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A definition of “nutrition” appears as a simple concept “the act or process of nourishing or being nourished” (Merriam-Webster, 2020). While nourishing appears simple, the concept entails providing a growing list of nutrients that individually meet specific requirements. Animal nutrition research is predominantly targeted toward the commercial production of food and hence, efficiency. The optimization of that efficiency has long been a driving force in the design and implementation of animal nutrition research. While production efficiency remains a primary goal in animal nutrition research, societal concerns and improvements in the knowledge of animal nutritional physiology drive modern research objectives.

One of the fundamental concepts of nutrition is the study of nutrient utilization (Baker, 1986). Experiments such as these are the foundation of nutritional science as measures of nutrient balance or the biological response to a limiting nutrient are used to determine a requirement or to characterize a new feed ingredient. These methods often employ multiple or diverse species and models to ascertain or demonstrate a concept in a practical matter (Baker, 2008). It is anticipated that the objectives drive the choice of method or particular model in that a rat might serve as a model for a human or a cow depending on the scientific question to be answered.

The category of animal nutrition encompasses many species of livestock and companion animals. Within each species, there is a fundamental need to define nutrient requirements occurring throughout the production stage or life cycle. Plus, there may be contrasting goals as production agriculture strives for rapid growth whereas, companion animals may spend the majority of their existence as an adult at maintenance with the goal to maximize health and longevity. These goals may not be completely exclusive and thus, emphasize the need for a complete understanding and description of animal physiology behind the requirement and use for each nutrient.

Modern animal production relies on the synthesis of feeding systems that are derived from the compilation of research into models to predict nutrient needs and animal responses (Poppi and McLennan, 2010). Numerous such systems have been developed (NRC, 2006, 2016; Volden, 2011; INRA et al., 2018) and all have strengths and weaknesses. For example, amino acid needs for swine and poultry can be closely defined whereas these data for ruminants are still hindered by the complexity of the digestive process. Therefore, the efficacy of these models must be continually evaluated and challenged (Daniel et al., 2020). Future research must use the latest tools to continue to provide new inputs to further refine and validate these systems.

One perpetual challenge for nutrition research is the ever-changing nature of the subjects and production systems. Animal production continually selects for genetic improvement which can substantially change productivity, the efficiency of nutrient use, and nutrient requirements (Warner et al., 2007; Gidenne et al., 2017). This process is critical for meeting the increasing world food needs (Hume et al., 2011). The increasing demand for food must be met by increasing productivity and efficiency while decreasing environmental impact. To accomplish this, nutrition research plays a critical role. Manipulations such as altering carcass composition to increase lean can improve efficiency but requires changes in amino acid nutrition (Liao et al., 2015). Changes in amino acid nutrition must be optimal to minimize environmental impact (Tessari et al., 2016). Collectively, this scenario means that nutrition research is ever-evolving, changing as the animal changes and its needs are continually refined. Future research must continually adapt to address these needs.

Modern agricultural production is not without its issues and detractors. Substantial effort has been expended in the study of the environmental impacts of intensive animal production. A major issue that has been highly scrutinized is methane production by livestock and its contribution to global greenhouse gas production (Lassey, 2008). The goal here is not to debate the relevance or magnitude of the problem, or whether it is a lesser or greater problem than the efficiency of nitrogen use and its excretion by livestock (Calsamiglia et al., 2010) or other aspects of the environmental sustainability of livestock production (Rotz, 2020). Rather, our goal is to provide research that addresses these challenging problems, specifically, how to provide the optimal nutrition that results in minimal nutrient excretion or emission. Nutrition that produces meat, milk, or eggs with the lowest input and has the least impact on the environment or humankind. Research that provides a more desirable or healthier product (Burnett et al., 2020). These are all examples of issues that will drive research objectives in the future. Human health, environmental impact and product costs are all global concerns and these will drive consumer concerns and the need for animal nutrition research of the future. This must be done while increasing the production of food to meet the needs of a growing population.

Animal nutrition is driven by cost and providing the best nutrition at minimal cost will always determine the choice of inputs. To this end, the use and evaluation of potential feed sources for livestock is both historical (Quicke et al., 1959) and a critical component of modern livestock feeding and production (Luciano et al., 2020). The use of by-product feeds is critical to economical livestock production and research to evaluate new products and feed sources (McCusker et al., 2014) will continue to be a much needed and highly relative component of nutrition research. This area may be expanded with the growing demand for niche markets such as organic food production, the desire for less intensive, alternative production systems (Clay et al., 2020), and the world demand for a growing sustainable food supply (Beltran-Peña et al., 2020). All of these aspects will shape future nutrition research emphasis.

The concept of functional foods has generally been associated with human nutrition research (Domínguez Díaz et al., 2020). This is because of the relationship between health and longevity that is generally associated with living a long life whereas food production focuses on efficiency as opposed to longevity. However, many aspects of this functional food field are directly associated with improved nutrition, and many nutraceuticals that claim health-promoting properties have a role in animal agriculture (Gao et al., 2020). Their role may be increasing with the pressure to reduce the use of antibiotics in animal production (Oliveira et al., 2020). Natural feed additives (Cieslak et al., 2013) will play a role in animal production along with functional ingredients (Maqsood et al., 2020), probiotics (Al-Shawi et al., 2020), essential oils (Curabay et al., 2020), feed enzymes (Rossow et al., 2020), genetically modified grains (McNaughton et al., 2020), and many other functional ingredients. All will need to be evaluated in current production systems across multiple animal species.

In addition, functional foods of animal origin can be highly desired by consumers (Viana et al., 2020) and may play a role in improving human health (Moughan, 2020). The production of foods such as these, e.g., increasing the omega-3 composition of meat (Burnett et al., 2020), will require research on how the diet can be modified to produce this desired outcome. This will need to done while maintaining an eye on environmental impact and cost, thus it is just another of the many challenges ahead.

The study of nutrition is a never-ending journey to discover the optimum needs of every individual. Individual variation alone makes the journey an arduous one. Add to that continuous genetic improvement of each animal species and the challenge becomes optimizing needs for a moving target. It means the need for nutrition research is real and truly is never-ending. Future animal research will rely on familiar concepts but will expand the outcomes for a better view of the host and when coupled with the study of the genome will link these to the function of the endocrine system, the immune system, or the microbiome. All of these are influenced by nutrition, interact with the environment, and are keys to a better understanding of animal nutrition.
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