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ANIMAL PRODUCTION AND HEALTH

MICROORGANISM AND ANIMAL: EXPLORING SYMBIOTIC 
RELATIONSHIP

Asad Ullah KHARIK

Symbiotic relationships between microorganisms and animals are fundamental to biotechnology, 
offering a myriad of applications in various industries. This chapter provides an overview of symbiosis, 
highlighting its historical context and significance in biotechnological processes. It explores the 
microbial diversity involved in symbiotic relationships, emphasizing the role of bacteria, fungi, and 
protists in biotechnological applications. The chapter also discusses symbiosis in biotechnological 
processes, including microbial fermentation, bioremediation, and biopharmaceutical production. 
Furthermore, it examines the engineering of symbiotic relationships through genetic manipulation 
and synthetic biology, addressing ethical considerations and challenges. Case studies illustrate 
successful symbiotic relationships in biotechnology, showcasing their impact on industries. The 
chapter discusses the environmental and economic implications of symbiotic biotechnology, 
highlighting its sustainability and potential for bio-based industries. It concludes with a discussion on 
future directions and emerging trends, emphasizing the importance of understanding and harnessing 
symbiotic relationships in shaping the future of biotechnology.

Introduction

The topic of animal health and productivity is vast and diverse, including everything from 
illness prevention and nutrition to selective breeding and efficient management techniques. However, 
a secret world—a tiny domain teeming with life and deep influence—underlies the production and 
well-being of animals. With their animal hosts, microorganisms, the unseen builders of the natural 
order, create complex and often necessary connections that influence the very food we consume 
and have an effect on agricultural systems (LeBlanc, Lissemore, Kelton, Duffield, & Leslie, 2006).

The term "living together," which comes from the Greek "symbiosis," refers to a wide range 
of interactions that occur between various types of organisms. Symbiosis is the foundation of many 
biological processes, ranging from mutualistic partnerships where both parties gain (mutualism) 
to parasitic connections where one-party gains at the cost of the other. The complex network of 
mutualistic interactions has the most revolutionary potential when it comes to animal health and 
output (Paracer & Ahmadjian, 2000).

Bees carry out a vital task as they buzz from flower to blossom: pollination. Plant reproduction 
relies on this exchange to produce fruits, seeds, and the next generation of blooming plants. The 
bees get delicious nectar and protein-rich pollen in exchange, which provides vital nutrition for 
their colonies. It's a prime illustration of symbiosis, in which both sides get concrete advantages 
and support the growth of their mutual environment (Kevan & Phillips, 2001).

However, symbiosis goes well beyond these apparent alliances. Consider the partnership that 
exists between ants and acacia plants. The acacia's delicious nectar and unique dwelling structures 
attract the ants, who then turn into ferocious protectors of their home plant. To ensure the acacia's 
continuous growth and survival, they even drive away rival plants and fight off herbivorous insects. 
The complex interdependence that results from symbiotic partnerships serve as a reminder of their 
enormous ecological importance (Richardson, Allsopp, D'ANTONIO, Milton, & Rejmánek, 2000).

 Much closer to home, many symbiotic microorganisms live within our own bodies. There are 
many bacteria, fungi, and viruses in our skin, respiratory system, and, most importantly, digestive 
system. The microbiome, an internal ecology, is known to perform a startling array of functions in 
our overall health and wellbeing. Our immune systems are trained to distinguish between friends 
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and foes by gut microbes, which also assist in the breakdown of complex foods and the synthesis 
of vital vitamins. Disruptions in this complex community have been associated with problems that 
impact our emotions and mental health as well as ailments including allergies and inflammatory 
bowel disorders (Wilson, 2005).

 The productivity and general health of the animals we raise for food are governed by the 
same laws that govern human health. Cattle, sheep, and goats are examples of ruminant animals 
that have an amazing digestive system made up of many stomachs (Hofmann, 1989). A variety 
of microorganisms, including bacteria, protozoa, archaea, and fungus, participate in a symphony 
of metabolic activities inside the biggest of these, the rumen. The hard cellulose plant matter that 
makes up the ruminant's diet is broken down by these microorganisms, generating volatile fatty 
acids that the host animal consumes and uses as its main energy source. The foundation of ruminant 
nutrition is this collaboration, which allows the animals to flourish on normally indigestible grasses 
and forages (Van Soest, 1994).

