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ABSTRACT
Genomics offers a promising solution by enabling precise cattle selection and breeding 
to boost productivity and sustainability. In Peru, livestock plays a crucial role in the 
economy and food security. Despite its importance, the sector faces significant 
challenges, including poor pasture quality, limited conservation practices, a shortage of 
trained professionals, minimal use of genomic tools, and an incomplete understanding 
of the genetic potential of both native and introduced breeds. Since the 1940s, Peru 
has advanced in genetic improvement through artificial insemination, improved semen 
preservation, the establishment of a National Semen Bank, and the introduction of new 
breeds. Key developments have included embryo transfer, in vitro fertilization, and 
pioneering cloning efforts. Future perspectives for livestock genomics in Peru involve 
expanding bioinformatics capacity, improving genomic infrastructure, and integrating 
genomic selection into national breeding strategies. This review discusses the history, 
current status, challenges, and future perspectives of livestock genomics in Peru.

Introduction

Livestock production is a crucial pillar of Peru’s economy and food security in Peru, accounting for 
6% of the Gross Domestic Product (GDP) and employing 24% of the Economically Active Population 
(EAP), or 4 million jobs nationwide.1 This sector is made up of approximately 1,764,660 rural house-
holds, of which 486,829 are cattle breeders, mainly small farmers and peasant communities that own 
Creole cattle and their crossbreeds. Peru currently has a cattle population of approximately 5,101,895 
head, which produces 1,115,045 tons of milk and 135,854 tons of meat annually.2 The cattle sector is 
composed of around 1,764,660 rural households, of which 486,829 are cattle breeders, primarily small-scale 
farmers and peasant communities owning Creole and crossbred cattle.3 Approximately 70% of the 
national herd is managed under smallholder systems, with most producers owning fewer than 10 ani-
mals.2,4 In contrast, commercial and large-scale producers represent a smaller proportion of the total, 
but manage improved breeds and utilize more intensive systems, especially in coastal dairy basins.

Despite its importance, the sector struggles with several critical issues to achieve sustainable pro-
duction that meets the growing demand for meat and milk, while minimizing its environmental and 
social impacts. The seasonality of production, driven by fluctuating weather patterns, leads to incon-
sistent supply and price volatility, which affects both producers and consumers.5 Additionally, the 
quality and availability of pasture and forage are insufficient, with many regions experiencing over-
grazing and soil degradation, further impacting the sustainability of feed sources. Conservation 
techniques are underdeveloped, resulting in poor management of forage and crop residues that could 
otherwise enhance livestock nutrition.6
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The genetic quality of the cattle population remains a major challenge. With around 90% of cattle 
being Creole and crossbreeds,4 the productivity is generally lower compared to improved breeds, 
particularly imported breeds such as Holstein, Brown Swiss, Jersey, Simmental, and Brahman, which 
have been introduced for their higher milk or meat yields. This is compounded by low reproductive 
efficiency, high mortality rates of young animals, and the high cost of intensive production systems, 
which affects profitability.2 Moreover, the scarcity and cost of high-quality breeding stock limit oppor-
tunities for genetic improvement. There is also a noticeable delay in adopting advanced technologies 
and practices, hindering overall progress.

Bovine genetic improvement, through the application of genomics, is a key tool to overcome these 
challenges, increasing productivity and efficiency, and improving the quality of derived products. 
Genomics enables a more precise approach to cattle selection and breeding, facilitating the identifi-
cation of desirable genetic traits that can improve production in a sustainable manner and reduce 
negative environmental impact.7 Additionally, advancements in feed technology and conservation 
methods could enhance the quality and availability of nutrition, while improved management practices 
can address environmental impacts.

Policy support is critical to integrating these advanced technologies into the sector. Investment in 
research, infrastructure, and education is essential to foster innovation and ensure that small-scale 
farmers can benefit from new developments. Strategic partnerships between government agencies, 
research institutions, and industry stakeholders will be crititcal to achieving sustainable growth and 
strengthening the sector’s resilience to future challenges.

This review provides a comprehensive analysis of the current state of genomic research in cattle 
breeding in Peru, assesses the progress made in leveraging genomic tools for improving livestock 
genetics, and explores future perspectives and potential advances in this field. This review aims to 
identify key achievements, challenges, and opportunities in the application of genomic technologies 
to improve cattle breeding practices, and to propose strategies for integrating these advances into 
Peru’s agricultural sector to achieve sustainable and improved livestock production.

History of Peruvian cattle genetic improvement

Genetic improvement in Peruvian cattle breeding has progressed considerably since the 1940s (Figure 1),  
with the advent of artificial insemination as a key milestone. In 1943, Dr. Mackenzie performed the 
first artificial inseminations in sheep at the LAIVE farm, located in Huancayo, which marked the 
beginning of the application of biotechnology in Peruvian livestock. In 1945, the artificial insemination 
service for cattle was officially established in Peru with the importation of Holstein bulls from Canada. 
This service underwent a significant improvement in 1950 with the implementation of the Yema-Citrate 
dilutor, which optimized semen preservation and increased the efficiency of the artificial insemination 
process.8,9

In 1982, the National Semen Bank was created, a key institution in the field of genetic improve-
ment in Peru., was established. This bank has played a crucial role in selecting sires from various 

Figure 1. T ime-line of the history events of the Peruvian cattle genetic improvement.
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regions of the country and distributing millions of semen straws, which has significantly contributed 
to the increase in the genetic quality of Peruvian cattle.10,11

The 1970s represented a crucial period for genetic improvement in Peruvian cattle breeding, with 
the introduction of the Simmental and Fleckvieh breeds in the highlands through an agreement with 
the German Technical Cooperation. These breeds, designed for the dual purpose of milk and meat 
production, demonstrated remarkable adaptability to the harsh conditions of the Andean region.12 In 
1999, the Peruvian Ministry of Agriculture intensified genetic improvement efforts by importing 
Fleckvieh embryos from Germany. These embryos were implanted in cows from the Universidad 
Nacional Agraria La Molina (UNALM) and the Sociedad Agrícola de Interés Social (SAIS) Túpac 
Amaru, which was a significant milestone in the expansion of this genetics in the country.13

The development of advanced biotechnologies has played a fundamental role in the genetic improve-
ment of cattle breeding in Peru. In 1999, at the Artificial Insemination and Embryo Transfer Laboratory 
of the Calzada Livestock Farm, research was initiated to produce F1 bovine embryos (Gir Lechero x 
Holstein and Gir Lechero x Brown Swiss), with the objective of optimizing productivity in both milk 
and meat. This effort was expanded in 2003 with the implementation of in vitro embryo production 
(PIVE), although still in its early stages, reaching success rates below 30%.14

In 2011, important advances were recorded in bovine embryo production under tropical conditions 
in Peru, using a hormonal stimulation protocol that allowed achieving a pregnancy rate of 40.9% in 
recipient cows. This result confirmed the efficacy of embryo transfer as a key tool in the genetic 
improvement of dairy cattle in the country. The following year, in 2012, in vitro fertilization protocols 
were standardized in the Reproductive Biotechnology Laboratory of the EEA Canaán, obtaining up 
to 40% of viable embryos, which represented a significant advance in the development of adaptive 
technologies (INIA, 2012).

