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Precision Nutrition, A Dynamic Step in the Poultry Industry:
Opportunities and Challenges

Ramyar Gharedaghi!”
1 Ph.D. Student of Poultry Nutrition, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

d | https://doi.org/10.22059/ domesticsj.2026.414968.1243

Precision poultry nutrition represents a significant advancement in improving bird performance within the
poultry industry. This approach involves the precise adjustment and delivery of nutrients based on the actual
conditions of the flock, ensuring that each bird or group of birds receives the appropriate amount of feed at the
optimal time. Given that poultry have varying nutritional requirements at different ages, precision nutrition enables
these changes to be addressed on a daily or even real-time basis. The primary objectives of this strategy include
enhancing production performance, reducing feed conversion ratio (FCR) and production costs, minimizing the
excretion of waste compounds such as nitrogen and phosphorus, and ultimately safeguarding bird health and
welfare. In contrast to conventional feeding systems, where a fixed diet is typically provided to the entire flock,
precision nutrition incorporates a wide range of variables, including age, genetic strain, body weight, growth rate,
environmental temperature, health status, actual feed intake, and production stage. For example, when high ambient
temperatures in poultry houses lead to reduced feed consumption, this system allows for increasing the nutrient
density of the diet to compensate. To a certain extent, these practices are already implemented through phased
feeding programs and adjustments based on flock conditions. However, there remains a considerable gap between
current practices and the ideal of fully individualized precision feeding. It is also important to note that excessive
attention to fine-tuning dietary formulations, while overlooking the natural variability of feed ingredients and actual
feeding behavior, may occasionally result in suboptimal performance. Such issues are typically mitigated by
incorporating a safety margin and maintaining continuous monitoring of the flock. By taking into account ingredient
variability and real-time data—including feed intake, growth performance, and environmental conditions—diets
can be periodically revised and adjusted to ensure that the practical performance of the flock does not decline. The
ultimate goal is to tailor the diet to each bird based on its unique genetic and physiological requirements. Although
achieving this ideal appears challenging, particularly given the large number of birds in commercial operations,
ongoing advancements are bringing this goal closer to reality. Alongside the clear benefits of precision nutrition—
such as increased productivity and profitability, reduced feed costs, improved growth and health outcomes, and
diminished environmental impact—several challenges must also be acknowledged. These include the high cost of
measurement and modeling technologies, the necessity for accurate and real-time data, the complexity of
management, and the practical difficulties of implementing individualized nutrition on a large scale. Currently, the
application of precision nutrition lies at the interface between advanced research and industrial practice.
Nevertheless, substantial progress has been made in this field, and its adoption is steadily expanding.
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Abstract

Bovine colostrum, the initial mammary secretion post-parturition, is indispensable for the survival and
physiological well-being of newborn calves. Owing to the epitheliochorial structure of the bovine placenta,
which precludes the transplacental transfer of immunoglobulins, calves are born agammaglobulinemic.
Consequently, their passive immunity is acquired exclusively through the timely ingestion of adequate
quantities of colostrum. This review investigates the role of colostrum-derived metabolites and bioactive
compounds in modulating the expression of genes associated with immune function and overall health in
calves, utilizing a nutrigenomics perspective. By synthesizing existing literature on colostrum bioactive,
metabolomics, nutrigenomics, and passive immune transfer, this study elucidates the complex mechanisms
underlying colostrum’s biological significance. The analysis reveals that colostrum functions not merely as a
source of energy and nutrients, but as a potent epigenetic regulator. Key components—including microRNAs,
nucleotides, nucleosides, growth factors, cytokines, immunoglobulins, transferrin, and oligosaccharides—
orchestrate the expression of genes critical for immune responsiveness, intestinal barrier maturation and
integrity, gut microbiota modulation, and the regulation of inflammatory responses. This early-life molecular
programming enhances calf survival rates during the critical neonatal period and exerts long-lasting effects on
immune competence throughout the animal’s productive lifespan. Furthermore, variations in colostrum
composition are influenced by genetic, individual, and environmental factors. Evidence suggests that antibody
levels in colostrum, milk, and serum possess a significant heritable component, with specific genomic regions
influencing these traits being identifiable. Consequently, identifying these genetic markers offers a promising
tool for mitigating Failure of Passive Transfer (FPT) through targeted genetic selection. While proper
colostrum management remains a fundamental practical strategy for enhancing calf health in commercial dairy
operations, integrating genetic selection for colostrum quality into breeding programs represents a forward-
looking approach. Such strategies have the potential to reduce reliance on antibiotics and significantly improve
overall herd productivity.
Keyword(s): Bioactive components, Colostrum, Epigenetics, Metabolomics, MicroRNA
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Abstract

