
Review Article
Volume 9 Issue 2 - January  2019
DOI: 10.19080/JDVS.2019.09.555758

Dairy and Vet Sci J
Copyright © All rights are reserved by Amanuel Bekuma

Rumen Manipulation: One of the  
Promising Strategies to Improve Livestock 

Productivity-Review
Ulfina Galmessa1, Lemma Fita1, Tekalign Tadesse2 and Amanuel Bekuma2*
1Ethiopian Institute of Agricultural Research, Holeta, Ethiopia
2Department of Animal Science, Mettu University, Ethiopia

Submission: December 07, 2018; Published: January 22, 2019

*Corresponding author: Amanuel Bekuma, Mettu University, Department of Animal Science, Bedele, Ethiopia

Dairy and Vet Sci J 9(2): JDVS.MS.ID.555758 (2019)  001

Introduction
Continuing increase in the human population consume an 

ever-greater fraction of earth’s food, among which proteins are 
extremely important. Some proteins formed in plants especially 
as reserve food in the seeds and meat, milk, wool/fur and hide 
of grazing mammals have long been important source of food 
protein and protective clothing for human. Among these grazing 
animals, the ruminants are predominant animal species for human 
consumption [1]. The rumen, which is located at the beginning of 
the tract of ruminants (cattle, buffalo, sheep and goats), contain 
different types of microbes mainly, bacteria, protozoa and fungi, 
and plays a great role in the digestion of ligno-cellulosic food which 
are inedible for human consumption. Structural carbohydrate 
and high-quality microbial protein are synthesized by ruminal 
microbial activity. Anaerobic fermentation of feed in the rumen is 
the result of physical and microbiological activities which convert 
components of the diet to products which are useful (VFA and 
microbial protein) and useless (methane and carbon dioxide) to 
the host animals [2].

Currently, many researches and reviews have been done on 
rumen studies, rumen ecology and manipulation and there are 
increasing interests to continue further studies [3]. In tropics,  

 
low-quality roughages, crop-residues and industrial by-products  
which contain high level of ligno-celluloses, poor in fermentable 
carbohydrate and good quality protein are given for ruminants. In 
tropical country, most of ruminants have been fed on low-quality 
roughages, agricultural crop-residues, and industrial by-products 
which basically contained high levels of lingo-celluloses materials, 
low level of fermentable carbohydrate as well as low level of good 
quality protein. Besides this, prolong dry season and prevailing 
harsh environment condition (high temperature, poor fertile soil 
and scarcity feeds in quantity and quality throughout the year 
would influence rumen fermentation of quantity and quality [4].

To evade this problem, strategies aiming to optimize rumen 
manipulation is key to improve feedstuffs utilization and then to 
optimize ruminant production. The main challenges nowadays in 
ruminant production are to reduce feeding costs, improve products 
quality and diminish the impact of production on environment. 
The use of unconventional feedstuffs may contribute to decrease 
feeding cost and environmental impact through reduced methane 
emissions. In addition, improving products quality (i.e. fatty acid 
profile in milk) has been also shown potentially achievable by 
using such ingredients in the diet [5]. Therefore, there is the need 
to look at the recent advances and manipulation of rumen in the 
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improvement of animal nutrition to boost livestock productivity. 
The objective of this review work is, therefore, to review the 
research work done so far regarding manipulation of rumen to 
enhance livestock productivity.

Rumen Fermentation
The rumen is fermentation vat that can prepare end-products 

like volatile fatty acids and microbial proteins as major energy 
source and protein for the ruminant host. Microorganisms in the 
rumen degrade nutrients to produce volatile fatty acids (short 
chain fatty acids) and synthesize microbial protein as an energy 
and protein supply for the ruminant animal, respectively. The more 
efficient the rumen is, the better the fermentation end-products 
being synthesized [6]. In ruminants, the main fermentation 
processes of nutrients in the consumed feed ration occur first 
in the fore-stomach i.e., the rumen. These processes to a great 
extent are possible because of the microorganisms colonizing 
it. The microbial population in the rumen consists of bacteria at 
1010 cells/ml, protozoa at 106 cells/ml, fungi at 103 – 107 cells/
ml and methanogens at 109 cells per ml [7]. Rumen manipulation 
has, therefore, been proved to be effective to increase the efficient 
use of local feed resources and enhance productivity in ruminants 
[8]. However, microbial rumen fermentation process has energy 
losses as methane, and protein losses as ammonia N, inefficiencies 
that limit the production performance of the host animal and 
contribute to the release of greenhouse gas pollutants to the 
environment. Any sustainable solution to inhibit loss of energy, 
as methane and protein, as ammonia N, should be practical, cost 
effective and have no substantial adverse effect on the profitability 
of ruminant livestock production.