In 2014, the National Institute for Agrarian Innovation (INIA) inaugurated the first Animal 
Reproductive Biotechnology Laboratory in Junín, which represented a significant boost in the pro-
duction and transfer of embryos with high genetic quality. This infrastructure has considerably 
shortened the time needed to obtain purebred animals, in addition to improving accessibility to 
breeders of high genetic value for small producers in the region (INIA, 2014).

The Universidad Nacional Toribio Rodríguez de Mendoza (UNTRM) has stood out as a leader in 
bovine cloning in Peru. In 2015, UNTRM conducted the first cloning experiment using bipartition 
in the country, followed in 2016 by the first bovine cloning employing the Handmade Cloning tech-
nique.15 In 2017, the institution achieved a significant milestone with the first bovine somatic cloning 
in Peru, which resulted in the birth of the Alma C-I clone.15 This progress continued in 2020 with 
the birth of clones Luzi I and Luzi II,16 which were subsequently inseminated in 2022 with semen 
of high genetic value in 2022, resulting in the birth of two calves, representing a significant progress 
in the genetic improvement of Fleckvieh-Simmental cattle in the country.17

Evolution of genomic technologies in animal husbandry

Introduction of genomic technologies in the last decade

Rapid advances inmolecular genetics have enabled the direct quantification and detailed study of 
genomic diversity, eliminating the need for statistical inference based on genealogical data, even in 
populations without genealogical records.18,19 Currently, molecular genetic markers are among the 
most effective tools for genomic analysis, as they allow the study of the association between heritable 
traits and underlying genomic variation. This capability is fundamental not only for analyzing genetic 
diversity within a population but also for investigating genetic relationships between different popu-
lations. Before the introduction of DNA analysis, biochemical polymorphic traits were traditionally 
used to study genetic differences within and between populations and to estimate genetic divergence.20 
During the 1970s, numerous studies analyzed genetic variability between livestock populations using 
blood groups and allozyme systems.21 These studies became indispensable for optimizing selection 
strategies in farm animals, as some polymorphic alleles can be associated or linked to economically 
important traits.
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The progress of genomics and its applications in livestock farming has led to significant improve-
ments in the biological prediction of various genetic traits. Leading dairy-producing countries, such as 
Canada, Ireland, Australia, the United States, France, the United Kingdom, the Netherlands, New 
Zealand, Germany, and the Scandinavian countries have integrated genomic evaluations into their 
breeding programs, resulting in important changes in the global dairy industry.22 In addition to the 
dairy sector, genomic technologies have also significantly advanced beef cattle breeding. Breeds such 
as Angus, Hereford, Simmental, and Brahman have benefited from the identification of genomic regions 
associated with growth, feed efficiency, meat quality, and adaptability to different environments.23,24 
These advances highlight the broad applicability of genomics across both dairy and beef cattle sectors. 
The evolution of genomics shows how this technology has become an essential tool, moving from 
genome sequencing to approaches such as genome-wide association studies (GWAS), whole-genome 
prediction (WGP), and the selection of complex traits through genomics.25 In the 1990s, initial genetic 
evaluations using microsatellite markers successfully identified quantitative trait loci (QTLs), which 
were associated with the variation of quantitative traits in the phenotypes of a population.26

To advance these technologies in the cattle industry, the first genome sequencing studies of the 
cattle species (Bos taurus) were conducted in Hereford cattle.27 Later, the Holstein breed genome was 
sequenced and used as a reference to compare genomic variation with the Hereford breed.28 In bovine 
species, approximately 22,000 genes have been identified through sequencing analyses, providing a 
fundamental dataset for future applications in dairy cattle selection programs.27,28 In Bos indicus, the 
genome has also been sequenced in the dairy breeds Gyr, Girolando, and Guzerat.29 The first com-
mercial genotyping chip, containing about 54,000 single nucleotide polymorphisms (SNPs), was 
introduced in 2007, allowing genomic evaluations in different dairy breeds such as Holstein, Jersey, 
and Brown Swiss in the United States since 2009, and later in the Ayrshire and Guernsey breeds in 
2013 and 2016, respectively.7

Next-generation sequencing and SNP genotyping

The availability of complete genome sequences has facilitated the use of highly efficient genetic 
markers (10,000 to 1,000,000 SNPs), significantly improving the accuracy of trait prediction. This 
technology relies on high-capacity genotyping platforms, such as DNA arrays or SNP chips.25 
Additionally, technologies such as gene expression profiling using DNA microarrays (MGEP) have 
become widely used in functional genomics and transcriptomics studies. It is expected that, in the 
near future, genomics and transcriptomics currently based on SNP chips or microarrays will be 
replaced by next-generation sequencing (NGS) technologies, combined with statistical biology and 
bioinformatics.30

The advancement of automatic and semi-automatic techniques for detecting DNA polymorphisms 
has replaced the use of protein polymorphisms with DNA polymorphisms as the preferred markers 
in genetic diversity studies.31 Currently, it is possible to estimate genetic diversity parameters directly 
from DNA, providing accurate results on genetic variation both among and within breeds, populations, 
and individuals. Since the 1990s, microsatellite molecular markers have been successfully used in 
paternity testing, individual identification, breed assignment in domestic animals, and genetic diversity 
characterization studies.32–36 Microsatellite marker maps were developed to estimate the additive genetic 
effects of these markers and were routinely used to detect quantitative trait loci (QTL) in most live-
stock species. This resulted in significant advances in genetic diversity analyses.37–40

In the last decade, contemporary genetic analysis has emerged thanks to high-throughput sequenc-
ing, offering genomic information such as single nucleotide polymorphisms (SNP) and whole-genome 
sequencing (WGS). SNPs, which are single mutations in the genome sequence present in both coding 
and non-coding regions, facilitate the analysis of both neutral and functional genetic variation.41 The 
availability of automated techniques, their low cost, and their high prevalence in the genomes of 
domestic animals have facilitated their adoption in livestock genetic studies. Currently, high-performance 
commercial SNP arrays are available for most livestock species, targeting genetic variants widely 
distributed throughout the genome. It is important to note that these arrays are mainly designed 
using commercial breeds, which may introduce a validation bias concerning local breeds.42
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Omics technologies in genetic improvement

The integration of omics technologies, such as genomics, metagenomics, metabolomics, proteomics, 
transcriptomics, epigenomics, and translatomics, has enabled the rapid and efficient identification of 
subtle phenotypic variations, dietary responses, and innate predispositions in animals.43,44 The imple-
mentation of these technologies in animal selection and breeding programs allows for precise esti-
mation of breeding values for early selection, reduces the generation interval, and increases the rate 
of genetic gain. Over the past two decades, these methodologies have revolutionized genetic selection 
in breeding animals.