 Considerable promise for real-world applications exists in the research of symbiotic interactions 
in the context of animal health and productivity. Probiotics, which are living microorganisms that 
benefit their host when given in the right doses, may be used to alter the delicate balance of our 
internal microbiomeAs well as for pharmacological use, probiotics are also being researched in 
veterinary medicine for enhancing the effectivity of the animals' immune system and for promoting a 
healthier digestive system which can eventually lower the need for antibiotics that are administrated 
during animal-raising. (Johnson, Graham, & Smith, 1997).

Advancing beyond the practically endowed probiotics, new methods of disease prevention in 
animals might be opened through deepening our knowledge on symbiosis. The studies show that 
specific symbiotic kinds of bacteria become interact with inflammatory procedures, enhance the 
host defense mechanism against pathogenic invaders and even educate the immune system. Using 
such integrated relationships strategically may induce revolutionary improvements in the notion 
of animal health management and disease prevention. Ranging from farming that is symbiotic, 
symbiotic principles enter the sphere of sustainable agriculture that battle some of the most grave 
environmental issues currently faced by us. (Holmgren, 2020). The production of biofuels is in 
a great deal possible as they the decomposition of cellulose requires a lot energy and is highly 
notoriously. Research will be carried out on how the microscopic organisms living symbiotically 
in the intestines of animals like the termites are able to break down plant materials and wood with 
ease and thereafter devise a bioreactor that will function very well. Therefore, such inventions are 
necessary part of the diversification of the energy production, of lessening its environmental impact, 
and of development of a hybrid renewable fuel created of agricultural waste streams. (Cherubini, 
2010).

 In addition to that, the cattle feeding and nutrition are made symbiotic. The microbiome of the 
rumen, which is very complex, is targeted by the researchers because it influences feed efficiency, 
causes methane emissions—a major greenhouse gas, and later on it determines the performance of 
the animals. These development could be the solution to beef production efficiency and sustainability 
at the same time which would reduce the global food insecurity. (Godfray & Garnett, 2014). 

However, what needs to also be kept in mind is that we still have limited knowledge in the 
essence of microbe-animal symbiosis which is quite a large and complex realm. While the present 
alliances make their contribution to development, some are still beyond sight and not so understood 
that their benefits are not even realized yet. We churn out new processes for creating industrial 
products, agriculture, and animal health on the basis of every link that we identify and existing 
mechanism that we identify. On the same theme, recent articles reveal that the bacteria of some 
insects digest plastic by symbiosis and, hence, could be key agents in the degradation of synthetic 
substances on land and in the oceans. (Doz & Hamel, 1998). Could this information be used to 
create innovative bioremediation techniques to address the expanding issue of plastic pollution? 
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There are many opportunities inside these covert alliances. 

It is important to take a comprehensive approach as we explore symbiosis in more detail. The 
intricate balance of these interactions is sometimes influenced by a variety of events, making them 
seldom straightforward or predictable. The long-term effects of any treatments intended to modify 
symbiotic systems must be carefully taken into account. In addition, ethical issues must come first, 
giving animal welfare and the correct use of biotechnology first priority (Thompson, 1994).

 	 Science, scientific curiosity, and the desire for a more sustainable and healthier 
future for people and animals alike drive the study of animal-microbe symbiosis. It's an area that 
encourages cooperation amongst veterinarians, ecologists, microbiologists, and engineers since it 
blurs the limits between conventional specialties (Bud, 1994). With each step forward, we unveil 
new layers of complexity and awe-inspiring potential, leading us towards solutions to real-world 
problems and a deeper understanding of the interconnected web of life. This field is not merely 
about advancing knowledge; it holds the key to shaping a better, more harmonious future where 
humans, animals, and the ecosystems we all depend upon thrive in unison (Kimmerer, 2013).

Symbiotic Relationships

Symbiotic relationships are of great importance in the context of nutrient cycling and 
ecosystem stability. Bacteria in the root nodules of leguminous plants fix nitrogen, which is to say 
they convert atmospheric nitrogen to a form usable by plants. This is useful both to the bacteria 
and the plant. In the gut micro-biome of animals, symbiotic relationships are critical to digestion, 
immune system development, and protection from pathogens (DeAngelis, 2012).

