant oils (COAT) decreases the activity of
CWE in the caecum, especially in the first 8 hoofrdermentation. The caecal microorganisms are
assumed to degrade the coating around CWE only wiemcubation in the caecum is long enough,
allowing to CWE to increase the fermentation. Téfifect was more evident in the fermentation of
SBM, suggesting that the crude protein (CP) cortésubstrates (515 vs. 388 g/kg DM for SBM and
SFM, respectively) could affect the kineticsim¥itro fermentation.
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INTRODUCTION

In intensive rabbit breeding the mortality is oft@ry high and lead to high economic losses (Cheeke
1987). The predominant reasons of mortality in gngwabbits are digestion disturbances, which are
in majority of cases the consequence of inadequatgion. The influence of nutrients on microbial
activity in rabbit caecum is very important, beaus is directly linked to the rabbit health. To
stabilise the caecal microbial fermentation varidaed additives could be used. Among these
(poly)phenolics, especially tannins, have greatepil. Published results showed that tannins
influences microbial activity in caecum (Struklecal, 1993), improve production results (Struklec
and Kermauner, 1994) and reduce mortality in rabfStruklecet al, 1993; Atta and Mouneir, 2005;
Maertens and Struklec, 2006).
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In Slovenia and some other European countries weetschestnutsQastanea sativaMill.) wood
extract (CWE), containing mostly hydrolysable tarsiis frequently used in intensive rabbit breeding
to control digestive disturbances. Tannins form plaxes with proteins (Mangan, 1988; McLeod,
1974), thus forming thin layer of nonsolvent progeon the surface of intestinal mucous membrane,
which protects brush border from microbial coloti® appeases peristaltics in the case of
inflammation and prevents the dehydration (Farm&t888). Complexes between tannins are more or
less stable; however tannins form also complexdh amino acids, polysaccharides, metal ions,
vitamins, bacterial cell membranes and enzymeslvedoin protein and carbohydrate digestion
(Makkar, 2003; Grm, 2006). Formation of these cares can provoke negative effects in upper part
of GIT: reduces digestibility of nutrients and harmucous membrane of small intestine, especially
when higher concentrations of tannins are usedh@wgontrary, in lower part of GIT tannins can have
favourable effects, because they could directlgafthe activity of microbes by binding on theill ce
membranes (Buttest al, 1999; McSweenegt al, 2001). To take advantage of positive effectstand
reduce or eliminate the negative effects, tannmailsl be protected against digestive processdwein t
upper GIT, allowing them to react specifically retlarge intestine. To investigate this hypothess
fed tannins coated with plant oils (Polaris, Frartoegrowing rabbits and used their caecum contents
as inoculum to determine thevitro caecal microbial activity.

The caecal microbial activity could be evaluatedhgisn vitro gas production technique. This
technique is frequently used to examine the agtioit the GIT microflora using various inocula
prepared from rumen fluid (Menke and Steingass, 819Bavrergi¢c and Stefanon, 2001),
gastrointestinal tract and faeces of pigs (Bate, 2004; Bindellest al, 2006) and caecum contents
of rabbits (Marounekt al., 1997, 2000; Calabret al, 1999; Lavreti¢, 2007a, b; Kermauner, 2007).
The aim of the study was to compare thevitro gas production kinetics of two protein sources,
soybean and sunflower meal, incubated in inocugpgmed from caecum contents obtained from
rabbits fed with diets supplemented with CWE infibren of powder and coated with plant oils.

MATERIALSAND METHODS
Substrates

Two protein feeds, soybean meal (SBM, 515 g CP/M) Bnd sunflower meal (SFM, 388 g CP/kg
DM) were chosen because they are most commonly asegrotein sources in rabbit diets. Both
substrates were milled to pass 1 mm screen bdfeir vitro trial.