For instance, in 2007, the first high-density genetic marker panel in cattle was released, containing 
54,001 single nucleotide polymorphisms (SNPs), facilitating genome-wide association studies (GWAS) 
and demonstrating the association between SNPs and quantitative trait loci (QTLs).45 Additionally, 
whole-genome sequencing (WGS) has been fundamental in identifying molecular signatures in selec-
tion and breeding.27,46 Molecular databases, such as those from NCBI, EMBL, and DDBJ, are used 
to analyze genomic diversity and the molecular and physiological basis of traits of economic inter-
est.47,48 Furthermore, omics technologies help identify and prioritize functional SNPs, thereby improving 
the accuracy of genetic selection.49 The combination of multi-omics data with bioinformatics and 
computational biology tools has given rise to high-dimensional biology (HBD), which allows the 
simultaneous analysis of genetic variation in genes, transcripts, proteins, and metabolites.50,51

In the context of Peruvian cattle breeding, recent studies have begun to apply high-throughput 
genomic technologies such as SNP genotyping and next-generation sequencing (NGS).52 published 
the draft genome of a Peruvian Creole bull, which included both nuclear and mitochondrial sequenc-
ing using Illumina platforms, marking one of the first implementations of NGS in local breeds. 
Additionally,53 used high-density SNP panels (BovineHD and Bovine100K) to assess population 
structure and genetic differentiation between commercial (Brahman, Braunvieh, Fleckvieh, Gyr) and 
Creole cattle, providing actionable data for genetic improvement strategies. These studies highlight 
the progressive incorporation of advanced genomic tools in Peru and underscore the potential of 
NGS and SNP technologies to enhance selection accuracy and preserve local genetic resources in 
future breeding programs.

Exploring the genome and microbiome: Integration of omics technologies in cattle

Advances in bovine genomics began in 2009 with the publication of the first bovine genome of the 
Hereford breed, marking a turning point in cattle genetic research. This genome, with over 90% of 
its assembly correctly assigned to chromosomes and an estimated size of 2.87 Gb, demonstrated 
remarkable accuracy and completeness. In 2017, the reference genome for beef cattle was updated to 
its fourth version (ARS-UCD1.2), integrating Illumina and PacBio sequencing technologies, resulting 
in greater continuity and more accurate gene annotation. Currently, the ARS-UCD2.0 version offers 
complementary sequencing data and more comprehensive gene annotation, providing more accurate 
and continuous genomic information for cattle.

The sequencing and assembly of the complete genome of Peruvian Creole cattle revealed an esti-
mated genome size of 2.58 Gb, with a sequencing coverage of approximately 47.44X.52 Analysis of the 
mitochondrial genome of this breed provided additional insights into its phylogeny, showing similarities 
with other species of the genus Bos and suggesting a possible relationship with native African breeds.54 
These findings underscore the importance of continuing to explore the genetic diversity of these local 
populations. Complementary analysis of the mitochondrial genome of the bull “Pumpo,” a prominent 
specimen from the Peruvian genetic nucleus, revealed a genome of 16,341 bp, comparable in size and 
organization to other members of the subfamily Bovinae, such as Bos taurus and B. indicus.55

The intestinal microbiota plays a crucial role in the health and well-being of farm animals, influ-
encing immune response, behavior, and stress response.56 The diversity and composition of the 
intestinal microbiota are recognized as key indicators of these animals’ health status, and fecal micro-
biota transplantation (FMT) has been proposed as a promising strategy to improve productivity, 
health, and well-being. In particular, the relationship between the microbiota-gut-brain axis and the 
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stress response has been studied,57 suggesting that microbiota manipulation could offer an effective 
pathway to mitigate the negative effects of stress in farm animals.58

A recent analysis of the intestinal microbiota in a genetic nucleus of cattle revealed that age and 
sex significantly impact microbial diversity and composition. Older animals had greater bacterial 
diversity and abundance, while sex had a significant influence on the structure of the microbial 
community. An increase in the presence of butyrate-producing bacteria, which are essential for intes-
tinal health and inflammation reduction, was observed. Additionally, variations in the microbiota 
were correlated with changes in blood parameters, underscoring the connection between microbial 
diversity and overall cattle health.55 These findings suggest that future strategies could focus on 
microbiota manipulation to optimize cattle health and performance, through the development of 
specialized diets and probiotics tailored to different ages and sexes.

Current status of cattle raising in Peru

The livestock sector in Peru constitutes an essential component of the rural economy, contributing 
41% of the agricultural gross domestic product (GDP).59 Despite its importance, livestock production 
in Peru faces significant challenges that limit its competitiveness and its ability to take advantage of 
opportunities at the global level. It is estimated that more than 70% of rural households depend on 
this activity, which remains vulnerable due to its limited profitability and competitiveness.60

Livestock production is a central activity in rural Peru and plays a key role in local economies 
through the commercialization of raw milk, artisanal dairy products and live cattle. Around 35% of 
national raw milk production is directed to the artisanal industry and self-consumption, with fresh 
cheese as the main derivative.60

The structure of cattle ranching in Peru is divided into three main categories: commercial cattle 
ranching, small and medium cattle ranching, and subsistence cattle ranching. Commercial cattle 
ranching, which is concentrated on the coast, is characterized by the use of advanced technologies 
and specialized breeds, representing approximately 9% of the total cattle population. In contrast, small 
and medium cattle ranching, found in the coast, highlands and jungle, uses medium to low sophis-
tication technologies. Finally, subsistence cattle ranching, which constitutes 57% of the cattle popu-
lation, uses low-technology production techniques and is mainly oriented toward subsistence 
consumption.61

The Peruvian government has established a specialized herd called the “Central Genetic Nucleus 
– EEA Donoso” with Brahman, Braunvieh, Gyr, and Simmental cattle breeds to promote research in 
reproductive technologies. This initiative was designed to improve techniques such as artificial insem-
ination and embryo transfer, aiming to improve livestock breeding efficiency and genetic quality. The 
project was part of a broader effort to modernize and innovate agricultural practices in Peru, ensuring 
better productivity and sustainability of the country’s cattle industry.62 Nowadays, the Central Genetic 
Nucleus have specialized-breed bulls such as Montbeliarde, Simmental, Gyr, Angus, Brahman, Braunvieh, 
F1 Simmental x Brahman and Brown Swiss (Figure 2).

Genetic variability

Cattle raising in Peru is characterized by the predominance of Creole cattle, which represent approx-
imately 65% of the country’s total cattle population.4 These cattle, direct descendants of cattle brought 
from the Iberian Peninsula in the 15th century, have developed a remarkable adaptation to local 
conditions, especially in the Andean regions. Creoles are highly valued for their ability to survive in 
environments with limited water resources and difficult terrain, making them a strategic option for 
livestock production under extreme climatic conditions.63 In addition, these breeds have shown resis-
tance to disease and play a crucial role in the conservation of local biodiversity and in the production 
of high-quality meat.