Figure 1. Symbiotic Relationship and its types

Biotechnological Applications

An understanding of symbiotic relationships has led to several highly successful biotechnological 
applications. In agriculture, the use of symbiotic nitrogen-fixing bacteria as biofertilizers has allowed 
the reduction of synthetic fertilizer use thereby lowering both cost and environmental impact. In 
human medicine, a similar strategy is now quite widely employed in that probiotics (food with 
live beneficial microorganisms) are now commonly used to restore microbial balance in the gut 
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and as a treatment for a variety of digestive disorders (Ramanan, Kim, Cho, Oh, & Kim, 2016). 

Table 1: Biotechnological Applications of Animal-Microorganism Symbiosis

Field Symbiotic 
Relationship

Animal/
Human

Microorganism Application References

Animal 
Health

Mutualism: Gut 
Microbiome

Animal Beneficial gut 
bacteria (ex: 
Lactobacillus, 
Bifidobacterium)

Probiotics 
(improves 
digestion, 
potential 
broader health 
impacts)

(Sender et 
al., 2016)

Animal 
Health

Commensalism: 
Skin 
Microbiome

Animal Various skin 
bacteria and 
fungi

Support for 
healthy skin, 
protection 
against 
pathogens

(Grice, 2023)

Animal 
Health

Mutualism: 
Ruminant 
Digestion

Ruminants 
(cattle, 
sheep, 
goats)

Rumen bacteria, 
fungi, protozoa

Improved 
digestion of 
plant material, 
nutrient 
extraction

(Hobson 
& Stewart, 
1997)

Environ-
mental

Mutualism/
Commensalism: 
Bioremediation

Animals 
(various)

Microbes 
capable of 
degrading 
pollutants

Breakdown of 
contaminants 
in animal 
waste, 
contaminated 
sites

(Van Hamme 
et al., 2003)

Food Pro-
duction

Mutualism: 
Fermentation

Animals Bacteria and 
yeasts (ex: 
Lactobacillus 
in yogurt, 
Saccharomyces 
in bread)

Food 
preservation, 
flavor 
development, 
creation of 
fermented 
products

(Steinkraus, 
2002)

Challenges and Future Directions

Despite its potential benefits, leveraging the power of symbiotic relationships in biotechnology 
has its challenges. One such challenge is their inherent complexity, necessitating an interdisciplinary 
approach for its comprehensive comprehension and application. Future research should aim to 
explore new symbiotic relationships, reveal the underlying mechanisms of those that are already 
established, and thereby deliver innovative biotechnological solutions across these relationships 
(Davis & Eisenhardt, 2011). 

The Role of Microorganisms in Animal Health

Microorganisms are the main players in the health and welfare of animals. The microbiota 
is made up of the microorganisms-fungi, the bacteria, archaea, viruses and protozoa. Good of 
organisms such as bacteria, archaea, and fungi and others make up the microbiome in the skin, 
gastrointestinal tract, and reproductive. Plats of the organs is considered to be of very high impact 
to the animal health levels. The role of the microflora in digestion, immune system formation, 
and gets rid of the pathogens is known by now. Based on facts, and there is a demanding need to 
find out what an organic matter has and how the process of decomposition takes place. Which is 
not only directed to better animal health but also to advance biotechnological usage (Hoffmann, 
Proctor, Surette, & Suchodolski, 2016). 
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Composition of the Microbiota

The microbiota includes a wide variety of microorganisms: bacteria, archaea, fungi and 
virus. They are species that form very complex microbial ecosystems which each one of them has 
a particular profile. It includes the characteristics of the animal species, its diet and its habitat. In 
the gut of mammals, the gastrointestinal tract (GIT) is a passage where they digest material orally. 
Bacteria were even in the majority and this was mainly the corresponding detection of the dominants. 
Bacteroidetes and Firmicutes reported in Xu et al. Study implied that these microorganisms exist. 
Hence the yet unknown varieties of organisms are in the habitats and living under such circumstances 
and biotypes. Where led to digestion and performance of some nutrients' functions sensors and 
peaks (Gomaa, 2020). 