In vitro fermentation

Manipulations and selection of animals and the grajon of inoculum were performed according to
the methods described by Calatebal. (1999) and Lavretfic (2007). Two New Zealand White
rabbits (Slovenian meat line SIKA) were fed the omncial compound feed (Krka, Novo mesto,
Slovenia; CONT), two animals were fed the same aamg feed supplemented with 0.5% of CWE
powder (POWD; commercial product Farmatan®, 75%aahins, the rest are natural sugars), Tanin
(Sevnica, Slovenia), while two animals receiveddbmpound feed supplemented with 0.6% of CWE
(Tanin, Sevnica, Slovenia) coated (COAT) with plais (16% of oil, Polaris, France). Diets were
offeredad libitumfrom weaning at 35 days of age. The animals waceificed at 78 days of age and
the caeca were isolated by tying off the two exitieswith nylon string to prevent movement of the
digesta. The inocula were prepared mixing the taecam contents of animals fed CONT, POWD or
COAT compound feed. Further manipulations werequeréd according to Lavréi€ (2007).

Calculations and statistical analysis
The gas produced at different times of incubati@s worrected for the amount of gas produced from
blank samples at the corresponding times withirhe@petition and type of inoculum. Obtained

values were also corrected for the dry matter (@bhtents of samples. Corrected values were then
fitted to the Gompertz model (Lavr&d et al, 1997). Parameter values and curve fitting were
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estimated by the Marquard compromise of a nondimegression method, using SAS software (Proc
NLIN) (SAS, 1994). From the estimated parametersGoimpertz model other parameters were
calculated: maximum fermentation rate (MFR; mithjie of maximum fermentation rate (TMFR; h),
the delay in fermentation at the start of incubaijbAG; hours) and volume of gas produced until 8
hours of incubation (Gas8). Data concerning feria@m kinetic parameters (parameters B, C, A,
LAG, MFR, TMFR and Gas8) were tested for significarby analysis of variance using the Scheffe
test (SAS, 1994) with the model were substratetgpel of inoculum were fixed effects.

RESULTSAND DISCUSSION

The estimated parametersinfvitro gas production are reported in Table 1 where tam reffects of
substrate and type of inoculum are also preseiitegke were significant differences in fermentation
kinetic parameters (P<0.001) according to the tgpanoculum and substrate. The interactions
between substrate and type of inoculum were algnifsiant (except for parameter C). The total
potential gas production (parameter B of Gompenzief) was the lowest when both substrates were
incubated in CONT. On the contrary, Roth (2003) 8nda and Lavrefi¢c (2007) incubated different
substrates in inoculum prepared from rumen fluid &ound that gas production decreased with
increasing concentrations of CWE. However, Grm {208etermined thain vitro growth and
proteolytic activity of two species of rumen bacédncreased in the presence of CWE. These results
are in accordance with our results, where the lsigpbarameters B were obtained when SBM was
incubated in COAT and when SFM was incubated in BOW

Table 1. Parameters of the Gompertz model of soybean amehkunflower meal

BT

+ T
Substrate Inoculum (ml/g DM) C A
Soybean meal (SBM) CONT 137 3.1r 0.07f
POWD 147 2.3¢' 0.088
COAT 176 2.4 0.047F
Sunflower meal (SFM) CONT §7 3.92 0.114
POWD 108 3.08 0.153
COAT gg'e 3.39 0.12¢
RMSE 5.3 0.124 0.0127
Statistical significance
Substrate *k%k *kk *kk
|nOCU|LIm *kk *kk *kk
Substrate x inoculum bk *x

T B = asymptotic amount of the produced gas (totéémteal gas production), C = specific gas productiae, A =
the decay in specific gas production rate

abed= means in columns with different superscriptssigaificantly different at the level P < 0.05