Recent research on ovarian follicular dynamics in Creole cows under grazing conditions in the 
high Andean zone of Peru highlights their ability to maintain a stable reproductive cyclicity, inde-
pendent of seasonal variations in nutrient availability. This suggests the presence of adaptive 
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physiological mechanisms that are crucial for their conservation and genetic improvement in high 
Andean livestock, which is fundamental for the implementation of reproductive biotechnologies.64

On the other hand, fasciolosis, caused by Fasciola hepatica, is one of the most important zoonotic 
diseases affecting cattle in the Andean region, with a prevalence of 55.72% in slaughterhouses in 
Huancayo. This disease not only causes significant direct economic losses due to the condemnation 
of infected livers, but also indirect losses due to the reduction in body weight of affected animals.65

Figure 2.  Specialized-breed bulls of the Central genetic nucleus, montbeliarde (a), Simmental (B), Gyr (D), Angus (D), 
Brahman (E), Braunvieh (F), F1 Simmental x Brahman (G) and Brown Swiss (H).
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Analysis of the Y chromosome in Peruvian Creole cattle has revealed low genetic diversity, with 
a clear influence of the European Y1 and Y2 haplogroups, suggesting a predominantly Iberian origin. 
An African influence has also been identified, although no evidence of Indic paternal lines was 
found.66 This unique genetic diversity is essential for the development of breeding programs and the 
conservation of genetic resources in the country.

Genetic diversity and population structure analysis comparing Braunvieh, Simmental, Brahman and 
Gyr with Creole cattle from Arequipa, a southern Peruvian region, grouped the Creole into a single 
cluster, suggesting the importance of their distinctive genetics,53 and the same analysis between four 
Peruvian regions (Cusco, Apurimac, Ayacucho and Puno) revealed that Puno Creole cattle differed 
from the other regions Creoles.67

Despite the importance of these creole breeds, they have been underestimated in terms of genetic 
research and breeding programs, which limits their potential to contribute to more sustainable live-
stock production adapted to local conditions. This situation highlights the need for more detailed 
genetic and phenotypic studies to maximize the use of these resources to improve livestock production 
in Peru.68

Genomics applications in Peruvian cattle breeding

Genomic resources are crucial for bovine genetic improvement in Peru, as they allow the selection 
of animals with optimal traits such as higher productivity and disease resistance. This optimizes 
production efficiency and contributes to sustainability by reducing inputs and better adapting to local 
conditions and climate change, thus promoting stronger and more profitable livestock farming.

Advanced sequencing of bovine genomes, facilitated by next-generation technologies, began with 
the sequencing of the first genome in 2009.69 Additionally, the development of commercial SNP chips 
has improved the understanding of cattle genomics and has led to the creation of SNP chips of 
different densities.26,45,70 These advances are being used to study genetic diversity, detect signatures 
of selection, identify important genetic variants that can be associated with production traits, and 
improve livestock production through genomic selection.

In Peru, the development of genomic resources for cattle is progressing thanks to the work of 
institutions and universities, however, these are scarce (Tables 1 and 2). In 2022, the mitochondrial 
genome of a Creole bull from the Arequipa region was published and the phylogenetic analysis 
grouped it with individuals from Africa;54 in the same year, the draft of the complete genome of this 
individual was published.52 The latest efforts were made this year, with the publication of the mito-
chondrial genome of a bull that is part of a central genetic nucleus.55 In addition, the country par-
ticipates in international networks and collaborates with global organizations to access advanced 
genomic resources such as the Bovine Pangenome Consortium.71

On the other hand, a study performed a diversity analysis among Brahman, Braunvieh, Gyr, 
Fleckvieh and Peruvian Creole using two SNP panels (BovineHD and Bovine100K), making the data 
available to other users.53 Although significant genomic resources have been developed and accumu-
lated for bovine research and genetic improvement, the technology used to date has not incorporated 
the most advanced sequencing techniques, such as those offered by the PacBio platform. This 
next-generation sequencing technology provides much longer and more accurate DNA reads compared 
to traditional technologies, allowing for better resolution of genome structure and more detailed 
identification of genetic variants and regions of interest.72

In the reproduction field, the Geri® time-lapse technology has emerged as an essential tool forin 
vitro production (IVP) of embryos, particularly in pigs and cattle, allowing for continuous and detailed 
observation of embryonic development.73,74 This system captures images at five-minute intervals, 

Table 1.  Reference genomes of animals sequenced in Peru.
Individual Release year Sequencing center Accession (bioproject)

Creole cattle 2021 Instituto Nacional de Innovación 
Agraria

PRJNA763011

Simmental (from genetic 
nucleus)

2024 Instituto Nacional de Innovación 
Agraria

PRJNA1097623
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providing a precise assessment of kinetic events during the early stages of development. The time 
required to reach the 2-cell stage was found to be a significant predictor of blastocyst formation, 
suggesting that morphokinetic analysis through time-lapse not only optimizes embryo selection, but 
also improves incubator space management and facilitates the rapid evaluation of new culture media 
formulations.75,76

In Peru, the implementation of the Geri® system (Figure 3A) at the Central Genetic Nucleus of 
the Donoso Experimental Station of the National Institute of Agrarian Innovation (INIA) represents 
a significant advance in cattle genomic selection. This technology, originally adapted for human 
embryos, has been successfully applied to in animal production, allowing continuous and precise 
monitoring of embryonic development.77 Its application is expected to increase efficiency in identifying 
the best candidates for transfer, thereby optimizing results in genetic improvement programs. The 
Geri® system provides an advanced tool for real-time morphokinetic evaluation, with the potential 
to have a significant impact on the country’s livestock production (PI CUI 2432072).

Additionally, the computer-assisted sperm analysis (CASA) system (Figure 3B) has revolutionized 
semen evaluation in livestock production, providing a crucial tool for improving the precision and 
objectivity in selecting high-quality semen for artificial insemination.78 Unlike traditional methods, 
CASA offers a detailed analysis of sperm motility, morphology, and concentration, which are funda-
mental factors in determining the fertilizing capacity of spermatozoa.78 The implementation of CASA 
in semen production centers optimizes sperm selection, ensuring that only those with the best char-
acteristics are used, reducing the need for additional doses, and improving the overall efficiency of 
the reproductive process. Furthermore, CASA provides quantifiable and reproducible data, facilitating 
the comparison of results between laboratories and breeding centers, thereby strengthening the sci-
entific basis for decision-making in livestock management.79

The INIA under MIDAGRI has implemented the first Computerized Bovine Semen Analysis System 
(CASA) in Huaral, allowing for an automated and precise evaluation of bovine semen. This technology 
aims to improve the genetic quality of cattle in Peru, promoting the production of offspring with 
higher productivity in meat and milk, thereby benefiting small and medium-sized farmers in the 
country.80

In the Amazonas region of Peru, a significant prevalence of fascioliasis has been documented in 
cattle, reaching 90.13%. This disease, caused by the parasite Fasciola hepatica, represents a consider-
able challenge to productivity, affecting meat and milk production and leading to economic losses 
due to the condemnation of infected livers. It is noteworthy that there are differences in susceptibility 
to infection between breeds, with the Brown Swiss breed being more susceptible and Creole cattle 
showing greater resistance. These results highlight the importance of using genomic tools to improve 
disease resistance, a crucial strategy for the sustainability and efficiency of livestock production in 
the region.81

Table 2.  Synopsis of genomic applications in livestock improvement in Peru.
Genomic application Description Impact

Genomic selection Identification of animals with superior productive 
traits and disease resistance.

