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Abstract
Rumen manipulation is a specialized technique employed to modify or optimize the rumen environment and its microbial ecosystem to enhance the efficiency of feed utilization, thereby improving animal productivity and reducing the production of undesirable byproducts, such as methane. Manipulating ruminal fermentation is very crucial for a nation like India since livestock are primarily fed low-quality roughages and lignocellulosic agro-industrial byproducts. These feeds have low digestibility and thus have prolonged ruminal retention times and also contain toxicants. These factors are significant contributors to the low productivity of dairy animals. This article explores various genetic and non-genetic approaches to optimize rumen function. Genetic interventions, such as genetic engineering of naturally occurring rumen bacteria and the introduction of novel microbial species or strains, offer promising avenues for enhancing cellulose degradation, neutralizing toxins, and mitigating ruminal acidosis. However, challenges such as low microbial viability, substantial costs, limited efficacy rates, and ethical considerations hinder their widespread adoption. Non-genetic approaches include Use of Ionophore compounds, Organic acids, Defaunation agents, and Probiotcs. These approaches provide practical solutions to tackle the nutritional challenges associated with tropical forages. These methodologies enhance feed efficiency, reduce methane emissions, and improve overall animal productivity.
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1. Introduction
Ruminant possesses four-compartmental stomach consisting of the rumen, reticulum, omasum, and abomasum. The rumen, being the first compartment, acts as a self-contained and open ecosystem. Within the rumen, rumen microorganisms, including bacteria, protozoa, fungi, and methanogens, play a crucial role in converting feed consumed by ruminants into volatile fatty acids (VFA) and microbial biomass. These products provide energy and protein to ruminants. The presence of these microorganisms in the rumen is significant, with bacteria accounting for approximately 1010 cells per milliliter, protozoa at 106 cells per milliliter, fungi ranging from 103 to 107 cells per milliliter, and methanogens at 109 cells per milliliter of rumen liquor [1]. 
In developing and tropical regions, ruminant diets often comprise low quality feeds (lignocellulosic agro-industrial byproducts and low-quality roughages etc.). These materials are plentiful but have lower energy value and reduced fermentability. Consequently, a substantial portion of the feed remains undigested Improving rumen efficiency through strategic alteration of the rumen environment has been identified as a key approach to optimizing the digestion of low-quality feed, increasing feed conversion efficiency, and reducing methane emissions and is excreted in the faeces [18-20]. Additionally, significant methane gas is generated as a byproduct of rumen fermentation. This methane production represents an energy loss for the animal that could otherwise be utilized for growth and productivity [2]. Through this, we can enhance and manipulate the growth and activity of beneficial microorganisms, thereby optimizing the utilization of available feed resources. This strategy has demonstrated potential in augmenting ruminant productivity and effectively addressing the challenges posed by climate change.
2. Necessity of manipulating Rumen
In developing and tropical countries, animals are primarily maintained on lignocellulosic agro-industrial byproducts or low-quality roughage. Occasionally, they may receive supplementary concentrates to enhance their nutritional intake. This leads to lower productivity of animal. The low productivity is attributable to the low energy value of these forages. Tropical forages often exhibit low digestibility and longer ruminal retention times, leading to reduced feed intake [3]. Providing these forages to animals causes an imbalance in digestive end products, leading in inefficient use of metabolizable energy [4]. Also, several tropical plant species, e.g., legumes, non-legumes, and tree leaves, contain antinutritional factors [5] that hinder the digestion and availability of nutrients to host animals. Hence, there is ample opportunity to manipulate ruminal fermentation for enhancing animal productivity.
3. Method of Rumen Manipulation
 In the last twenty years, numerous rumen modification techniques have been globally tested, demonstrating varying results. There are primarily two categories of rumen manipulation methods: genetic and non-genetic.
3.1 Genetic manipulation: 
Attempts have been made to produce genetically modified rumen microorganisms using gene transfer/modification techniques to increase the productivity of animals. Yet, success in the area of genetic manipulation of rumen microorganisms is quite limited.
One approach could be to genetically modify naturally occurring bacteria in the rumen to increase their capacity for specific functions [6]. To achieve this objective, we meticulously select a suitable gene and induce its expression within the predominant rumen bacteria. These genetically engineered microorganisms possess the capability to either degrade lignins and fibrous components of feed or neutralize toxins and enhance tolerance against ruminal acidosis [7]. To enhance cellulose degradation in the rumen, genetic engineering techniques can be employed to introduce a large number of cellulose degradation genes into the plasmid of this bacterium. Plasmids are additional genetic materials found in bacteria that exist independently of the chromosomal DNA. They are not essential for bacterial survival and can be transferred between different bacterial cells.
Another possible approach is introduction of new microbial species or strains into the digestive system [8]. In the context of rumen manipulation, this entails transferring microbes from one ruminant animal to another.  For example, Leucaena leucocephala was discovered to induce mimosine toxicity in Australian goats, while Hawaiian goats demonstrated resistance to it, despite consuming the same plant species without experiencing the same ailment. Subsequently, introducing enriched cultures derived from the ruminal contents of Hawaiian goats to Australian ruminants resulted in the development of resistance against leucaena poisoning [9]. 
3.1.1 Challenges in Genetic Rumen Modification
1. The majority of these microorganisms cannot be cultivated outside of the rumen, and our knowledge of the rumen microbiome is still quite restricted. 
2. The process of genetically modifying bacteria is extremely complex and demands a high level of expertise.
3. Most genetically created non-rumen bacteria do not thrive in the physiological conditions of the rumen (the half-life of genetically engineered Prevotella ruminicola is 30 minutes only). 
4. Low success rate: There hasn't been much success in genetically modifying rumen microorganisms. 
5. The process of creating, evaluating, and implementing genetically engineered organisms or animals is expensive. Widespread adoption requires that the advantages outweigh the disadvantages, which is challenging in animal industries with poor profit margins.
6. Research needs: Additional studies on the genetics and biochemistry of these organisms are required.
7. Ethical questions arise when genetic modification is applied to animals raised for food. Another layer of complexity is added by the strict regulations that govern the use and release of GMOs in the food chain.
3.2 Non-genetic manipulation: 
There are several approaches to achieving this objective. For example- Physical approaches include feed manipulation adjusting the concentrate and forage ratio. Chemical approaches include Ionophore compounds, organic acid, defaunation agents, plant secondary metabolites, halogenated compounds, and probiotics (Direct Fed Microbes).
3.2.1 Ionophore Compounds: 
Ionophores, a class of compounds, exhibit toxicity against various microorganisms, including bacteria, protozoa, and fungi, as well as higher organisms. Consequently, they meet the conventional definition of antibiotics [10]. The most common examples of ionophores compounds are monensin, salinomycin, lasalocid etc. Monensin, initially formulated as a coccidiostat for poultry [11], subsequently demonstrated its influence on ruminal fermentation. Notably, it reduced methane production [12], decreased protein degradation to ammonia [13] and increased the ratio of propionic to acetic acid production [11]. Ionophores effectively reduce ruminal methanogenesis without exhibiting toxicity to methanogenic bacteria. 

