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1. Introduction

Rumen liquor has been widely used as inoculum in some in vitro techniques of feed

evaluation. This liquor has been firstly used by Tilley and Terry (1963) for their two-step

technique of feed evaluation. It was then also applied in the rumen simulation technique

(Czerkawski and Breckenridge, 1977) and in the gas producton technique (Menke, et al,

1979 and Theodorou et a, 1994) all over the world. Until now rumen liquor is still the

only inoculum used in in vitro technique.

The use of rumen liquor inoculum in in vitro technique has been rejected by some

scientists for animal welfare reason since the end of this century. This is due to the use of

the fistulated animal for preparing the rumen liquor. Therefore some studies have been

tried to find out any other alternative way, enzyme technique for example. This technique

needs high cost because of expensive price of enzyme. Therefore it is needed a technique

that is easy, cheap and available any time. Using faecal inoculum might be one of the

alternative ways to solve this study.

The aim of this paper is to picture the possibility of using faecal inoculum as an

alternative way in the in vitro technique.

2. Reason for using faeces as inoulum

The in vitro technique of feed evaluation is to mimic the digestive tract of animal as we

could evaluate a feed as in in vivo method. Normally the principle of this technique is to



inoculate the feed samples in a buffer medium so as to recreate the digestive process for a

specific time. Usually, the procedure of the in vitro technique is to remake the conditions

of the rumen. Rumen liquor as an inoculum has been traditionally considered and widely

used as a source of microbes producing enzymes for hydrolytic and fermentative during

incubation. However a major shortcoming of this procedure is their reliance on rumen

canulated animals.

Faeces has been used as an alternative inoculum to rumen liquor. Balfe (1985) firstly

used faecal inoculum in an in vitro feed estimation method in her final task as

undergraduate student in Wales. Using faeces as an inoculum is easy, cheap and available

anytime. Both rumen liquor and faecal liquor are very variable in composition and this

may lead to a variable microbial population and for this reason variability in microbial

enzyme activity. Sources of variation may include the donor species and the diet of the

donor animal. There may also be diurnal variation in the composition. There is however,

little information concerning the variability in the composition of faeces and its

hydrolytic and fermentative activity.

3. Overview of the microbes in the rumen liquor and faeces

The microbial population in the rumen, large intestine or faeces will affect the hydrolytic

and fermentative activity of the digesta in these areas since it is the microbes that produce

the enzyme found at these areas. The microbes faound in he rumen, large intestine and



faeces will be described in the following sections. Table 1 shows the main species of

bacteria, protozoa and fungi existing in the rumen.

3.1. Bacteria

Bacteria have the greatest population density of all classes of microorganism in the

rumen. Van Soest (1994) reported hat he number of bacteria in the rumen is around 1010

per ml and consisted of 60 – 90 % of the total microbial biomass. In term of the bacterial

population, Todar (1998) included that the population of bacteria in the colon reached the

levels of 109 per ml of faecal liquid. Schwartz and Gilchrist (1975) described that

Bacteroides succinogenes, Ruminococcus albus and R.flavefaciens were the most active

cellulolytic species found in the rumen. Omet et al (2000) stated that the bacterial species

found in the rumen are also represented in the large intestine and faeces of he ruminant

animal. Wallace (2001) said that the composition of bacteria in rumen liquor was

different from the composition of bacteria in the caecum or in faeces. However, some

bacteria are found in both the caecal digesta and faeces (see Table 2).



Table 1. The main species of bacteria, protozoa and fungi existing in the rumen

Bacteria Protozoa Fungi
Flagellata Holotrich (ciliate) Entodiniomorphs (ciliate)