Increased productivity and sustainability in 
livestock farming.

Genome Sequencing Use of advanced technologies to sequence 
bovine genomes and enhance genetic 
knowledge.

Better understanding of the bovine genome 
and its application in genetic 
improvement.

Genetic diversity analysis Study of genetic diversity in cattle breeds using 
SNP panels.

Conservation and enhancement of local 
breeds with a focus on genetic diversity.

Time-Lapse technology (Geri®) Continuous evaluation of embryonic 
development to optimize viable embryo 
selection.

Improvement in success rates of assisted 
reproduction programs.

Computerized Semen Analysis (CASA) Automated evaluation of semen quality to 
improve artificial insemination efficiency.

Ensures better quality of semen used in 
reproduction, optimizing costs.

Disease resistance Identification of genes related to resistance 
against diseases such as fascioliasis.

Reduction of economic losses and 
improvement in animal health.

Optimization of milk production Use of recombinant bovine somatotropin (rbST) 
to increase milk production efficiently.

Increase in dairy production profitability 
without compromising animal health.

Lactation curve modeling Application of mathematical models to analyze 
milk production patterns and optimize herd 
management.

Optimization of milk production throughout 
the lactation cycle.
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The integration of bovine genomics in the improvement of Creole breeds has the potential to 
increase the sustainability and efficiency of livestock production in Peru. Through the selection of 
desirable traits, such as resource use efficiency and disease resistance, it is possible to optimize pro-
ductivity without compromising ecosystem health. In addition, genomics can identify and preserve 
genes associated with the nutritional quality of meat, such as omega-3 fatty acid content, which is 
highly valued in organic and high-quality meat markets.63

The application of recombinant bovine somatotropin (rbST) has been demonstrated as an effective 
biotechnological tool to increase milk production without compromising cow body condition. This 
is particularly relevant in the Peruvian context, where increased milk production can translate into 
higher income for farmers, improving profitability in intensive production systems. However, it is 
crucial to consider the variability in animal response, influenced by factors such as management, 
feeding and climatic conditions, typical of tropical and subtropical regions. Research tailored to local 
conditions is essential to fully assess the impact of rbST and other biotechnologies on the sustain-
ability of livestock production. The integration of these technologies must be carefully planned to 

Figure 3. G eri® (A) and CASA (B) system at the laboratory of the Central genetic nucleus (Donoso Experimental Station).
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ensure their alignment with sustainable and ethical practices in livestock farming, maximizing benefits 
and minimizing risks to animal welfare and the environment.82

Finally, the modeling of lactation curves is presented as a valuable tool in the evaluation of milk 
production. A study conducted in Holstein cows in Peru used nonlinear mixed models, such as those 
of Wood and Wilmink, to analyze the lactation curve in an intensive production system. These models 
made it possible to identify production patterns and determine peak lactation and persistency, which 
is fundamental to improve efficiency and profitability in dairy production. The application of these 
models, together with genomic tools, can optimize the selection and management of high productivity 
cows, promoting more sustainable and profitable practices in dairy farming in the country.83

Culture and adoption of new technologies

In a study conducted in the district of Moyobamba, identified three groups of livestock producers 
with different characteristics were identified, underscoring the importance of education and the 
adoption of technological innovations. Producers with higher educational levels, especially those with 
university education, showed a greater willingness to adopt new technologies, including genomic 
applications in livestock farming. The assessment of sustainability on these farms revealed significant 
challenges related to soil quality, pasture health and livestock quality, which are fundamental aspects 
of environmental and economic sustainability. The implementation of silvopastoral systems was high-
lighted as an effective strategy to improve these conditions, promoting a more sustainable and efficient 
management of natural resources. The active participation of producers and the strengthening of their 
capacities in infrastructure and resource management are essential to ensure the success of these 
strategies, highlighting the need for training programs and technical support.84

A study in Cajamarca, Peru, on antibiotic use on small dairy farms revealed that lack of education 
and traditional practices can negatively affect proper animal health management. Veterinarians and 
feed vendors identified challenges such as limited availability of appropriate drugs and competition 
among prescribers as contributing to inappropriate antibiotic use. This problem reflects a broader 
challenge in the adoption of modern technologies, such as genomics, in Peruvian livestock farming. 
Improving farmer education and training is crucial to promote sustainable and effective livestock 
management practices, thus ensuring successful implementation of new technologies.85

In addition, in Langui, Peru, it was observed how global market pressures and climate change are 
leading to reduced crop diversity and increased production of livestock fodder in response to demand 
from transnational dairy companies. This shift represents a significant challenge for the adoption of 
advanced genomic technologies, as rural communities often prioritize practices that secure immediate 
income over long-term investments that could preserve agrobiodiversity and improve productivity in 
a sustainable manner. Urban migration and climate change also accelerate the loss of traditional 
agricultural knowledge and practices, underscoring the need for educational strategies and supportive 
policies that facilitate a balanced transition to advanced technologies while preserving the ecological 
resilience and cultural identity of local communities.86

The Dairy Production Service, initiated in 1950 by the Universidad Nacional Agraria La Molina 
in coordination with the Ministry of Agriculture and the Lima Basin Cattlemen’s Association, has 
been fundamental in evaluating the productivity characteristics of dairy cows. Beginning in 1965, 
“Control Lechero” began electronic data processing, expanding to eleven basins and evaluating more 
than 2,083 barns nationwide. However, the lack of productivity data and limited awareness of the 
benefits of bovine genomics suggest the need for more training in genomic technology 
management.87

In addition, national genetic improvement programs include methods such as artificial insemination 
and embryo transfer, promoted by the National Institute for Agrarian Innovation (INIA) and the 
Ministry of Agrarian Development and Irrigation (MIDAGRI). These technologies, although effective, 
require greater understanding and proper management by producers to maximize their impact.88 
Training is essential for farmers to understand and adopt these technologies, including practices such 
as record management and economic mating.
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Challenges in the implementation of genomics in Peru