Today, broiler farming is the most intensive branch of animal husbandry and a rapidly expanding broiler
industry worldwide. The emergence of antibiotic-resistant bacteria has necessitated the replacement of
antibiotics with other low-risk/safe products such as prebiotics, probiotics, extracts, and essential oils of
medicinal plants. Medicinal and aromatic plants are rich sources of biologically active compounds such as
antioxidants, natural antibiotics, and anti-inflammatory substances that can help improve the immune system,
growth, and meat quality of broilers. In recent years, herbal extracts and essential oils have been considered
as growth promoters and health enhancers because these essential oils have potential antimicrobial, antifungal,
antiparasitic, and antiviral properties. The use of herbal extracts and essential oils in the diets of these birds
has led to improved growth performance, reduced antibiotic use, and increased meat quality (in terms of flavor,
texture, and nutrients). In addition to strengthening the digestive system and reducing intestinal diseases, these
compounds can be effective in controlling oxidative stress, promoting liver health, and reducing the likelihood
of microbial contamination. Lean meat produced by consuming herbal extracts and essential oils through
poultry diets reduces the risk of hyperlipidemia in consumers. Therefore, the use of extracts and essential oils
of medicinal and aromatic plants in poultry nutrition can be considered as a sustainable and healthy solution
in broiler chicken production.
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Abstract

During sperm cryopreservation, oxidative stress is recognized as one of the major factors contributing to
reduced sperm motility, viability, membrane integrity, and ultimately fertilizing capacity. Compared with
other cell types, sperm cells are particularly vulnerable to oxidative damage due to their limited cytoplasmic
volume, low levels of intracellular antioxidants, high content of polyunsaturated fatty acids in the plasma
membrane, and pronounced susceptibility to lipid peroxidation. The supplementation of antioxidants into
semen extenders has been proposed as an effective strategy to mitigate cryoinjury and cold shock during the
freezing—thawing process; however, the stability and bioavailability of these compounds may be compromised
during cryopreservation. Berberine, a plant-derived alkaloid with potent antioxidant properties, is limited in
practical applications due to its low bioavailability. In this context, berberine-loaded nanoparticles (nano-
berberine) have emerged as a promising approach to enhance stability, cellular uptake, and protective efficacy
against oxidative stress. Accordingly, the present review aims to summarize and critically evaluate the
antioxidant effects of berberine and nano-berberine in semen cryopreservation media, with particular emphasis
on their roles in improving post-thaw sperm quality in animal species. This strategy may contribute to the
advancement of selective breeding programs, improvement of artificial insemination efficiency, enhancement
of frozen semen quality, preservation of valuable genetic resources, and conservation of endangered animal
species.
Keyword(s): Antioxidants, Berberine, Nano-berberine, Oxidative stress, Sperm cryopreservation
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Abstract

Colostrum, also known as beestings or colostrum, is the first mammary secretion produced by dairy cows
after parturition. It plays a fundamental role in the transfer of passive immunity, regulation of neonatal
metabolic responses, and improvement of calf survival and future performance. The process of colostrum
production (colostrogenesis) occurs mainly during the final weeks of gestation and around the onset of calving,
and it is influenced by complex hormonal and physiological changes. A decline in progesterone concentration,
concurrent with an increase in prolactin and glucocorticoids near parturition, initiates the secretory
differentiation of mammary epithelial cells and the selective accumulation of immune components,
particularly immunoglobulin G (IgG), within the alveolar lumen. Regulation of the permeability of the blood—
milk barrier and structural modifications in mammary epithelial tight junctions are considered key mechanisms
in this process. In this context, the neonatal Fc receptor (FcRn) plays an important role in the active and
selective transport of IgG from the bloodstream into mammary secretions, thereby determining the
immunological quality of colostrum. In addition to internal physiological regulation, the nutritional and
metabolic status of the cow during the prepartum close-up period has a significant impact on both the quantity
and quality of colostrum. Adequate supply of metabolizable protein, maintenance of energy balance, and
control of metabolic stress have been reported to be associated with increased IgG concentration and improved
colostrum composition. Furthermore, inflammatory and oxidative stress markers during late gestation may
affect colostrum volume and its immunoglobulin profile. Management-related factors, including the length of
the dry period, timing of the first milking after calving, use of oxytocin, and environmental or seasonal
conditions, can also lead to considerable variation in colostrum production and quality. Overall, colostrum
production in dairy cows is a multifactorial phenomenon involving interactions among hormonal regulation,
mammary barrier function, immune status, and nutritional management. A comprehensive understanding of
these mechanisms provides the scientific basis for developing effective strategies to optimize colostrum
quality and enhance calf health and performance.
Keyword(s): Colostrum, Immunoglobulin, Mammary Epithelial Cells, Parturition
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Abstract

