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Introduction

The digestibility of feeds can be measured or estimated by
means of different techniques. In vivo methods, particularly
the total collection method (Martin-Rosset et al. 1984) are
widely spread. The use of internal markers is also becoming
popular. Several studies using acid insoluble ash (AIA) indi-
cate that this marker can be utilised successfully to estimate
digestibility (Miraglia et al. 1999). Digestibility can also be
estimated from the chemical composition of feeds, as descri-
bed by Martin-Rosset et al. (1996a), using crude protein (CP),
neutral detergent fiber (NDF) and acid detergent lignin (ADL).
In vitro methods are usually more precise than the use of che-
mical composition, but they require more complex techni-
ques.

In horses, several attempts have been used to develop an in
vitro method to estimate digestibility. Trevor-Jones et al.
(1991) proposed an adaptation to the Tilley and Terry method
used for ruminants and Bush et al. (2001) used caecal fluid
to evaluate the fermentation of feeds using the gas produc-
tion technique However, these methods have a common pro-
blem - the need for cannulated animals. An alternative to
ruminal or caecal fluid this does not require surgical inter-
vention while maintain the link to the animal (El Shaer et al.
1987). Omed et al. (2000) refers that both equine and bovi-
ne faeces have sufficient fermentable activity enabling its uti-
lization as inoculum for in vitro fermentation studies.

In this study we evaluated the utilization of horse faeces as a
source of inoculum to estimate in vitro digestibility of meadow
hay and oat straw.

Material and methods

Two light horses fed close to the maintenance level of energy
were used for faeces collection. The horses were fed natural
meadow hay, and concentrate (oat grain and faba bean). The
forage/concentrate ratio (dry matter basis) was 70/30, and
the animals where fed, both forage and concentrate, three

times a day (8.00, 14.00 and 20.00). Analyses were carried
out on roughages for dry matter, organic matter, crude pro-
tein, ether extract and ash according to AOAC (1990). Fibre
fractions (NDF, ADF and ADL) were determined by the deter-
gent procedures described by van Soest et al. (1991).The first
stage of the Tilley and Terry method, modified by Marten and
Barnes (1980) was used. Two faecal samples, one of each
horse, were taken, at the same hour (11.00 a.m.); 400 g of
fresh faeces where collected by grab sampling. Once collec-
ted, the faeces were immediately carried to the laboratory
mixed (1:2 w/v) with a CO2-saturated nutritive medium and
then filtered through a six-layer cloth to remove non digested
materials. The nutritive medium consisted of a carbonate-
phosphate buffer solution containing (g/l): 8.75 g NaHCO3,
1.00 g NH4CO3, 1.43 g Na2HPO4, 1.55 g KH2PO4, 0.15 g
MgSO4.7H2O, 0.52 g NaS, 0.017 g CaCl2.2H2O, 0.015 g
MnCl2.4H2O, 0.002 g CoCl3.6H2O, 0.012 g FeCl3.6H2O
and 0.125 resazurin according to Menke et al. (1979) as
modified by Steingass (1983). Faecal contents, solutions and
containers were kept under a constant flow of CO2 during
inoculum preparation. Samples (20 ml) of the resulting inocu-
lum were introduced in a 60 ml flasks containing 0.2 g of
substrate. Control batches containing only 20 ml of faecal
inoculum were also prepared. The batches were put into a
waterbath at 39ºC, and the insoluble residue after 48 hours
of incubation was considered indigestible.

Results

Chemical composition of natural meadow hay and oat straw
are presented in Table 1. These roughages can be described
as having mid and low quality, respectively. Their chemical
composition can be considered similar to those of the same
roughages found in stables all over the north of Portugal. The

estimations of organic matter digestibility of natural meadow
hay and oat straw are presented in Table 2.
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Table 1 Chemical composition of feeds (mean ± SD; values in
gkg-1DM).

Natural meadow hay Oat straw
Dry matter 871 ± 1.5 892 ± 0.5
Organic matter 909 ± 6.8 935 ± 5.8
Crude protein 75.4 ± 6.4 36.6 ± 2.8
NDF 692 ± 19.4 823 ± 22.2
ADF 415 ± 13.7 536 ± 14.1
ADL 56.6 ± 2.6 81.1 ± 3.7
Ether extract 8.6 ± 1.3 9.7 ± 1.4
AIA 25.5 ± 2.9 13.3 ± 1.7
NDF: neutral detergent fiber, ADF: acid detergent fiber,
ADL: acid detergent lignin, AIA: acid-insoluble ash

Table 2 Organic matter digestibility (mean ± SD; values in %)
of natural meadow hay and oat straw obtained by in vitro fer-
mentation, by chemical composition or found on the INRA tables.

Natural meadow hay Oat straw
In vitro fermentation
   Inoculum 1 60.6 ± 1.4 50.8 ± 0.7
   Inoculum 2 58.5 ± 1.5 40.9 ± 0.5
       Mean values 59.7± 1.8 46.9± 5.0

Chemical compositiona 44.7 30.0
INRA Tables b 50 42
Each value is the mean of 10 observations
a – Martin-Rosset et al. (1996a); b – Martin-Rosset, 1990
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Feed digestion

Values for OMD of both feeds studied, where statistically dif-
ferent when using inoculum from different animals (inoculum
1 or 2). The animal effect was significant (p<0.05) for natural
meadow hay, and highly significant (p<0,001) for oat straw. 

Discussion

In spite of the need to use homogenised faeces to reduce ani-
mal variation, as it is the case with in vitro methods using rumen
liquor of at least two cannulated animals, we found high vari-
ation between the two horses in the case of oat straw. The figu-
res for in vitro  organic matter digestibility (OMD) of natural
meadow hay and oat straw (59,7 and 46,9 %, respectively)
were higher than those referred to in the INRA tables (Martin-
Rosset 1990) or than those obtained by using the chemical
composition (Martin-Rosset et al. 1996b) as shown in Table 2.

In a parallel study where the same two horses were part of a
group used to measure the digestibility of mixed diets
hay+concentrate and oat straw+concentrate (70:30) using
AIA and ADL as markers, the figures for OMD of the total diet
(56.5 and 45.2 for meadow hay and oat straw diets, respec-
tively), were lower than those found in vitro for the corre-
sponding roughages. This suggests that in vitro fermentation
overestimated the digestibility of the roughages. As shown by
others (G. Le Golf et al. 2003, Wang et al. 2004, Omed et
al. 2000) the ratio feaces:buffer solution may have affected
the results. Also incubation time can be a factor of variation
as shown by Omed et al. (2000) who concluded that 36
hours may be more adequate to simulate the period of fer-
mentation in the horse’s ceacum-colon section. 

Conclusions

The in vitro fermentation method of estimating the digestibili-
ty of feeds for horses, using a natural occurring residues (fae-
ces), is an attractive idea since it allows the use of animals
without surgical intervention and is easy to accomplish. In this
preliminary study we conclude that the use of faeces for this
purpose needs to be refined and tested on a large scale set
of samples. More studies in this area are required, namely
testing different faeces concentration, amount of substrate,
and incubation time. 
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