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Abstract: The rumen, to ruminant animals is very important because it inhabits diverse and complex microbial 
ecosystem. These microbs help in ruminant digestion and assimilation of nutrients from forage and different types 
of diet. Defaunation is the elimination of microfauna, and ciliated protozoa from the rumen. Many attempts by 
researchers to achieve this have been made to justify the role and mechanisms of these microbs. There are several 
methods of achieving this, such as chemical, isolation of new born animals, dietary manipulations and use of plant 
extract as defauning agents, this review therefore, tries to summarize different strategies used and effect of 
defaunation on the rumen ecology and animal productivity. The discussed concepts and advances concerning 
defaunation will be useful for the researchers, animal producers, feed formulators and other stakeholders in order to 
boost their economic gain and profit through feed modification.  
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Introduction 
 
Many factors have caused some restrictions to the use of tropical forages and some feeding material as livestock 
feed, some of which include low levels of good quality protein or nitrogen, less fermentable carbohydrates and 
lipids, and low digestibility because of high fiber content (Diaz et al., 1993; Wanapat, 2000; Ngamsaeng et al., 2006 
and Ngamsaeng et al., undated). These in turns, have led to poor animal performance because of decreased feed 
intake (VFI) and an imbalance in the absorbed nutrients (protein/energy ratio), causing slow growth, and low 
reproductive rate and milk production performance (Diaz et al., 1993; Ngamsaeng et. al., undated). Such limitations 
are aggravated by the presence of anti-nutritional factors which may also affect the voluntary intake of the animals 
as well as feed digestibility so that some plants are less accepted or even rejected (Ba and Ngoan, 2003). These anti-
nutritional compounds such as tannins, lignins, saponins, mimosine, and others are assumed to be synthesized in 
plants to protect them against invading microbes and insects. When consumed by the animals, these compounds 
limit the growth of different types of microbes (useful and undesirable) in the rumen as quality of roughage exhibits 
close relationship with rumen ecology, microbes, and fermentation patterns (Wanapat, 2000; Kamra, 2005). 
 
Rumen manipulation by way of removing protozoa (defaunation) is an alternative way of increasing absorbed 
nutrients (Gebeyehu and Mekasha, 2013). Though protozoa contribute to fiber digestion, it also posts negative 
effects on bacteria as protozoa prey on bacteria when dietary protein is lacking (USDA, 2007). This is 
disadvantageous to the host animal fed with low-protein, highly fibrous diets, so that eliminating or reducing the 
number of protozoa increases the amount of microbial protein and dietary protein available to the host animal 
(Leng et al., 2011). This review therefore, tries to summarize different strategies used and effect of defaunation on 
the rumen ecology which in turns leads to improved animal productivity. 
 
Defaunation defined and techniques 
 
Defaunation is the process of making the rumen of animals free of rumen protozoa and the animal is called 
defaunated animal. There are several ways to defaunate the animals in order to obtain a ruminant animal free from 
rumen ciliate protozoa. One of the methods of producing defaunated animals is the separation of newborn animals 
from their dams after birth and preventing them from any contact with the adult ruminant animals. The newborn 
animals should be separated 2 to 3 days after birth (Jouany, 1978). During this time the newborn animals gets 
contaminated with the native bacterial population but do not get rumen ciliate protozoa (Fonty et al., 1984). 
However, once the animal is separated, proper care should be taken so that the isolated animals do not come in 
contact with any adult animals as well as any contamination from the handlers who look after faunated and 
defaunated animals 
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 Another method of defaunation is by use of chemicals. Majority of researchers has used this method for obtaining 
animals free from rumen ciliate protozoa. The chemicals which have been widely used to defaunate the animals are 
copper sulphate (Ramprasad and Raghavan, 1981), manoxol (Chaudhary et al., 1995) and sodium lauryl sulphate 
(Santra et al., 1994a; Santra and Karim, 1999). Chemicals which are used as defaunating agent are introduced in the 
rumen of animals either orally by a stomach tube or through rumen fistula. However, these chemicals are not only 
toxic to the rumen protozoa but also kill the other rumen microorganism like bacteria.  