Foot-and-mouth disease (FMD) represents a considerable threat to the livestock industry in Peru, with 
potential economic and health repercussions. A multidisciplinary approach has made it possible to assess 
the risks associated with possible FMD epidemics, using methods such as spatial stochastic modeling 
to simulate disease transmission and social network analysis to understand farm-to-farm contact patterns. 
These studies indicate that most infections occur through local transmission, highlighting the importance 
of livestock insurance systems to mitigate the costs associated with FMD outbreaks. These systems 
would not only compensate affected farmers financially, but also encourage sound management practices 
to reduce the risk of future outbreaks, especially in areas with high livestock densities.89

Livestock systems in the Peruvian Andes are multifunctional, providing products such as milk and 
meat, as well as essential services such as organic fertilizer and traction power.90 A Life Cycle 
Assessment (LCA) study identified enteric fermentation as the main source of greenhouse gas emis-
sions and highlighted pasture management as a determining factor in acidification and eutrophication. 
It is critical that economic assessments adequately reflect the importance of these functions to rural 
communities, suggesting a more holistic approach to environmental impact assessment.91

The implementation of bovine genomics in Peru has the potential to improve the productivity and 
sustainability of livestock production, especially in high mountain livestock micro-watersheds where 
water and soil quality degradation is a growing problem. Genomic technology can facilitate the 
selection of livestock adapted to adverse conditions, such as eroded soils and limited water resources, 
improving the resilience and sustainability of production.83,92 However, limited infrastructure and the 
need for human resource training are significant challenges. Creole breeds, known for their adapt-
ability, could benefit greatly from these applications, allowing for more precise genetic selection that 
promotes resilience. It is crucial to develop public policies that support research and adoption of 
these technologies, in addition to fostering international collaborations that provide the necessary 
technical and financial support.63

The seroprevalence of reproductive and infectious diseases in cattle in Madre de Dios, Peru, such 
as bluetongue (BTV), enzootic bovine leukosis (BLV) and bovine herpesvirus type 1 (BHV-1), reveals 
significant challenges. Factors such as interaction with vectors and natural reservoirs of pathogens, 
exacerbated by climate change, underscore the need to integrate disease management strategies into 
breeding programs, prioritizing genetic resistance. The identification of endemic diseases and their 
impact on production highlight the importance of implementing robust biosecurity, vaccination and 
constant monitoring programs to ensure the sustainability and profitability of livestock production 
in tropical and subtropical regions of Peru.93

Challenges in cattle breeding and genomics adoption in Peru

Limited infrastructure and resources

Due to fragmented ownership, cattle management in Peru is done through small herds and individ-
ually with high production costs, being that most producers (44%) manage from 0.5 to 4.9 ha, 30% 
manage from 5.0 to 49.9 ha, 12% more than 50 ha, 11% of producers drive less than 5 ha, and finally 
3% do not own land.4 Additionally, through a cluster analysis based on number of cattle, number of 
milking cows, farm production per day and yield per cow per day, they classified producers in a 
region of the inter-Andean valleys as: small producers have less than 4 cattle with 2 milking cows, 
medium producers own 5 to 9 cattle with 2 milking cows and large producer have more than 10 
cattle with 7 milking cows,94 while95 characterized different districts of Puno, which is the region 
with the largest number of cattle in Peru, and found that the average number of animals per farmer 
is 23 cattle with 15 milking cows.

There are different production systems in Peru, which vary according to the region where they 
are mainly located. Three production systems can be distinguished: the extensive system that pre-
dominates in the highlands and jungle. In the Amazon region (jungle) of Peru, cattle raising is 
characterized by the predominance of local breeds adapted to the environmental conditions of the 
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area, which are usually crossed with zebu and European breeds,96 while in the highlands, dual-purpose 
cattle are raised, which live by grazing and are gathered for milking; in both cases, cattle feeding is 
mainly based on the use of natural pastures.97 In the coastal and inter-Andean valleys, the intensive 
and semi-intensive systems predominate, respectively.98

The extensive system is characterized by animals with low productive and reproductive indexes 
that lack registration, do not have qualified professional for management, producers have access to 
veterinary services that come from 97% private and 3% from the public sector, which shows the lack 
of state assistance,94 in addition, the labor force is mainly family-based. On dairy farms, it is reported 
that 62.5% of dairy producers use family labor.95

Dairy production in Peru takes place in the country’s three main geographic regions: coast, highlands 
and jungle. However, the most developed sectors are located on the coast, which is home to 78% of 
specialized dairy cattle. The dairy basins of Cajamarca, Arequipa and Lima are the most productive, 
concentrating 60% of total milk production. In addition, the participation of the large industry in milk 
collection has increased considerably, currently exceeding 50% of national production (FAO, 2009).

Reproductive management and genetic improvement in Peruvian livestock show significant regional 
differences. On the coast and in specialized dairy basins, breeds such as Holstein, Brown Swiss and 
Jersey are used in intensive production systems. In contrast, in the highlands, Creole cattle predom-
inate along with Brown Swiss, with limited adoption of artificial insemination. In the jungle, where 
zebu crossbred cattle prevail, production is dual-purpose (milk and meat), and the use of artificial 
insemination is minimal.61

Livestock feeding in Peru varies considerably by region. On the coast, the main sustenance is based 
on forage and cultivated pastures, while in the highlands it is supplemented with feed supplements. 
Livestock farming faces significant health challenges, including zoonotic diseases such as tuberculosis 
and brucellosis, which continue to affect productivity. The National Agricultural Health Service 
(SENASA) is in charge of programs aimed at controlling and eradicating these diseases (MINAGRI, 2017).

Annual per capita milk consumption in Peru is 87 kg, which is still below the FAO recommended 
level of 120 kg per person. Although an increase in meat production has been observed, the country 
continues to rely heavily on imports to meet domestic demand, underscoring the need to continue 
improving the productivity and competitiveness of the livestock sector to move toward sustainable 
development (FAO, 2017).

In 2022, the National Institute for Agrarian Innovation (INIA) achieved several significant mile-
stones in bovine genetic improvement in Peru. First, the birth of “Victoria”, the first Gyr calf obtained 
through in vitro fertilization (IVF), was achieved, a crucial advance that strengthens the genetic 
quality and productivity of cattle breeding in the country.99 This effort is part of a broader INIA 
strategy, which includes a project launched in 2022 to improve cattle genetics in six regions, including 
Cajamarca, Ancash, Ayacucho and Puno. This project seeks to increase milk and beef production 
through the introduction of improved genes, technical assistance in artificial insemination and dis-
tribution of high quality semen straws and embryos.100

INIA also presented “Purita”, a heifer of the Girolando breed, developed through reproductive 
biotechnology as part of the PROMEGNACIONAL project. Purita” was born at the Donoso Agrarian 
Experimental Station and stands out for its capacity to produce high quality milk, adapting to the 
climatic conditions of the Amazon and the northern coast of the country.101

The lack of adequate infrastructure for livestock breeding, care and reproduction, coupled with limited 
financial resources, hinders the implementation of modern and sustainable production systems. This 
limits the ability to make genetic improvements, and make use of genomics, which could increase the 
productivity and sustainability of livestock production, crucial for economic development and food security 
in the country. To overcome these obstacles, it is essential to invest in adequate infrastructure and foster 
access to technologies and knowledge that promote more efficient and sustainable livestock production.