Rumen fermentation of carbohydrates and proteins in 
ruminants is accompanied by loss of energy and amino N, 
respectively. In fact, enteric methane emission in ruminants, which 
is produced via fermentation of feeds in the rumen and lower 
digestive tract by methanogenic archaea represents a loss of 2% to 
12% of gross energy of feeds and contributes to global greenhouse 
effects [9]; 8 to 12% of the digestible energy ingested by ruminants 
is lost in the rumen as methane; and 75 to 85 % of the Nitrogen 
consumed by dairy cows is excreted in the faeces and urine [9]. 
Methane up to 15 – 18% of the digestible energy may be produced 
where cattle are fed on poor quality forage. This condition results 
because several essential microbial nutrients may be deficient 
and microbial growth efficiency in the rumen may be low due to 
asynchrony of nutrient availability during fermentation. However, 
the correction of these deficiencies may reduce this to as low as 
7% [10]. According to Donald and Ward [11], about 95% of the 
global animal enteric methane is from ruminants a consequence 
of their large population, body size and intake. Since consumption 
is largely known and must be predicted, accuracy is limited often 
by the distribution of animals by class, weight and productivity. 
The fraction of the diet lost as enteric methane mostly falls into 
the range of 5.5 – 6.5% of gross energy intake for the world’s 
ruminants [11]. 

Rumen Manipulation
Manipulating ruminal fermentation involves maximizing the 

efficiency of feed utilization and increasing ruminant productivity 
(milk, meat, and wool production). Manipulating ruminal 
fermentation is intended to enhance beneficial processes, and 
delete, minimize, alter, processes that are harmful to the host [12]. 

Why We Need Rumen Manipulation?
Developing countries are poorest on the world in terms of 

economic growth and development but are richest in natural 
resources such as vegetation and large quantity of plan protein 
that meet out the demand of growing animal and human 
population; ruminants are important sources of animal protein. In 
this region, ruminants are fed on poor quality roughage or ligno-
cellulosic agro-industrial by products with or without concentrate 
supplementation resulting in poor productivity of the animals. 
Additionally, tropical forages have some important limitation for 
animals feeding like:

a. Tropical forges have low energy value due to their 
cell walls contain higher amount of lignin, silica and cutting 
resulting in lower fermentation of structural carbohydrate 
[13] and produces less amount of VFA and microbial biomass 
(microbial protein) after ruminal fermentation in comparison 
to temperate;

b. Intake of tropical forages by the animals is low due to 
their poor ruminal digestion and prolonged retention time 
[13].

c. They are deficient of essential nutrients: contain lower 
amount of energy, protein [14] and minerals [13].

d. Feeding of tropical forages to the animal’s results 
in imbalance in digestive end products (high acetate and 
low propionate) which causes inefficient utilization of 
metabolizable energy [15].

e. Legumes and tree leaves contain anti nutritional 
compound [16]. Therefore, manipulation of ruminal 
fermentation to improve the utilization of forages particularly 
in tropical and developing countries to maximize the 
productivity of animals by using available resources.

Methods of Rumen Manipulation
Genetic Rumen Manipulation

Genetically modifying the naturally available microorganism 
in the rumen enhances their capacity of defined functions or to 
add new functions [17]; and introduction of diverse genes into gut 
microorganisms have been explored [18]. The genetically modified 
microorganisms are either able to digest fibrous components and 
lignins of forage, or degrade toxins, synthesize essential amino 
acids, reduce ruminal methane production and tolerate acids [19]. 
Introducing new species or strains of microorganisms into the gut 
[20], like the former approach has a great potential to increase 
digestibility of feedstuffs and to improve animal production.
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Non-Genetic Rumen Manipulation
Probiotics: The digestion process in ruminant occurs by 

