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Abstract

Nutrigenomics is relatively new area of science which requires more appraisal and further research.
Therefore, it must be well understood before it is applied in the field of agriculture particularly in
animal science. From earlier few studies, it has been learnt that nutrigenomics and allied sciences
have significant importance to serve as modern tool for nutritional research in comprehending the
problems related to animal production and health. But the level of awareness is not that much raised
for maximum exploitation of the science. For this reason, efforts have to be exerted to uncover the
state of current knowledge, skill and practices how nutrigenomics helps in boosting animal
productivity and health condition. One of the approaches to expand this knowledge is using various
dissemination mechanisms such as bringing together the information from different sources,
analyzing and interpreting. In scientific or research language, this is referred as review. To this
end, literature and articles related to animal nutrition and health which were produced over several
years are browsed and reviewed. Based on the review, it is possible to recognize that the future of
animal nutrition requires intensified feeding and precise nutrient specification of animals. Hence,
understanding the importance of nutrigenomics, exploring how it works, and identifying what
benefit it has is the scope of the review. This piece of paper is therefore written to describe what
nutrigenomics mean, its importance, how it can be applied and what contribution it has to the field
of animal sciences.
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Introduction

The genome is the entire
deoxyribonucleic acid (DNA) sequence of an
organism including  structural  genes,
regulatory sequences and non-coding DNA
sequences. The human genome is estimated
to encode up to 30 000 genes, and responsible
for generating more than 100,000
functionally distinct proteins (Trujillo et al.,
2006). Genomics is the systematic study of
the genome and is an approach of mapping,
sequencing, and analysis of all genes present
in the genome focusing on resolving the
variation in the genome between individuals
(Cassar-Malek et al., 2008; Flench et al,
2011). Functional genomics aims to uncover
both the functional roles of different genes
and how these genes interact with and
influence each other in the functional
network underlying health and disease. With
the completion of the Human Genome
Project, it was realized that a new era in
biological and medical sciences was
beginning. This is often referred to as the
‘omics’ revolution (Mariman, 2006).

New technologies and knowledge from
the Human Genome Project were combined
with those of established scientific
disciplines  like  pharmacology  and
toxicology. These combinations are leading
to the terms ‘pharmacogenomics’ and
‘toxicogenomics’. In the same manner, the
introduction of genomics approach in
nutritional sciences lead to the scientific area
called ‘nutrigenomics’. The nutrigenomics
science is relatively new field of study that
requires advancement since it is important in
regulation of genes that affect performance of
animals. Hence, the intent of this review is to
briefly define nutrigenomics highlight how it
impacts genes and its importance in the field
of animal sciences particularly its application
in animal nutrition.

76

Approach

This short review is conducted by
gathering related information from various
data sources through browsing different
websites, reputable journal articles, and
published and print materials. The analysis
has involved twenty-eight scientific writings
of which twenty one are directly talking
about nutrigenomics in animal nutrition,
production and health, whereas the rest are
talking public health nutrition and research
related to the field. From the literature,
concept, the use and impacts of
nutrigenomics from the view point of animal
nutrition have been synthesized and finally
conclusion has been drawn.
Application of nutrigenomics in animal
nutrition
The conventional animal feeds and nutrition
study and research largely focuses on
correcting deficiencies, animal nutrient
relations and responses of animals to specific
feeds or nutrients. However, techniques like
genomic revolution enables science of
nutrition to be related to gene expression
(Collins,et.al., 2003). Of the recent advances
in omics, applications in animal nutrition are
proteomic, metabolomic, and bioinformatics.
These are now making their ways to solve the
intervening puzzle between nutrient and
genes (Daniel, 2002). Hence, understanding
the current knowledge about nutrigenomics
helps the farm animal nutrition process for
efficient and up-to-date technological
utilization. In this line, Tryhurn (2003)
anticipated that the science of nutritional
genomics could be one of the important areas
in the study of nutrition as nutrients are
dietary signals, detected by the cellular. The
science of nutrigenomics has received much
consideration these days due to its potential
in preventing, mitigating and treating chronic
disease and certain cancers. In the modern
science, it has been documented that about
99.9% of human genomes are identical and
there is only 0.01% difference that occurs due
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to single nucleotide  polymorphisms
(SNPs). According to Thorisson and Stein
(2003), there are about 3.1 million SNPs with
high polymorphic nature present in human
genome that create variability among
individuals. This SNP database can be used
to identify genetic variants within population.
Moreover, some types of cancer
and cardiovascular diseases are among the
most evident pathologies sensitive to
nutritional modulation (Kant, 2004; Sales et
al., 2014). Cognizant to this, appreciation of
the food risk factors is important which will
help to diminish the impact of such non-
communicable destructive health factors in
population.

The activities of genes are regulated by
the signals of metabolic activities in the
nucleus which intern are controlled by
hormones, and environmental factors such as
nutrients (Harland, 2005). With this regard,
research in nutrition has given attention to the
function of nutrients on gene expression and
its regulation in the animal body (Mdller et
al., 2003; Chavez, et.al.2003; Ghormade et
al., 2011; Fenech et al., 2011). Reen et al.
(2015) indicated that nutrient is not simply a

chemical element in cell or tissue but it is
involved in a function to regulate gene
expression (Fig. 1). In the figure, nutrients
may act directly as ligands for transcription

factor receptors (pathwayA); may be
metabolized by primary or secondary
metabolic  pathways, thereby altering

concentrations of substrates or intermediates
(pathway B) involved in gene regulation or
cell signaling; or alter signal transduction
pathways and signaling (pathway C).