Dietary manipulation can also be used to defaunate ruminants.  The ciliate protozoa are very much sensitive to 
change in rumen pH , so activity of ciliate protozoa is adversely affected when the pH of the rumen falls below 5.8 
and if the rumen pH falls below 5.0, the ciliate protozoa may be completely eliminated. Therefore, offering high 
energy feed (especially cereal grains like barley, maize etc) to the starved (for 24 hours) animals creates acidic 
condition in the rumen and rumen pH fall below 5.0. This fall in rumen pH eliminates the ciliate protozoa 
completely and the animal becomes defaunated. However one serious disadvantage of this method is that chances 
of developing acidosis in treated animal is more. Once rumen acidosis develops, the animals will suffer from various 
secondary complications. The drenching of vegetable oils can also eliminate ciliate protozoa and hence can be used 
as a defaunating agent (Newbold and Chamberlain, 1988; Nhan et al., 2001). 

Potential of plant extracts as defaunating agent 

Although, secondary metabolites such as tannin and saponine, may appear detrimental to animal feeding and 
nutrition, but they can also be used to manipulate rumen function and fermentation (Ba and Ngoan, 2003; Fulgueira 
et al., 2007 and Leng et al., 2011). Since rumen microorganisms play a great role in the digestion process and in the 
production of volatile fatty acids needed by the ruminant, it must then be noted that nutrient requirements of the 
ruminant animal depends on them.  However, as reported to be prevalent in many tropical fodder plants, saponins 
and tannins are known to act as defaunating agents (Makkar et al., 1995; Pell et al., 2001 and Leng et al., 2011).  
Many studies have also validated the use of tannins and saponins being toxic to protozoa (Diaz et al., 1993; 
Monforte-Briceno et al., 2005), and the use of some tree leaves or plant extracts reduced the number of rumen 
protozoa which in turn has led to improved intake, fiber digestion, and weight gain (Eugene et al., 2004; Ozdemir et 
al., 2006; Patra and Saxena, 2009 as cited by Lopez -Camarena, et al., 2010). 
 
Furthermore,  forages of Centrosema pubescens, Desmodium intortum, Fern leaf, Leucaena leucocephala, Vigna 
parteri, Desmodium uncinatum as defaunating agents were tested in vitro but Enterolobium cyclocarpum was 
found to be effective in vitro and in vivo (Leng et al., 2011). Williams (1991) present positive effect of reducing the 
concentration of rumen protozoa as it could increase microbial protein production and amino acids available for 
absorption, and a decline in protozoal numbers is linked with increasing propionate Poungchompu et al. (2009) 
stated that populations of protozoa and fungi dramatically reduced when dairy heifers were fed with plants 
containing condensed tannins and saponins. According to Moss et al., (2000), all rumen microbes including 
protozoa are vulnerable to saponin-induced changes in cell membrane properties. 
 
Effect of defaunation on the rumen ecosystem rumen microbes  

Defaunation causes both qualitative and quantitative change in rumen bacterial population. For instance, it has led 
to bacterial population increase (Chaudhary et al., 1995) since rumen protozoa feed on the rumen bacteria to meet 
our their nitrogen requirement. A total of 4 to 45 g bacterial dry matter is engulfed by rumen protozoa per day per 
sheep (Coleman, 1975). Defaunation increase the number of amylolytic (Fig. 2) bacteria due to elimination of 
nutritional competition between bacteria and protozoa for using starch (Kurihara et al., 1978) whereas the 
cellulolytic bacterial population become decreased (Jouany et al., 1988). Fungal population in the rumen also 
increase due to defaunaton (Smet et al., 1992). Orpin and Letcher (1983/84) reported a predation of fungal 
zoospore by rumen protozoa but till today it is unclear whether the increase in fungal population following 
defaunation is a consequence of reduction in the predation by the protozoa or increased availability of nutrients for 
fungal growth in the absence of protozoa.  