chemical reaction and fermentation provided by the rumen 
microbial flora. During the last decade, the rumen and intestinal 
microbial flora, which are essential to the animal’s health, has 
been recognized as the main factors to manipulate for bets 
growth performance of the animals. However, their equilibrium 
is constantly threatened by proliferation of undesirable microbes, 
detrimental to the health and performance of the animals. 
Therefore, use of live microbial cultures (probiotics) (fungi/yeast 
and bacteria) are being tried now days as natural feed additives for 
enhancing rumen metabolic activity and thereby overall animal 
production [21]. The administration of probiotics had an impact 
on growth performance, disease resistance, improving animal 
production and providing a cost-effective dietary supplement; 
microbial feed additives also benefit ruminant nutrition in terms 
of live weight gain and milk production of the animals in the tune 
of 7 - 8% [22].

Factors Influencing Effect of Probiotics Feeding on Ani-
mal Performances

Effects of probiotics supplementation on dry matter intake 
by the animals are incompatible. Supplementation of yeast in 
the animal’s feed improved it palatability and increase in feed 
intake as glutamic acid produced by yeast is responsible for 
improvement in the taste of feed stuffs [23]. Even though feeding 
probiotics to the animals improves digestibility of dry matter, 
organic matter, crude protein and fiber in yeast fed animals and 
moreover, higher retention of nitrogen and energy, the effects have 
been variable, and the response influenced by the type of diet, 
physiological state of the animals and microbial strain employed 
[24]. Positive response on milk production has been reported in 
yeast fed animals [25]; and the response was greater with diets 
containing the higher proportion of concentrate [8] Incidence of 
diarrhea reduced due to feeding of probiotics to the young calves 
[26]. There was considerable reduction in the number of total 
coliform bacteria in the rumen liquor as well as faces of calves fed 
probiotics in their diet, irrespective of the chemical composition 
of the ration offered to the animals [27].

Defaunation
Defaunation is the process of making the rumen of animals 

free of rumen protozoa and the animal is called defaunated animal. 
According to [2] even though protozoa may be non-essential for 
ruminant, still they have significant role to play in the rumen 
metabolism specially to stabilize the rumen. Rumen protozoa 
contribute 40-50% of the total microbial biomass and enzyme 
activities in the rumen [28].

Methods of Defaunation
Separation of newborn animals from their dams after birth 

and preventing them from any contact with the adult ruminant 
animal is one of the methods of producing defaunated animals. 
The newborn animals should be separated 2 to 3 days after birth; 
and during this time the newborn animals gets contaminated 

with the native bacterial population but do not get rumen ciliate 
protozoa [29]. Using of chemicals (copper sulphate, manoxol and 
sodium lauryl sulphate) are another method of defaunation used 
for obtaining animals free from rumen ciliate protozoa [2]. The 
ciliate protozoa are very much sensitive to change in rumen PH 
and adversely affected when the pH of the rumen falls below 5.8 
and if the rumen pH falls below 5.0, the ciliate protozoa are being 
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 [30].

Effect of Defaunation on the Rumen Ecosystem Ru-
men Microbes

Defaunation increase 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 [31]. According to the report of [2] defaunation is also 
significantly decrease the methane production compared with the 
normal faunated animals. Rumen protozoa contribute hydrogen 
moiety to produce methane by the methanogenic bacteria [32]. 

Conclusion and Area of Future Research
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. 
Introduction of naturally occurring microorganism from digestive 
system of one species to another species for efficient degradation 
of plant toxins as well as for efficient utilization of nutrients 
will be one of the major thrust area in near future for rumen 
manipulation. Even though genetically manipulation of rumen 
microorganism for efficient ruminal fermentative digestion has 
an enormous biotechnological potential; however, in developing 
countries, more prominence should be given for manipulating the 
rumen to increase cellulolytic activity for efficient utilization of 
low-grade roughage. Based on the above conclusion the following 
areas need future research endeavors:

a. Screening of non-conventional animal feeds specially 
tree leaves for anti-protozoal activity;

b. Standardization of defaunation method for its 
implication at farmer level;

c. New species/ strains of microorganism should be 
screened to use as probiotics; and mechanism of action of 
probiotic should be studied thoroughly.
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