Prevotell sp1

Bacteriodes ruminicola2

Fusobacterium sp2

Lactobacillus sp2 Micrococcus
sp2

Spirochaetes 1 Anaerovibrio
lipolytica1 Selanomonas
ruminantium1

Mitsuokela multiaciadus1

Megasphaera elsdenii1

Syntrophococcus
succromutans1

Ruminococcus sp1

Streptococcus bovis1

Peptostreptococcus sp1

Acetitomaculum ruminis1

Butyrivibrio fibrosolvens1

Trichomonas sp3

Monoceramonas sp3

Chilomastic sp3

Isotricha prostoma4

Isotricha intestinalis4

Dasyitricha ruminantium4

Charonina ventriculi 4

Entomodium sp5

Eodinium sp5 Diplodinium
sp5

Eremoplastron sp5

Eudiplodinium sp5

Ostracodinium sp5

Polypastron sp5

Diploplastron sp5

Metedinium sp5 Epidinium
sp5

Enoploplastron sp5

Ophryoscolex sp5 Epilastro
sp5 Elytroplastron sp5

Caloscolex sp5

Opsithotricum sp5

Aspergillus fumigatus6

Mucor rouxii6

Sporormia minima6

Sphaerita hoari7

Eramoplatron sp7

Sagittospora eameroni7

Callismastix frontalis8

Piromonas communis8

Sphaeromonas communis8

1. Stewart et al (1997)
2. Mann and Ørskov (1973)
3. Jensen and Hammon (1964) in William and Coleman (1997)
4. Bohatier (1991)
5. Brewer et al (1972) in Orpin and Joblin (1997)
6. Lubinsky (1955a.b) in Orpin and Joblin (1997)



Table 2. Bacteria identified in the rumen, caecum and faeces of rumnant animals

Species Rumen Caecum Faeces
Veillonela alcalescens1

Bacteriodes ruminicola2,3

Butyrivibrio fibrosolvens2,3

Fusobacterium sp2

Lactobacillus sp2

Micrococcus sp2

Peptostreptococcus elsdenii 2

Selanomonas sp2,3

Streptococcus bovis2

Streptococci sp3

Bifidobacteria sp3

Eubacterium sp3

Ruminococcus sp3

√
√
√
√
√
√
√
√
√
√
√
√

√
√
√
√
√
√
√
√
√
√
√
√

√

√

√

√

1. Gieseckke (1970) 2. Mann and Ørskov (1973) 3. Sharpe et al (1975)

Demeyer (1991) also studied that Bacteroides sp and Ruminococcus albus were present

both in the rumen and faeces. Some bacterial species are unique to faeces while many

species found in the rumen are not found in the caecum or faeces.

Most bacteria growing in the caecum are also found in the rumen while only a few

bacterial species are found in faeces. The particular species of bacteria found in the

rumen, caecum and faeces at any time will be a function of many things including the

host animal’s diet.

The bacterial activity both in he rumen and large intestine will have some bearing on the

hydrolytic and fermentation activity at these sites. Related to Table 2, not all the

bacterial species found in the rumen exist in faeces. However, the most active

cellulolytic bacteria do exist in faeces according to Schwart and Gilchrist (1975).



In relation to in vitro studies, either faeces or digesta from the large intestine could be

used as inoculum, but more research is required on the use of faeces as inoculum. Areas

needed to be studied include faecal hydrolytic and fermentative activity and hence

ability of faecal microorganism to degrade and ferment feed sample.

3.2. Protozoa

Rumen protozoa are recognized as a predator of rumen bacteria and are therefore blame

for the apparent inefficiency of rumen microbial synthesis. Protozoa n the rumen

constitute about 20 – 40 % of the microbial biomass and have a long generation time

(Van Soest, 1994). The protozoa composition in the rumen is shown in Table 1. The

effect of diet on protozoa composition in the rumen has been reviewed by Minor et al

(1977), but there is little information on the composition density of protozoa in the

caecum and faeces. Demeyer (1991) observed a virtual absence of ciliate protozoa in the

large intestine of man, pigs and ruminant animals but Petkov (1976) found the species of

protozoa, Entodinium simplex and Entidinium ovnum in the caecum of a two-month old

lamb.

The existence of protozoa in the caecum, colon or faeces might reduce the bacterial

number at these sites and thereby lower the hydrolytic and fermentative activity of

digesta from these sites as is the case with rumen liquor.



3.3. Fungi

There are some species of fungi which are common to both rumen liquor and faeces and

some other species which are specific to either rumen liquor or faeces. The species of

fungi existing in rumen liquor and faeces are listed in Table 3. Van Soest (1994)

observed that fungi are able to digest and utilize available cellulose and hemicellulose

and may have an advantage over cellulolytic bacteria in being able to penetrate lignified

cell walls and thus gain access to encrusted cellulose. Their breaching of cell walls may

then help bacteria gain access and promote the rate of digestion.