The science of genomic research in the
areas of proteomic and metabolomic
techniques have made possible the
understanding of nutrients in food elements,
to enable defining the function of nutrient-
gene interaction at the cell and individual
level. Nutrigenomics is the appreciative
sense that enables professionals in the field to
know how nutrients determine the genetic
expression of individuals (Chadwick, 2004;
Kaput et al, 2005). The science of
nutrigenomics helps in identifying important
nutrients such as amino acids, digestive
enzymes, hormones, etc which can be
synthesized in the animal.
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Fig. 1. Fate and activities of nutrients in the cell. Source: Reenet al.2015
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Importance of nutrigenomics in of animal
production, reproduction and health

Application of nutrigenomics has a
number of advantages in animal nutrition
including the feed efficiency, vyield of
animals, reproduction  efficiency and
improving of animal immune systems. The
possible application of nutrigenomics was
reviewed by different authors (Zdunczyk and
Pareek, 2008; Pal, 2018). Among the
components of nutrigenomics,
transcriptomics and metabolomics are the
potential techniques used to efficiently
understand the molecular actions taking place
in a genome receiving nutritional signals and
responding to them through characteristic
metabolic processes in the organism.

The  nutrient  requirement  for
maintenance and production varies according
to genetic variation which enables to apply
selection to choose superior animals for feed
efficiency (Carstenset al., 1989). The review
of Ghormade et al. (2011) and Benitez et al.
(2017) indicated that the application of
nutrigenomics helps to properly manage
nutrients and with the gene of the animal,
control the interaction of nutrients with the
gene and help to understand how nutrients
regulate reproduction. Mudasir et al. (2018)
describes that the nutrition of animals
particularly in aquatic animals, the
expression of genes can be altered through
modification feeding. From a practical point
of view, gene expression studies allow for the
identification of pathways and candidate
genes responsible for economically important
traits (Castiblanco et al.,, 2018). Dietary
manipulations and nutritional strategies are
key tools for influencing ruminant
production. There is a usual belief that
nutrition and genetic makeup both
strongly influences the reproductive
performance of milk animals. This is
particularly important during the transition
period and early lactation when the animal
is particularly sensitive to nutritional
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imbalances. In addition, in a report of Mondal
et al. (2016), the application of
nutrigenomics,  particularly  proteomics
enhances gene expression in growing animals
and improves growth performance.

In the shifting situation of animal nutrition,
the study of nutrigenomics helps to
understand how nutrients and gene
expression interact in relation to production
and reproduction of animals. A study
conducted on steers exposed to restricted
nutrition of low-quality feeds has shown that
the effects of gene expression were
influenced in that steers were not able to
respond due to anatomical and physiological
stresses of limiting nutrients (Byrneetal.,
2005). Moreover, a study conducted by Rao et
al. (2001) elucidated that this notion of
nutrigeomics and study of diet induced gene
expression is discovered in which selenium
deficiency shown to alter protein synthesis at
transcriptional level. Pajovi¢ (2008) also
elaborated that nutrients can interact with the

genome and modify subsequent gene
expression.
Another study indicated that the

regulation of milk fat content in dairy cows
can be affected as genes could discern a
pattern of those genes that regulate fat
digestion and absorption, and which had the
most significant influence on milk fat (Krag,
2013). The discovery of gene markers which
are related to economically important traits
like milk, meat, and wool production etc.
whose expression can be improved by dietary
regimens 1s a need of today’s nutrigenomic
research which will help for sustainable
livestock production. The science of
nutrigenomics has been given more attention
in nutrition studies as it is believed that
nutrigenomics has a potential to help
producing immune system to certain disease
and can be way to treat completely chronic
diseases like cancer. A general study
conducted by Tellez et al. (2014) indicated
that nutrigenomics is the connection that
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directly correlates food with animal health
and determines the phenotype of an
individual.

These studies are good indicators to
illustrate that nutrigenomics can be used to
identify the specific markers to maneuver
gene expression through use of nutrients or
their combinations so as to improve
productive as well as overall animal
potential or performance. In general, the
future of nutrition in animals seems to be
better dependent on the science of
nutrigenomics as it would be instrumental for
identification of pathways and candidate
genes responsible for dietary induced
diseases and ultimately reduction in
production losses due to the effects of
diseases in animals. These past studies can be
fairly taken as virtuous indicators of the
potential of nutrigenomics to control diseases
and ensure health of individuals, and the
current state of knowledge could be
springboard for future applied research in
animal sciences.

Conclusion

This piece of review indicated that
nutrigenomics will be a potential to serve as
modern tool for nutritional research in
mitigating the problems related to animal
production and health. Therefore, more
knowledge and understanding on how
nutrients influence every physiological
process in the animal body will be an
advantage for nutritional management. Hence,
the future innovations in nutritional research
with use of various molecular technologies
will undoubtedly bring up to date
understanding of nutrient gene
interrelationship and help to define new
methods for managing animal production.
Finally, by targeting the specific gene
through nutritional manipulation, it may be
possible to get the desired livestock
performance in terms of health as well as
production.
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