Rumen pH: The buffering capacity of the rumen seems to be better in presence of protozoa on a wide variety of 
diets. The rumen pH starts falling immediately after ingestion of feed, both in faunated and defaunated animals 
whereas, the drop in pH was much higher in defaunated than in faunated animals (Jouany et al, 1988; Nagaraja et 
al., 1992; Mendoza et al., 1993; Santra et al., 1996; Santra and Karim, 2002a). Rumen protozoa engulf the readily 
fermentable carbohydrate (starch) which is stored in their body as amylopectin (Williams and Coleman, 1992; Santra 
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et al., 1996; Hristova et al., 2001; Santra and Karim, 2002a) and thus decrease the rate of carbohydrate (starch 
degradation) fermentation (Williams and Coleman, 1992), resulting in a lower pH in the rumen of defaunated 
compared to faunated animals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Schematic representation of the effects of defaunation on rumen ecosystem 

Volatile fatty acid (VFA) production: The effect of defaunation on the production and composition of VFA is 
variable. The VFA production rate and its composition are greatly influenced by experimental diet. Increase in 
TVFA concentration in defaunated animals was reported by Punia et al. (1987), Santra et al. (1996) and Santra and 
Karim (2002a) while non-significant effect was recorded by Itabashi et al. (1982), and Ivan et al. (1992). However, 
lower VFA production in the rumen of defaunated animals reported by several workers because of diet effect 
(Jouany et al., 1981; Kayouli et al., 1983; Hegarty et al., 1991; Chaudhary et al., 1995). Higher VFA conecntration in 
the rumen of faunated animals may be due to higher hydrolytic enzyme activity in the rumen protozoa because 
about 40- 60% of hydrolytic enzyme activity is found in the rumen protozoa (Agarwal et al., 1991) and also due to 
stimulatory effect of protozoa over bacteria (Onodera et al., 1988). The ciliate protozoa engulfed the feed particle 
and degrade it to acetic acid and butyric acid during carbohydrate metabolism (Demeyer and Van Nevel, 1979; 
Ushida et al., 1986a,b). Defaunation should, therefore, increase the molar proportion of propionic acid (Williams 
and Withers, 1991; Mendoza et al., 1993; Chaudhary et al., 1995). Moreover higher propionate production in the 
rumen of defaunated animals may be due to increase and shift in ruminal bacterial population. It has been reported 

that in defaunated animal’ s number of acetate producing species such as Ruminococcus spp. are not predominant 
while succinate producing bacteria such as Bacteroides spp. are predominant (Kurihara et al., 1978). These changes 
in ruminal bacterial population may stimulate more propionate production in the rumen of ciliate free animals. 
However, the reported effects of defaunation on VFA composition are variable. Demeyer et al. (1982), Itabashi et 
al. (1984), Rowe et al. (1985) and Ushida and Jouany (1990) reported that the molar proportion of propionate in 
defaunated and fauntaed animals was similar whereas, Demeyer et al. (1982) and Ivan et al. (1992) reported lower 
proportion of propionate production in the rumen of defaunated animals.  

Ammonia nitrogen concentration: Significant reduction in ammonia-N concentration (Fig. 1) in the rumen of 
defaunated animals was reported by several workers (Itabashi et al., 1984; Chaudhary et al., 1995; Santra et al., 1996; 
Nhan et al., 2001; Santra and Karim, 2002a). Ammonia is utilized by bacteria to meet their nitrogen requirement for 
body protein synthesis while ciliate protozoa do not use it. In defaunated animals, the number as well as activity of 
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rumen bacteria increases (Eadie and Gill, 1971) resulting in more uptake/utilization of ammonia by bacteria and as a 
result, ruminal ammonia concentration is reduced. Further, low production of free amino acid from the degradation 
of protein or peptide in absence of ciliates and/or lower rate of recycling of microbial nitrogen in the rumen of 
defaunated animals (Demeyer and Van Nevel, 1979), could have contributed to lower ruminal ammonia nitrogen 
concentration. The recycling of bacterial nitrogen in the rumen is higher in presence of ciliate protozoa (Hristova et 
al., 2001) and the number of ruminal bacteria capable to utilize ammonia decrease with increased ruminal break 
down of dietary protein (Leng, 1982).  

Microbial protein synthesis: Microbial protein synthesis in the rumen of defaunated animals was higher than 
faunated animals (Bird et al., 1994). It is now generally accepted that in absence of rumen ciliate protozoa, the 
efficiency of rumen bacterial growth is enhanced and more microbial protein flows from reticulo-rumen to 
duodenum (Bird and Leng, 1985). Although bacteria and protozoa are active in synthesis of microbial protein, 
outflow of microbial protein in to duodenum is primarily of rumen bacterial origin. About half of the microbial 
protein in the rumen can be of protozoal origin while as a proportion of the microbial protein leaving the rumen, 
protozoal protein is usually under 10% because of higher rate of bacterial was out from reticulo-rumen (Owens and 
Zinn, 1988). Additionally, the absence of rumen protozoa is known to increase the efficiency of net bacterial growth 
due to elimination of protozoal predation and increasing rumen bacterial turn over (Demeyer and Van Nevel, 1979). 
This could have resulted in more microbial protein flow to the duodenum in the defaunated animals.  