3.2.2 Organic acids:
Organic acids have been demonstrated to reduce methanogenesis [15] and prevent the reduction of ruminal pH [16]. Examples of organic acids include fumaric acid, aspartic acid and malic acid etc. Malic acid, in particular, induces propionate and succinate production by Selenomonas ruminantium bacteria, thereby limiting the availability of hydrogen to methanogenic bacteria and consequently reducing methanogenesis. Selenomonas ruminantium bacteria utilize lactate as an energy source [17]. In the presence of malate, S. ruminantium effectively utilizes lactate, preventing the reduction of ruminal pH.
3.2.3 Defaunation agents:
Removal of these protozoa from the rumen is known as defaunation. Among rumen microbes, protozoa are the largest in size and account for a significant 40-50% of the total microbial biomass [18]. The separation of newborn animals from their mothers shortly after birth and preventing contact with adult animals could be an effective method of defaunation. Chemicals used for defaunation includes copper sulfate, manoxol and sodium lauryl sulfate (These chemicals are administered either orally, via a stomach tube, or through a rumen fistula. The introduction of high-energy feeds, such as cereal grains like maize or barley, to the diet of animals that have undergone a 24-hour fast will cause a significant decrease in pH levels, dropping below 5.0. This acidic environment effectively eliminates ciliate protozoa, resulting in the defaunation of the animal. 
3.2.3.1 Effects of Defaunation
1. Inhibition of methane production.
2. Enhancement of bacterial population within the rumen fluid.
3. Augmentation of nitrogen outflow from the rumen.
4. Reduction in rumen ammonia concentration.
5. Increase in fungal zoospores.
6. Elevation of net ruminal microbial nitrogen.
7. Improvement in body weight gain.
8. Decline in crude fiber digestibility.

Note- Effects should be explaines more clear, its very short.

3.2.4 Probiotics (Direct Fed Microbes) 
It has been demonstrated that adding live microbial cultures (probiotics) which include bacteria, yeast, and fungi as natural feed additives can increase rumen metabolic activity, optimize nutrient use, and increase overall productivity in ruminants. Bacteria like Lactobacillus, Bifadibacterium, Probiotics and yeast like Saccharomyces are commonly used as probiotics. This enhanced the degradation of the dietary forage fraction in mixed diets by enhancing the overall population of rumen bacteria, particularly cellulolytic bacteria.
4. Conclusion
The manipulation of the rumen ecosystem is very important for improving feed efficiency, enhancing animal productivity, and promoting environmental sustainability in ruminant livestock production. 
NOTE-Little bit more emphasis should be given on conclusion part.
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