Functions of the Microbiota

The host's microbiota fulfils lots of vital roles which are accountable for the animal's fitness. For 
example, the microbiota performs digestive purposes, which are degrading complex carbohydrates 
and proteins hence the host cannot produce in facet. Besides, the microbiota contributes to the early 
immune system shaping through the time of its development. Educating the immune system to choose 
between harmful pathogen and actual wellbeing microorganisms (Zmora, Suez, & Elinav, 2019).

Impact of Microbiota Imbalance

Imbalances in the microbiota, called dysbiosis, can have profound impacts on animal health. 
Dysbiosis may arise due to factors such as antibiotic treatments, diet changes, or stress, and can 
cause disorders of digestion, immune system function, and increased susceptibility to infections. 
Understanding and managing dysbiosis is a crucial endeavor in maintaining animal health and 
harnessing the full potential of biotechnological applications (Carding, Verbeke, Vipond, Corfe, 
& Owen, 2015). 

Future Directions in Microbiota Research

Future research on the microbiota should be directed toward uncovering the mechanisms 
that mediate microbe-animal associations and studying the many ways microbiotas impact animal 
physiology and behavior. In order to provide the greatest benefits before, during, and after birth, 
strategies must be developed to purposely manipulate microbiotas to enhance animal health and 
production outcomes (Hong, Shang, Sun, Tang, & Wang, 2023). 

Biotechnological Applications of Animal-Microorganism Symbiosis

The potential of the symbiotic relationships between animals and microorganisms in 
biotechnology has been recognized for a long time. From improving animal health and nutrition 
to enhancing environmental sustainability, there have been a wide range of applications. Thus, 
many authors have described and interpreted the main biotechnological applications of animal- 
microorganism symbioses and their implications. This chapter is devoted to explore some of these 
applications and suggest some others not always sufficiently investigated by the scientific community 
yet (McFall-Ngai et al., 2013). 

Probiotics in Animal Nutrition

Probiotics, micro-organisms capable of fulfilling functional roles and administered in adequate 
quantities, capable of providing either a protective or beneficial effect. Common reasons that can 
motivate pet owners to switch to the raw food diet has to do with general health benefits to the 
host, which is currently the most emphasized area in animal nutrition. They have been used to 
increased feed nutrient assimilation, and boosted immune response, the effect of which is to increase 
the quality and yield of the product. Play a huge role as well as in prevention of gastrointestinal 
illnesses. Slowly but steadily, these disorders will be reduced to a minimum level. Favorably for 
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the most frequent case. For protection of human health pro-bio-microbial Biodegradation is found 
in Environmental clean-up around the world (Macpherson, 2005). 

Lactobacilli are a key group of bacteria found in many probiotic supplements, playing a crucial 
role in promoting health in both humans and animals. They are naturally present in the gut, where 
they contribute to a balanced microbiome and support various bodily functions. Lactobacilli-based 
probiotics are often used in poultry farming to boost intestinal health and increase production. For 
example, supplementing broiler chicken diets with Lactobacillus acidophilus and Lactobacillus casei 
dramatically enhanced growth performance, feed efficiency, and gut architecture. This shows that 
lactobacilli may play an important role in improving poultry productivity and health {Jha, 2020 #2}.

   

Figure 2. Role of lactobacillus sp in improving poultry productivity and health

Microbial Biodegradation

Microbial transformations are major forces in the process of cleaning up the environment. 
Microorganisms and microbial communities responsible for rendering pollutants into less hazardous 
forms are being decisive elements substances. This practice is referred to as biodegradation and 
is commonly employed in wastewater treatment, fermentation of organic waste into biogas, and 
recycling of end-of-life products. The role of plants in accumulation of organic pollutants in soil and 
contaminated sites cleaning. Sustainable management of livestock waste relying on the synergies 
between the livestock and the microorganisms can enhance the value of the waste from the earth 
nutrient perspective biodegradation process (Cunningham, Anderson, Schwab, & Hsu, 1996). 