Awareness and training

Awareness and training in livestock practices are crucial to meet the challenge of bovine genetic 
improvement in Peru, as they enable farmers to understand and apply advanced techniques that 
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optimize productivity, adaptation to local conditions, environmental sustainability and animal welfare. 
This training not only improves the efficiency and profitability of livestock production, but also 
promotes sustainable practices and reduces environmental impacts, thus contributing to a more com-
petitive and environmentally friendly livestock production.,95 carried out the characterization of dairy 
production systems, in which it was determined that the use of a dormant alfalfa variety for cattle 
feeding reduces the production costs per liter of milk. This study identified that only 29.17% of 
farmers use artificial insemination with genetically improved bulls, 58.33% only use artificial insem-
ination and 12.5% use natural mating. At the national level, according to,4 out of 1753989 producers, 
only 3.1% use artificial insemination and 4.1% use pedigree sires for cattle improvement.

There is a need for training in the management of genomic technologies, and it is possible that 
there is a lack of awareness among cattlemen about the benefits of bovine genomics and how they 
can apply it in their operations. It is reported that only 29% of the producer’s access training on 
pasture management, genetic improvement, health, feeding, etc. of which 33%, 29% and 13% are 
small, medium and large producers respectively.94 Regularly, since producers express little interest in 
the talks, which they comment that, in their opinion, are very academic, i.e., not directly related to 
their agricultural conditions and practices, their participation is motivated by access to individual 
services (technical assistance, insemination, purchase of medicines at convenient prices, credits, among 
others).102

Effective technology transfer from research to field practice is crucial for bovine genomics to have 
a real impact on livestock production in Peru. This may involve the creation of extension and training 
programs for farmers, as well as collaboration with the private sector to facilitate the adoption of 
genomic technologies. That is why the Ministry of Agrarian Development and Irrigation (MIDAGRI), 
through the NATIONAL INSTITUTE OF AGRICULTURAL INNOVATION (INIA), has been devel-
oping projects in the livestock sector (PROMEGTROPICAL, PROMEGNACIONAL and PROGAN) 
through which it offers and provides various technical training on genetic improvement of cattle to 
producers in the country. These are conducted by the multidisciplinary teams that are part of the 
Experimental Stations at the National level. As well as various courses that complement the empirical 
training of many of the producers in the area. With the application of these methodologies, it is 
possible to increase the production of forage and high value cattle feed, as well as to obtain bovine 
offspring with the capacity to develop quality meat and milk with high indexes of solids and nutrients.103

On the other hand, there are also associations that are responsible for working together with 
producers and implementing personalized and group training, animal health and feeding, many of 
which are associated with municipal or regional livestock projects. In addition, it is mentioned that 
technology transfers are complemented with resources that favor the development of these livestock 
activities, such as: organic conservation of agricultural soil, silvopastoral techniques, production of 
forage and seeds of high genetic quality, soil analysis for agricultural purposes, organic fertilizer, 
among others of importance for the activity.104

Costs

Implementing bovine genomics can be costly, both in terms of equipment and genomic analysis. This 
can be especially challenging for small farmers or those with limited financial resources. The imple-
mentations of infrastructure, as well as the development of this item is basically given with the 
economic budget that the Ministry of Economy and Finance grants to public institutions such as 
Universities or National Institutes likewise there are other institutions that allow through PROCIENCIA 
competitive funds, which generate the interest of professionals and/or technicians through economic 
support. The implementation of facilities with easy access to them at any time of the year since 
livestock should be located in a site of higher altitude than the surrounding area, to avoid flooding.88 
The location should be close to supply markets, slaughterhouses and mills, in order to reduce trans-
portation costs for inputs, food, and facilitate access with animals ready for slaughter. Likewise, it 
should be free of industrial contamination sources and far from landfills and dumps. With sufficient 
natural air flow, respecting the temperature required by the animals. For this, the land must not be 
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muddy or floodable and with a very good drainage, clean and functional in a continuous way. For 
extensive livestock raising, the land must have sufficient fodder soil or soil that is native to the area 
with flora that can be used as feed for the livestock in all its phases, or in the case of pre-fattening 
or fattening based on pasture. Finally, there must be peripheral fences that allow its delimitation and 
prevent the entrance of people, animals and vehicles.105

For the improvement of the production of milk and dairy products, there is the implementation 
of milk quality modules, as well as demonstration plants with the aim of obtaining sanitary regis-
tration for dairies, and thus generate a Training and Technology Transfer Center, with the implemen-
tation of a Demonstrative Cheese Module in strategic locations.106 However, it should be considered 
that there is a limited number of researchers, as well as low interaction with extensionists or tech-
nology transfer agents. As well as the low capacity and political interest of regional and local gov-
ernments (MIDAGRI, INIA, CATIE, 2019).

Regulations and policies

There may be regulatory or policy barriers that hinder the adoption of genomic technologies in 
livestock production. The following are some policy regulations that were established in the country:

The Ministry of Agrarian Development and Irrigation - MIDAGRI published Supreme Decree 
0010-2022-MIDAGRI, which approves the Sanitary Regulations for the Production and Commercialization 
of Genetic Material of Production Animals. Official Gazette El Peruano. It covers the provisions for 
the application of sanitary measures in the production and commercialization of genetic material of 
production animals, contributing to the epidemiological surveillance, prevention, control and eradi-
cation of diseases that affect animals in order to avoid the propagation and dissemination of diseases 
that affect the sanitary status of the country.

Law N° 27104,107 this law establishes: “The general rules applicable to research activities, produc-
tion, introduction, manipulation, transport, storage, conservation, exchange, commercialization, confined 
use and release with Living Modified Organism (LMO), under controlled conditions” and excludes: 
“Activities in human genome, to all types of vaccines applied to human beings, to organisms whose 
genetic modification is obtained through conventional techniques and traditional methods: in vitro 
fertilization, conjugation, transduction, transformation or any other natural process; polyploid induc-
tion, mutagenesis, formation and utilization of animal hybridoma somatic cells; provided they do not 
involve the manipulation of recombinant deoxyribonucleic acid (DNA) molecules or the use of LMOs 
as vector, receptor or parental organisms”.

Law N° 29811108 This law establishes: “A moratorium on the entry and production of LMOs in 
the national territory for a period of 10 years (2011 - 2021), which is a milestone in the policy of 
conservation of our genetic diversity and capacity building in biosafety. “The purpose of the Moratorium 
is to strengthen national capacities in terms of human resources, procedures and infrastructure, as 
well as to generate baselines of the main native and naturalized crops that could be affected by the 
release of LMOs into the environment. The aim is that, at the end of the moratorium period, the 
country will be in a position to make responsible decisions and adequately manage the risks related 
to the entry and use of LMOs, ensuring minimal impacts on biological diversity. The scope of the 
Moratorium Law covers only LMOs that will be released into the environment as crop or breeding, 
and excludes LMOs for research under contained use, for food and feed, and pharmacological uses.”

