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SUMMARY
The ruminal and caecal contents from

seven lambs fed on a concentrate diet were used

to study in vitro fermentation. Four hour
incubations were carried out without added
substrate and with two substrates: starch and
xylan. There were differences between ruminal
and caecal fermentation for most of the studied
parameters. Total VFA production was higher
(P<0.001) with the caecal inoculum than with the
ruminal one when they were incubated without
substrate, with also higher (P<0.001) Ac/Pr ratio
and molar proportions of acetate and butyrate.
When starch was incubated with ruminal fluid,
total VFA production almost doubled (P<0.001)
the one obtained when caecal contents were
used, and consequently, final pH was significantly
lower (P<0.001). Fermentation pattern was
different with both inocula when starch was
incubated and lower (P<0.001) acetate and
butyrate molar proportions and higher (P<0.001)
propionate with ruminal fluid than with caecal
inoculum. Methane production was higher
(P<0.05) when starch was incubated with ruminal
than with caecal fluid, resulting in a higher
(P<0.01) hydrogen recovery (96 vs 52o/o for
rumen and caecum, respectively). For xylan, total
VFA production and Ac/Pr ratio were higher and
(P<0.01) in the caecal fermentation than with the
ruminal inocula. Molar proportions of the main
VFA followed the same trend with xylan than with
starch, with lower (P<0.01) acetate and butyrate
and higher (P<0.001) propionate molar
proportion when ruminal inocula were used.

Methane production was higher (P<0.05) when
xylan was incubated with caecal fluid, but
hydrogen recovery was lower (P>0.001) than the
calculated for ruminal fluid. Lower values for
hydrogen recoveries with the caecal inocula are
an indicator that there are alternative hydrogen
sinks not appearing in the stoichiometric
equaüon, such as reductive acetogenesis. The
results point at a high difference between rumen
and hindgut fermentation when both inocula
where used for in vitro incubations.
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INTRODUCTION
Ruminants have the ability to convert

fibrous materials to quality protein for human
consumption, but plant cell walls can be only
utilised by the ruminant after their fermentation
by the microbial population found in the digestive
tract. Such fermentation takes place mainly in
two sites, the rumen and the hindgut, were
volatile fatty acids (VFA), methane and microbial
biomass are the end products. In spite of
similarity in rumen and hindgut fermentation
there exists important differences between both
habitats in the nature of substrates available for
fermentation and in the microbial populaüons, as
well as in the stoichiometry of fermentation. In
this sense, optimal energy yield of fermentation
requires continuous removal of metabolic
hydrogen and electrons in sinK by the activity of
hydrogen utilising methanogenic, acetogenic and
sulphate-reducing bacteria (Demeyer et 01.,

1996). Recent research has focused on the
differences on hydrogen disposal between the
rumen and the hindgut; whereas in the rumen
methanogenesis dominates over hydrogen
disposal, in the hindgut sulphate reduction and/pr
reductive acetogenesis have been identified as
major alternative pathways.

Although the rumen is the most
impoftant fermentation chamber in the
ruminants, hindgut digestion may become
important when substrate degradability in the
rumen decreases, as it occurs with diets
containing high amounts of concentrates or fat.
The purpose of this paper is to compare the
fermentation characteristics in the rumen and
hindgut of growing lambs fed a concentrate diet.

MATERIAL AND METHODS
The ruminal and caecal inocula were

obtained from seven lambs immediately after
slaughtering. The lambs have been fed ad libitum
on a diet containing (fresh matter basis) barley
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(50o/o), corn (30o/o), soybean meal (160/o),
calcium bicarbonate (7%o) and vitam¡ns and
m¡nerals (3olo), and were slaughtered at 25 kg
live weigth. Chemical composition of the diet is
given in Table 1. Caecal contents were diluted
with the buffer solution of Goering and Van Soest
(1970) in a proportion 1:4 (w:v) at 39oC under
continuous flushing with CO2, homogenised and
then filtered through four layers of cheesecloth,
while ruminal contents were first strained through
four layers of cheesecloth and then mixed with
the same buffer solution in a proportion 1:4 (v:v)
in the same conditions. Two substrates were
used: a mixture of starch (40olo wheat, 40o/o
barley and 20o/o potato starch) and oat spelts
xylan (Sigma, Madrid, Spain). Samples of 500 mg
of each substrate were accurately weighed into
f20 ml serum bottles that were prewarmed
(39oC) prior to the addition of 50 mf of buffered
ruminal or caecal contents into each bottle under
CO2 flushing. Two bottles per inoculum and
animal were also incubated without substrate
(blanks). Bottles were sealed with rubber
stoppers and aluminium caps and incubated at
390C.
Table 1. Chemical composition of the
experimental diet (g/kg dry matter)