Sperm cryopreservation is a well-established strategy for preserving genetic resources and supporting
livestock breeding programs. However, the freeze—thaw process induces oxidative stress through excessive
production of reactive oxygen species (ROS), leading to lipid peroxidation, disruption of membrane integrity,
and DNA damage, which ultimately reduces sperm quality and fertility potential. Therefore, the application
of antioxidant compounds has gained considerable attention as a promising approach to mitigate cryodamage.
Quercetin, a natural flavonoid with strong antioxidant capacity, has shown potential for scavenging ROS and
enhancing antioxidant defense systems, thereby contributing to the preservation of sperm structure and
function. Despite these biological advantages, the practical application of free quercetin is limited due to poor
solubility, low stability, and reduced bioavailability. Recent advances in nanodelivery systems, particularly
nanoliposomes, offer a promising approach by improving compound stability, enabling controlled release, and
enhancing interactions with the sperm membrane. The utilization of novel drug delivery systems, particularly
nanoliposomes, possesses the potential to improve stability, provide controlled release, and enhance
interaction with the sperm membrane, although its precise biological efficacy across various livestock species
remains to be fully elucidated. Focusing on laboratory and experimental studies, this analytical review
evaluates the role of free quercetin alongside the preliminary evidence of its encapsulated counterpart on the
quality indices of frozen livestock semen. The reviewed findings indicate that while the targeted application
of nanolipid systems could emerge as a promising strategy, its definitive generalization requires broader field
trials due to the severe limitation of experimental evidence in the livestock sector.
Keyword(s): Controlled release, Delivery systems, DNA damage, Flavonoid antioxidants, Nanolipid,

Oxidative Stress
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Abstract

Oligosaccharides play an important role as prebiotic compounds in improving intestinal health and
increasing the nutritional efficiency of poultry. These compounds have been proposed as an effective
alternative to growth-promoting antibiotics by stimulating the growth of beneficial microbiota, reducing the
population of pathogenic bacteria, and improving the physiological conditions of the digestive tract. The use
of oligosaccharides in poultry diets has received special attention in recent years due to concerns related to
antibiotic resistance and the need for sustainable production. Oligosaccharides are among the most important
compounds that can help improve the digestion and absorption of nutrients by increasing the population of
beneficial bacteria, such as bifidobacteria. These compounds create an unfavorable environment for the growth
of pathogens by reducing intestinal pH and producing short-chain fatty acids, and as a result, they improve
growth performance and feed conversion ratio in poultry. Mannan-oligosaccharides are also extracted from
yeast cell walls and play a prominent role in preventing the attachment of pathogenic bacteria to intestinal
cells. These compounds reduce the risk of gastrointestinal infections by blocking surface receptors for
pathogens such as Salmonella and E.coli. In addition, mannan-oligosaccharides help to increase general health
and improve carcass quality in poultry by stimulating the innate immune system and improving immune
responses. Xylo-oligosaccharides are also known as a new generation of prebiotics that play an important role
in improving feed efficiency by increasing digestive enzyme activity and improving fiber digestion. These
compounds provide more suitable environmental conditions for poultry farming by reducing ammonia
production and improving litter conditions. Overall, the use of oligosaccharides can significantly improve
intestinal health, growth performance, and productivity of the poultry production system. In this review, we
discuss the impacts of some of them.
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