Law N° 31111109 This Law establishes that, until December 31, 2035, the moratorium that prevents 
the entry and production in the national territory of LMOs for cultivation or breeding purposes, 
including aquatic organisms, to be released into the environment.

Although there are some laws that mention regulations for the production and commercialization 
of genetic material of livestock and LMOs, there is no consensus between the government and the 
scientific community.

Several regulations govern the production and commercialization of genetic material in Peru. 
Supreme Decree 0010-2022-MIDAGRI establishes sanitary regulations for the production and com-
mercialization of genetic material of livestock, ensuring epidemiological surveillance, prevention, 
control, and eradication of diseases that affect animal health. Additionally, laws such as Law N° 27104, 
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Law N° 29811, and Law N° 31111 regulate the introduction and production of living modified organ-
isms (LMOs), with a moratorium on their use in agriculture and livestock until 2035.

Similar regulatory frameworks exist in other Latin American countries. In Brazil, the National Plan 
for Livestock Genetic Improvement (PNMGB) has been instrumental in integrating genomic selection 
into cattle breeding programs, supported by EMBRAPA and private sector partnerships.110 Additionally, 
Brazil’s National Plan for Low-Carbon Agriculture (ABC Plan) and Integrated Crop-Livestock-Forestry 
(ICLF) policies have successfully incentivized sustainable intensification, pasture rehabilitation, and 
genetic improvement strategies.111 These initiatives have helped Brazil enhance productivity while 
minimizing environmental impacts.

Likewise, Argentina’s National Genetic Improvement Program for Angus cattle, implemented in 
2019, has demonstrated tangible benefits in selection accuracy and genetic progress.112 The inclusion 
of genomic data in breeding value estimations has led to a 4% increase in selection accuracy, pro-
viding a strong model for genomic breeding programs.

However, unlike Brazil and Argentina, Peru lacks a centralized genomic breeding policy, limiting 
the widespread adoption of genomic technologies. The development of a national genomic strategy, 
similar to those implemented in Brazil and Argentina, could enhance the competitiveness and sus-
tainability of Peruvian livestock. Establishing genomic selection programs and integrating pasture 
management techniques would allow Peru to improve productivity and ensure the long-term sustain-
ability of cattle breeding while addressing challenges such as climate adaptation and economic viability.

Opportunities and proposed solutions

Forage quality is a critical factor in reducing enteric methane emissions from dairy cows, a key aspect 
for the sustainability of livestock production. A study in the Peruvian Andes compared cultivated 
pastures with native pastures, finding that the former reduced methane emissions per unit of digested 
organic matter and per unit of energy-corrected milk. This is attributed to the higher nutritional 
quality of the cultivated pastures, which include more crude protein and metabolizable energy, 
improving the digestive efficiency of the animals.113 Thus, the implementation of improved pastures 
is presented as an effective strategy to mitigate greenhouse gas emissions in high mountain regions.

Creole cattle, adapted to adverse conditions, not only offer a sustainable option for meat produc-
tion, but also open the door to the diversification of livestock products in Peru. Promoting organic 
and grass-fed meat production using Creole cattle can open new markets and improve the compet-
itiveness of the sector. To maximize these benefits, it is essential to develop training and education 
programs for farmers, as well as to encourage research in genomics applied to these breeds.63

In addition, the analysis of carbon footprints associated with different dietary patterns in Peru 
underscores the importance of promoting sustainable dietary practices to reduce greenhouse gas 
(GHG) emissions. The average diet in Peru, with a high consumption of animal products, is linked 
to higher GHG emissions compared to a plant-based diet. There is a positive correlation between 
socioeconomic status and GHG emissions, indicating that higher income households have a higher 
dietary carbon footprint. These findings emphasize the need for policies that promote food sustain-
ability and align nutritional policies with environmental objectives, also considering socioeconomic 
factors in the design of climate change mitigation strategies.114

The challenges in adopting genomic technologies in Peruvian livestock farming are not unique to 
the country. Similar barriers, including infrastructure limitations, financial constraints, and resistance 
to new technologies, have been observed in other Latin American nations, such as Bolivia and 
Ecuador, where small-scale farmers dominate the industry and genomic breeding programs remain 
underdeveloped.115,116 In contrast, countries like Brazil and Argentina have made significant progress 
in genetic improvement programs, largely due to greater investment in research, stronger institutional 
support, and collaboration with international genomic initiatives.112,117,118

Argentina, for example, implemented a national genomic selection program for Angus cattle in 
2019, incorporating genomic data into breeding value estimations. This initiative has already led to 
a 4% increase in selection accuracy, demonstrating the tangible benefits of integrating genomic tools 
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into livestock improvement strategies.112 Moreover, ongoing research in Argentina continues to refine 
genomic selection methodologies, including the use of GBLUP and single-step evaluation models to 
enhance prediction accuracy.112 These advancements serve as a valuable reference for Peru, where 
large-scale genomic breeding programs have yet to be established. Learning from these experiences 
could help Peru develop strategies to overcome its own barriers and enhance the adoption of genomic 
technologies in the livestock sector.

The evolution of genomic technologies has played a transformative role in cattle breeding world-
wide, with many countries adopting national genomic selection programs. For instance, Canada, 
Ireland, and Australia have successfully integrated genomic evaluations into national breeding pro-
grams, significantly improving the accuracy of estimated breeding values and increasing genetic 
gains.119,120 These experiences highlight the importance of strong institutional frameworks, government 
incentives, and public-private collaboration in accelerating the adoption of genomic selection. In Peru, 
adapting similar policies, such as funding genomic research and establishing national reference genomic 
databases, could provide the necessary infrastructure for genomic breeding programs. Additionally, 
aligning local strategies with international initiatives, such as the Bovine Pangenome Consortium,71 
would enhance Peru’s integration into the global genomic research network, facilitate access to advanced 
technologies, and promote sustainable livestock development.

Conclusions and recommendations

The implementation of bovine genomics in Peru is emerging as a crucial tool to address the chal-
lenges of sustainability and productivity in livestock farming, especially in a context of environmental 
and socioeconomic constraints. Creole cattle, with their adaptability to adverse conditions, offer an 
invaluable genetic base for improving meat and milk production; while promoting the conservation 
of local biodiversity, genomic analysis of these creole cattle is essential for crossbreeding, as Peru 
also has specialized breeds of genetic material. However, it is essential to strengthen the infrastructure 
and training of producers to facilitate the adoption of these technologies. In addition, a public policy 
framework is needed to promote research and development of applied biotechnologies, ensuring a 
transition to more sustainable and efficient practices in the Peruvian livestock sector. Inter-institutional 
cooperation and technical and financial support are essential to enhance the impact of genomics on 
improving the quality and competitiveness of livestock production in the country.
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