Table 3. Type of fungi identified in rumen liquor and faeces

Rumen liquor Faeces
Piromyces sp1

Piromyces communis1

Caecomyces sp1
Caecomyces communis1
Neocallimastic frontalis1

Neocallimastic patriciarum1

Neocallimastic hurleyensis1

Anaeromyces mucronatus1

Anaeromyces elegans1

Orpinomyces joyonii1

Orpinomyces bovis1

Piromyces sp2

Caecomyces sp2

Neocallimastic sp2,3

Piromonas sp1

Sphaeromonas sp3

Sphaeromonas communis4

Polycentry sp2

1. Theodorou et al (1996) in Mauricio (1999)
2. Davies et al (1993)
3. Grenet et al (1989 a,b)
4. Lowe et al (1987)

Related to Table 3, it would appear that fewer fungal species exist in faeces compared

with rumen liquor and it is likely that the size of fungal population in faeces is also

lower. This would be expected to further reduce the hydrolytic and fermentative activity



in faeces compared with rumen liquor. The degradation of cellulose and hemicellulose in

faecal inoculum are the substrate most likely to be affected.

4. Trials using faecal inoculum in in vitro technique

Afdal (2003) reported that (1) There is limited information concerning the microbial

population and its activity in faeces, (2) The are some differences in the microbial

species growing in faeces compared to rumen liquor but many species are common to

both inoculum source and (3) the lower population of microbes in the caecum, rectum

and faeces than in the rumen liquor. It is therefore needed the study how to increase the

microbial population at these sites. There are many efforts using faecal inoculum in in

vitro technique (Afdal, 2003).

Dehority and Orpin (1997) reported that in general, the bacterial population in the

digestive tract of rumnant animals was larger when animals were fed a high concentrate

diet rather than a low concentrate diet. Including sucrose in the diet increases the size of

the bacterial population in the rumen, but has no effect on the caecal microbial

population. The microbial population I the caecum is increased however, if the sucrose

is infused post ruminally (Ørskv et al, 1972). Garcia et a, (1992) said that the addition of

defatted rice polishings resulted in an increase the number of total culturable bacteria,

cellulolytic bacteria and protozoa.

Some reports concerning the effect of animal diet on the hydrolytic and fermentative

activity in the rumen and faeces has been done by Huntington (1998), Huntington and



Givens (1998) and Nagadi, et al (2000). They measured the parameter of gas volume,

lag phase, rate of gas produced, time taken to reach half asymptote, total gas produce

and effective degradability. They found that the diets significantly affected the

parameters measured.

Rymer et al (1998), Calabrò and Williams (1998) and Cone et al (2000) studied the

effect of animal species on the hydrolytic and fermentative activity. Rymer et al (1998)

showed that gas production from six Nepalese grasses was higher when using buffalo

rumen liquor inoculum rather than sheep inoculum. Calabrò and Williams (1998)

observed that the total volume of gas produced and the amount of dry matter degraded

were higher when cow rumen liquor inoculum than buffalo rumen liquor inoculum.

Cone et al (2000) determned that the volume of gas produced from incubation with

bovine rumen liquor was greater than was obtained from the incubation with ovine

rumen liquor.

Some observations have been done dealing with:

1. The effect of substrate sample on the total gas production and organic matter

degradation Mould et al (2000).

2. The effect of dilution of inoculum with medium on microbial number, their

hydrolytic nd fermentative activity and the degradation of substrate (Rymer et al,

1999)

3. The effect of postponement between collection of inoculum and incubation on

the degradation of substrate (Robinson et al, 1999; Cone et al, 2000).

4. Effect of blending of inoculum on gas production (Pell and Schfield, 1993)



5. Effect of addition of energy and protein to faecal inoculum on the degradation of

nutrient and gas production (Afdal and Erwan, 2006; Afdal and Alwi 2007,

Afdal and Toha, 2007).

5. Conclusion

It might be concluded that there were some possibilities using faecal inoculum to replace

the rumen liquor inoculum. To achieve this goal there are some trials being done such

as:

1. Identifying both the microbial number in faeces and rumen liquor.

2. Identifying both the microbial species in faeces and rumen liquor.

3. Modifying of the faecal inoculum.

4. Trying to the in vitro method.
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