8= root mean square error

However, the parameter B is normally obtained after prolonged incubation of substrates in the
inocula. During these prolonged incubations theabeicroorganisms are able to degrade the coating
around CWE (COAT), releasing it into the medium alidwing it to react with (remaining) substrate,
microbial enzymes and/or cell walls. Such effecs waident especially for SBM and could be related
to higher content of crude protein (CP) in SBM thasSFM (515 vs. 388 g/kg DM, respectively). In
addition to the estimated parameters of gas pramu¢parameters B, C and A of Gompertz model)
the calculated parameters such as the delay okfdéation at the start of incubation (LAG), maximum
fermentation rate (MFR), time of maximum fermerdatrate (TMFR) and gas produced until 8 h of
incubation (Gas8) help to describe better the fatat@on pattern of the substrates (Table 2). Adistin
parameters were significantly (P<0.05) affectedthiy substrate, type of inoculum and interaction
between the substrate and the type of inoculum.e@#y, when both protein substrates were
incubated in POWD, the fermentation started eafliee shortest TMFR and LAG) and was more
intensive (the highest MFR and Gas8) than in CONTCOAT (Table 2). The higher activity of
anaerobes growing in the presence of CWE was alsfirmed by Grm (2007) who found increased
in vitro proteolytic activity of two species of rumen bagieincubated in the medium containing
CWE.
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Table 2: Lag phase (LAG), maximum fermentation rate (MFiRhe of maximum fermentation rate
(TMFR) and gas produced till 8 hours of incubat{@as8) from soybean meal and sunflower meal

Substrate Inoculum LAG MFR TMFR Gas8
(h) (mi/h) (h) (mlig DM)
Soybean meal (SBM) CONT Po 3.5¢ 16.0° 24°
POWD 1.4 473 10.0 44
COAT 3.0 2.96 18.4 3
Sunflower meal (SFM) CONT F2 4.07 12.¢0 20°
POWD 0.8 6.06' 7.8 44
COAT 1.8 4.39° 10.2 27
RMSE 0.44 0.23 0.95 1.5
Statistical significance
Substrate *kk *k% *%k% *%k%
Inoculum *k% *%k% *k% *%k%
Substrate x inoculum ok *x e *

abed=means in columns with different superscriptssagaificantly different at P < 0.05
8= root mean square error

We suppose that CWE added to the rabbit diets aslgrowas not digested before the caecum, thus
influencing the microbial activity in the caecumn Ghe contrary, coating of CWE with plant oils
(COAT) neutralized the function of CWE, especiailty the first 8 hours of fermentation, which
correspond to normal retention time in caecum (@idge 1997). The oil coating was probably
destroyed by ceacal microorganisms with prolongemibation and then the released CWE could
affect caecal fermentation (see parameter B ineldlpl The effect of coating was stronger with the
incubation of SBM than with the incubation of SFVhish had similar fermentation kinetics
parameters when incubated in COAT and CONT.

Roth (2003) incubated different protein substréseybean meal, rapeseed meal and peagjro in

the culture prepared from rumen fluid containingré@asing amounts of CWE powder and noted that
the LAGs and TMFRs prolonged and MFRs decreasedileé8iresults were obtained also by Sivka
and Lavregi¢ (2007), who incubated pure cellulose in the inooulprepared from rumen fluid
containing increasing amounts of CWE powder. On ¢betrary, in the present study LAGs and
TMFRs of substrates incubated in POWD were alwdystsr than those incubated in CONT. We
suppose that differences between the present andiyhose where rumen fluid was used (Roth, 2003;
Sivka and Lavreti¢, 2007) can be explained by the fact that in stdi@th rumen fluid higher
concentrations of CWE were used, and because iprigsznt study CWE was subjected to digestive
processes in the rabbit stomach and small intestines its chemical composition and activity was
changed. Another reason is that the number, typleaativity of microorganisms in caecal content
differ from those in rumen fluid.

CONCLUSIONS

The main purpose of coating the chestnut wood exf@WE) was to achieve the protection of
tannins against the changes due to the action dfobfloric acid in the stomach and digestive
enzymes in the small intestine. Protected CWE thillsexhibit its beneficial effects, such as comtro
of potentially harmful microorganisms in the laigéestine and caecum. However, we observed only
moderate differences in fermentation pattern infitgt few hours between substrates incubated in
inocula prepared from caecum contents of animalsivang diets without CWE and those receiving
coated CWE. This suggests that the method useddating CWE was not appropriate. On the
contrary, the supplementation of rabbit diets VBWE in the form of powder positively affected the
gas production until 8 h of fermentation and shwtk the lag phase and time of maximum
fermentation rate, suggesting that CWE supplemetutetie diet as powder reached the caecum and
increased the activity of caecal microbes. Theceffeas evident especially for SBM and could be
related to higher content crude protein (CP) in StBlh in SFM (515 vs. 388 g/kg DM, respectively).
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