Value

Madrid, Spain), with helium as the carrier gas.
The volume of gas produced was corrected for
standard conditions (p= I atm; T=273 oK), and
the amount of €H+ produced was calculated by
multiplying the gas produced by the
concentration of CH+ in the analyzed sample.

The amount of VFA produced was
obtained by subtracting the amounts present
initially in the incubation medium from those
determined at the end of the incubation period.
Gas production after 4 h of incubation was
corrected for gas release from endogenous
substrates for each inoculum. The stoichiometric
hydrogen recovery was calculated from the VFA
formed and the methane produced as described
by Demeyer and van Nevel (1975). Data were
subjected to one-way analysis of variance with
lamb and inocula (rumen vs caecum) as main
effects.

RESULTS AND DISCUSSION
Table 2 shows the mean values of the

fermentation end products, hydrogen recovery
and final pH, for in uitro incubation with ruminal
and caecal contents without substrate (blanks)
and with starch and xylan. Gas production in
blanks was too low for methane analysis, and
therefore, methane productions and hydrogen
recoveries are not given.

There were differences between
ruminal and caecal fermentation for most of the
studied parameters, but the results are difficult to
compare with those found in the literature. Diet
fed to the inocula donors is not stated in most of
the papers, and incubated substrates vary widely,
and both factors can afiect fermentation
parameters in vitro. Total VFA production was
higher (P<0.001) with the caecal inoculum than
with the ruminal one when they were irrcubated
without substrate, with also higher (p<0.001)
Ac/Pr ratio and molar proportions of acetate and
butyrate. These differences may be party
attributed to differences in endogenous substrate
added with both inocula.
When starch was incubated with ruminal fluid,
total VFA production almost doubled (p<0.001)
the one obtained when caecal contents were
used, and consequently, final pH was lower
(P<0.001). As lambs were fed on a high
concentrate diet, it is expected that a well
adapted amilolytic flora was present in the
ruminal inocula used, thus allowing for a higher
starch fermentation in the rumen compared to
the caecum, Fermentation pattern was different
with both inocula when starch was incubated, as
it is revealed by their different (P<0.001) Ac/pr

Organic matter
Neutral-detergent fi ber
Acid-detergent fiber
Crude protein
Crude fat

917
150
49.5
156
3.99

Bottles were withdrawn from the
incubator 4 h after inoculation and total gas
production was measured using the pressure
transducer technique (Theodorou et al. 1994). A
gas sample was removed from each bottle and
stored in a Haemoguard Vacutainer before
analysis for CHa concentration. Boftles were
uncapped, the pH was measured immediately
with a pH meter, and the fermentatíon was
stopped by swirling the bottles in ice. One sample
(1 ml) was added to 1 ml of deproteinizing
solution (10olo metaphosphoric acid and 0.060/o
crotonic acid; w/v) for volatile fatty acid analysis
(vFA),

Volatile fatty acids were determined in
centrifuged samples by gas chromatography as
described by Carro et al. (1999). Methane was
analysed with a gas chromatograph (Shimadzu
GC 14B; Shimadzu Corporation, Kyoto, Japan)
equipped with a flame ionization detector and a
column packed with Carboxen 1000 (Supelcof
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ratio (0.85 vs 3.7I for rum¡nal and caecal

fermentations, respectively). Acetate and
butyrate molar proportions were lower (P<0.001)
and propionate was higher (P<0.001) with
ruminal fluid than with caecal inoculum. Methane
production was higher (P<0.05) when starch was
incubated with ruminal than with caecal fluid,
resulting in a higher (P<0.01) hydrogen recovery
(96 vs 52olo for rumen and caecum, respectively).