Microbial Diversity for Animal Health and Production

The expression “microbial diversity” means the variety of microbes in a specific environment. 
Revealing this microbial diversity in the area of animal health and production involves the 
application of such a wide range of microbes as weapons against pathogens and growth promotion. 
Maximizing energy conversion efficiency and reducing environmental concerns. The importance 
of such microbial diversity and the biotechnology application are both discussed in this chapter.
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Importance of Microbial Diversity

The significance of microbial diversity in the conservation of ecosystem stability and dynamics 
is unquestionable. In animal systems microbes have a diversity across the gut, skin and some 
other body parts. The rest of body sites also has huge impact on metabolism and digestion and the 
growth and the activity of the immune defense, the protection against pathogens. Understanding 
and preserving microbial as well, sustainability of agriculture and for animal production involve 
diversity (Bull, Ward, & Goodfellow, 2000).

Animal Health Applications

Utilizing the diversity of microbes will lead to the discovery of novel and better solutions. 
Methods of developing new probiotics, prebiotics and symbiotic, which improve animal health. 
Such products are intended to ensure animal health which is a reflection of positive benefits for the 
consumers as well. Consumer by enhancing nutrient absorption and defending immune functions, 
and concurrently, lowering the risk of gastrointestinal disorders in animals. Animals will become 
healthier and thinner, so they will no longer need antibiotics (Woo, Lau, Teng, Tse, & Yuen, 2008). 

Applications in Production Efficiency

Microbial diversity can also be deployed to boost the efficiency of feed and animal production. 
For instance, microbial enzymes can be employed to break down complex feed components into their 
simpler, more digestible forms, which can in turn improve feed efficiency and nutrient utilization. 
Moreover, microbial fermentation processes can be used to make a diverse range of valuable 
products ranging from biofuels to enzymes to products of chemical synthesis, from an almost 
equally diverse range of waste materials generated during agriculture (Adeola & Cowieson, 2011). 

Future Directions in Harnessing Microbial Diversity

The detection of unknown biochemical pathways suggests that the microbial species themselves 
may also have great potential for application to animal health and production. Collaboration among 
researchers, industry, and policy makers will be essential for the proper stewardship of microbial 
diversity in biotechnology. Advances in metagenomics and other molecular methods are revealing 
a rich resource of functional activities not yet encoded in the genomes of known bacteria. Future 
work will be focused on the isolation of new species to test in animal-production systems and the 
culture-independent discovery of genes and gene families with clearly defined roles in supporting 
animal life (Franzosa et al., 2015). 

The Impact of Microorganisms on Animal Behavior

Microorganisms play a major role in shaping the behavior of animals. They influence a variety 
of behaviors including feeding, social interactions, and mate preferences by mechanisms, which 
are explored in this chapter, with impacts for biotechnology.

Influence on Feeding Behavior

The gut microbes can affect the feeding behavior by mediating the release of neurotransmitters 
as well as hormones that regulate appetite. For instance, some short chain fatty acids (SCFA) that 
are generated by certain strains of gut microorganisms evoke the production of satiety hormones 
that eventually halt the food intake (Van de Wouw, Schellekens, Dinan, & Cryan, 2017). 

Impact on Mating Preferences

Microorganisms also can make an animal's choice of mate recognizable. In one experiment, 
the author demonstrated that microbial community changes in the gut were followed by dramatic 
changes in steroid hormone production by the liver resulting in altered pheromone or other signaling 
molecules that might suggest reproductive status. Such an alteration in behavior will influence 
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reproduction success and population dynamics too (McFall-Ngai et al., 2013).

Biotechnological Implications

The process of coming to realize the impact of microorganisms on animal behavior was not 
just a fun scientific observation. Fundamental biotechnological considerations are also there.

Such an example could be the altering of the intestinal microbes which could change the 
feeding behavior of livestock so as to make it more efficient and less harmful to the environment. 
In addition to this, learning about how microbes are important for social interactions provides 
clues on the ways in which stress levels can be lowered and welfare status can be enhanced in 
domesticated animals (Broom, Johnson, & Broom, 1993).

Appropriate Illustrations on Symbiosis in Biotechnology

Case study brings valuable knowledge concerning how symbiosis can be potentially used for 
practical applications in biotechnology. This section will concentrate on a few of the instances of 
symbiosis that have been combined to tackle the main agriculture, medicine, and ecology challenges.