Enzyme profile: Rumen ciliate protozoa secrete various hydrolytic enzyme which are responsible for breakdown of 
the plant cell wall poly saccharides (Williams and Coleman, 1988; Agarwal et al., 1991). The ciliate protozoa and 
fungi are most important microbial groups of the rumen organisms required for the ruminal digestion of plant fibre 
(Amos and Akin, 1978). Carboxymethyl cellulase enzyme activity was lower in the rumen of defaunated than 
faunated animals (Williams and Withers, 1991; Santra et al., 1996; Santra and Karim, 2002). About 62% of the total 
rumen cellulase enzyme activity is associated with rumen protozoal population (Coleman, 1986). Hence elimination 
of ciliate protozoa decreases ruminal cellulase enzyme activity (Fig. 1). The activity of other carbohydrate degrading 
enzymes like amylase, xylanase and β-glucosidase are not affected by the presence or absence of ciliate protozoa in 
the rumen (Santra et al., 1996; Santra and Karim, 2002). Protease enzyme activity was lower in the rumen of 
faunated than defaunated animals (Ushida and Jouany, 1985; Santra et al., 1996). The specific activity of protease 
enzyme from bacterial fraction is 6-10 times higher than that from protozoal fraction (Brock et al., 1982). 
Defaunation, increases the number of ruminal bacterial population, resulting in higher ruminal protease enzyme 
activity. Bacteria are the only source of ruminal urease enzyme (Cook, 1976) while ciliate protozoa have no urease 
enzyme activity (Onodera et al., 1977) and hence ciliates cannot utilize urea for their body protein synthesis. 
However, observed similar urease enzyme activity in the rumen of faunated and defaunated animals (Santra et al., 
1996; Santra and Karim, 2002) needs further studies.  
 

 

 

 

 

 

 

 

 

 

Fig. 2: Schematic representation of the effects of defaunation on nutrient digestibility and animal 
performance 
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Methane production: Defaunation as seen in Fig 1, is reported to considerably decrease the methane production 
compared with the normal faunated animals (Jouany et al., 1988; Williams and Coleman, 1992; Santra et al., 1994). 
The reduction in methane production in absence of rumen protozoa has been attributed to various reasons. Rumen 
protozoa contribute hydrogen moiety for the production of methane by the methanogenic bacteria (Prins and Van 
Hoven, 1977; Van Hoven and Prins, 1977). Further, ectosymbiotic attachment methanogens have with ciliate 
protozoa and elimination of their symbiotic partner on defaunation results in reduced methane production. 
Reviewing the published literatures on the topic, Kreuzer (1986) calculated that defaunation decreased energy losses 
through methanogenesis by 5.5 to 7.9% of gross energy intake. 

Conclusion  

Rumen is a natural fermentative anaerobic system which should be manipulated essentially by altering the 
composition of rumen microflora. There is ample scope to manipulate the rumen by feeding local plants or tree 
leaves or agro industrial by products to defaunate the animals for improving its productivity. Different strategies are 
involved in defaunation like separation of newborn animals from their dams after birth, use of chemicals (copper 
sulphate, manoxol and sodium lauryl sulphate) for obtaining animals free from rumen ciliate protozoa and use of 
plant extracts such as secondary metabolites. Defaunation therefore, increases the number of amylolytic bacteria 
due to elimination of nutritional competition between bacteria and protozoa for using starch, whereas the 
cellulolytic bacterial population becomes decreased; fungal populations in the rumen also increase. Defaunation can 
also significantly decrease the methane production compared with the normal faunated animals since protozoa 
contribute hydrogen moiety to produce methane by the methanogenic bacteria. However, protozoa may be non-
essential for ruminant, still they have significant role to play in the rumen metabolism specially to stabilize the 
rumen because rumen protozoa contribute 40-50% of the total microbial biomass and enzyme activities in the 
rumen. 
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