In contrast, for xylan total VFA
production was higher (P<0.01) in the caecal

fermentation than in the ruminal one, suggesting
a better ability of the caecal microflora to

degrade structural carbohydrates when the
ánimal is fed a high concentrate diet. Ac/Pr ratio
was also higher (P<0,001) with caecal inocula.
Molar proportions of the main VFA followed the
same trend with xylan than with starch, with
lower (P<0,01) acetate and butyrate and higher
(P<0,001) propionate molar proportion when
ruminal inocula were used, Methane production
was higher (P<0.05) when xylan was incubated
with caecal content, but hydrogen recovery was
lower (P>0.001) than the calculated foi ruminal
fluid.

Table 2. Mean values (t SE) of fermentation end products, hygrogen recovery and final pH for incubations
(4 h) of ruminal and caecal contents, without substrate (blank) or with added starch and xylane

Blank (n=14) Starch (n=7) Xylan (n=7)
Rumen Caecum Rumen Caecum

Total VFA
(¡:mol)
Ac/Pr

Acetate (o/o)

Propionate (o/o)

Butyrate (o/o)

Isoacids (o/o)

259+30.5 654+84.1x*x

t.77t0.040 3.73*0.097**
x

60.4*L.79 69.0*0.91xxx
23.5rr.77 t9.7*0.73x
7.58+0.149 9,04+0,192xx

x

9.06+0.805'E,Sg*O.qg+**
*

Methane (pmol) 259t34.5 L64*I2.9* 94+15.3 148+13.0x
o/o 2H recovery 96.1+3.20 52.4*4,00x** 74.6+t'92 47.4+2.89***

oH 6.90*0.023 6.85É0.02i 6.35+0.036 6.67+0.036xxx 6.74*9.940 6.71+0.038

Rumen vs Caecum: x: P<0.05; xx: P<0.01; xx*' P<0.001

For both substrates, hydrogen recovery
values were significantly lower with the caecal
inocula than with the ruminal fluid, and these
values are in line with those found in the
literature. In batch cultures using rumen fluid as
inoculum, hydrogen recoveries range from B0 to
100o/o, whereas values obtained from incubations
with hindgut contents are less than 70o/o

(Demeyer and Fievez, 2000). Lower values for
hydrogen recoveries with the caecal inocula are
an indicator that there are alternative hydrogen
sinK not appearing in the stoichiometric model
accepted for anaerobic ruminal fermentation. An

alternative pathway for hydrogen disposal is the
reduction of COz to acetate by acetogenic
bacteria under anaerobic conditions, In the
present study, acetate proportions were higher in

the caecal than in the ruminal fermentations for
both substrates. Reductive acetogenesis has been

reported as a substantial source of acetate in the
hindgut (Demeyer and De Graeve, 1991;
Demeyer and Fievez, 2000). When starch was
incubated, lower methane production occurred in

3048+81.4 1655+123.3xxx

0.85+0.025 3.71+0.31zxxx

4t.9+0.69 65.9*2.42xxx
52.L*0.87 r9.3+2.24xxx
3.96+0,435 14.2+0.85xxx

L96*0.2L2 0.90+0.14lx

1188*85.0 1493*99.2xx

1,34*0.043 4.t2+9.252x*
*

53.0+0,88 72.t*0.7Ix**
41.1+0.96 17,0*1.45xx*
4.24*0.489 10.7+0.99xx

1,62+0.450 0,89+0.091

the caecum inoculated boüles than in the rumen
ones. Lower production of methane in the
hindgut as compared to the rumen have been
reported in some experiments (Demeyer and De
Graeve, 1991; Varadyova et al., 2000), but the
substrates and conditions were different and,
therefore, comparison of data is rather difficult.
As stated by Demeyer and De Graeve, (1991),
methanogenesis is an important sink for
metabolic hydrogen disposal in the rumen and
the hindgut, but reductive acetogenesis may
become impoftant under cedain conditions,
increasing the energetic yield in the host animal .

coNcLusroN
The results point at a high difference

between rumen and hindgut fermentation when
both inocula where used for in vitro incubations,
showing that the first cannot serve as a model for
the stoichiometry of the second. These aspects
should be fudher studied, as factors such as the
diet fed to the animals or the incubated
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substrates can influence the differences between
both compaftments.
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