Example; Rhizobium-Legume Symbiosis

One of the most well-known examples of symbiosis in agriculture is the association between 
rhizobium bacteria and leguminous plants. Rhizobium bacteria infect the roots of legume plants 
(e.g., soybean or alfalfa) and form nodules, where they fix atmospheric nitrogen into a form that 
can be taken up by the plant and used for growth. The relationship is thought to supply 15–20% 
of non-symbiotic N2 and reduces the demand for synthetic nitrogenous fertilizer in agricultural 
plantings, thereby reducing its associated environmental footprint and cost (Gage, 2004).

Challenges and Ethical Considerations in Harnessing Symbiotic Relationships

While symbiotic relationships present numerous opportunities in biotechnology, there are 
also significant challenges and associated ethical considerations. In this chapter, the essence of 
some of the main issues as well as ethical aspects of opting to engage in this kind of symbiotic 
relations have been discussed.

Environmental Impact

The main obstacle and the ethical issue of such big science project is the consequences for 
nature when such technologies are used in real life, as there is a probability of negative environmental 
impact. Altering microbial communities. In what of non-native microorganisms are added by the 
ecosystem, it is then very impossible to know what the consequences might be of that interaction. 
These transformations can put at risk ecological equilibrium, with so many long-term effects that 
may turn to be unpredictable. It is paramount that all the possible dangers and chances brought by 
these associations is examined under close scrutiny (Folke, 2006).

Antibiotic Resistance

Bacteria facing antibiotics develop resistance to them is an innate process that is, however, 
quickened due to their panting as a drug in the farm animals as well as in human and veterinary 
medicine. Furthermore, the microbes used by biotechnology to improve plant development could 
also contain many complicated genes that may modify the resistance against antibiotics. It is a 
must that the drug resistant mutants should not be able to share their pathways with the single cell 
organisms or above the level organisms (Sassetti, Boyd, & Rubin, 2003).

Ethical Considerations

Additionally, the ethical aspects of the employment of symbiotic relationships in biotechnology 
end up with the need for considering the issues resulting from the animals involved in experiments 
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just as the ones showing the benefits and consequences of the usage of genetically modified micro-
organisms in the production of food. Not only is it important for research or applications to follow 
ethical rules, but it is also crucial for them to build ethical standards by themselves (Beever & 
Kemp, 2000)

Regulatory Frameworks

At the same time, it is essential to create regulatory frameworks that foster the use of symbiotic 
relationships in biotechnology while also protecting the health of humans, animal welfare, and 
the environment. Thus, creating effective regulatory frameworks will require the cooperation and 
input of policymakers, scientists, and other stakeholders.

Addressing these challenges and ethical considerations will be essential for harnessing the 
full potential of symbiotic relationships in biotechnology. It will be crucial to continue efforts to 
Develop sustainable practices that encourage the use of symbiotic relationships in biotechnology, 
minimize risks to human health, animal welfare, and the environment (e.g., by ensuring that only 
safe, well-tested symbiotic relationships are used) and employ them in a way that respects human 
rights and is beneficial to society and the environment (Peixoto et al., 2022).

Future Prospects: Emerging Technologies in Symbiotic Relationships

As technology continues to advance, increased opportunities are emerging to exploit symbiotic 
relationships for both basic and biotechnology applications. This chapter will survey some of the 
emerging technologies that are poised revolutionize the field of symbiosis and their biotechnology 
applications.

Microbiome Engineering

Microbiome engineering involves the deliberate modulation of microbial communities to 
achieve specific, desired outcomes. This may involve the development of custom probiotics/
prebiotics that can be used to improve production efficiency in agriculture, or to treat specific health 
conditions. By modulating microbial communities, it may be possible to optimize the symbiotic 
relationships that exist among members in the community (Frey-Klett et al., 2011).

Synthetic biology

SFA researchers are intrigued by the potential of synthetic biology to engineer beneficial 
symbionts. Synthetic biology is a rapidly growing field that focuses on the design and construction 
of new biological parts, devices, and systems. In the context of symbiosis, synthetic biology can 
be used to engineer microorganisms with enhanced functional capabilities; for example, enhanced 
nutrient uptake or the production of valuable compounds. These engineered microorganisms could 
enable new approaches to enhance agricultural productivity, develop novel therapeutics, or cleanup 
environmental pollutants (Andrianantoandro, Basu, Karig, & Weiss, 2006).
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