
HAL Id: hal-04415987
https://hal.inrae.fr/hal-04415987

Submitted on 26 Jan 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Meat Omics: Trends and applications of Omics
strategies in meat research

Mohammed Gagaoua, Daniel Franco, Ranjith Ramanathan

To cite this version:
Mohammed Gagaoua, Daniel Franco, Ranjith Ramanathan. Meat Omics: Trends and appli-
cations of Omics strategies in meat research. Journal of Proteomics, 2024, 295, pp.105090.
�10.1016/j.jprot.2024.105090�. �hal-04415987�

https://hal.inrae.fr/hal-04415987
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


1 

Meat Omics: Trends and applications of Omics strategies in meat research  1 

Mohammed Gagaoua1,*, Daniel Franco2 and Ranjith Ramanathan3 2 

1 PEGASE, INRAE, Institut Agro, 35590 Saint-Gilles, France 3 
2 Department of Chemical Engineering, Universidade de Santiago de Compostela, 15782 Santiago de 4 
Compostela, Spain 5 
3 Department of Animal and Food Sciences, Oklahoma State University, Stillwater, OK 74078, USA 6 

* Correspondence: mohammed.gagaoua@inrae.fr  7 

 8 

The sustainable production of meat and meat products with consistently high quality is an ongoing challenge 9 
for farmers, meat industry stakeholders, and researchers. To guarantee sustainable and high eating qualities of 10 
meat products to consumers, it is a prerequisite to understand the biological mechanisms underlying the 11 
conversion of muscle into meat, as well as a deeper understanding and control of the impacts of pre- and post-12 
harvest practices on the post-mortem muscle and the determination of the final meat quality traits. Over the past 13 
two decades, considerable advances in high-throughput Omics technologies in the frame of Foodomics (Fig. 1) 14 
such as genomics, transcriptomics, proteomics and, more recently, peptidomics, metabolomics, and lipidomics, 15 
together with the considerable development of sophisticated statistical methods/packages and bioinformatics 16 
toolboxes [1, 2], have made it possible to explore meat quality and its determination in unprecedented depth 17 
[3]. In fact, Omics technologies allow the generation of large amounts of biological data about the genomes, 18 
transcriptomes, proteomes, metabolomes, etc. from a wide variety of samples such as tissues (muscle, fat) or 19 
biological fluids (plasma, meat exudate) to relate them with key meat quality parameters and/or animal 20 
performances, and thereby decipher meat quality variation or better understand the development of quality and 21 
its defects (Fig. 1).  22 
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Fig. 1. Illustration of the cascade of the big four Omics approaches 33 
applied in meat research profiling and beyond. 34 

In this thematic issue, the potential of Omics methods currently applied to meat research have been 35 
demonstrated through seventeen papers that grouped seven reviews and ten original research papers. Overall, 36 
the papers described cutting-edge Omics methods to study several key aspects of meat quality, which were 37 
mainly dominated using proteomics (both traditional and label-free shotgun approaches), followed by 38 
metabolomics, lipidomics and new emerging approaches such as Rapid Evaporative Ionization Mass 39 
Spectrometry (REIMS) fingerprinting. The dominating use of proteomics in meat research can be for example 40 
explained by the substantial improvement of the experimental technology over the past decades as it evolved 41 
from conventional methods to high-throughput methods such as tissue microarray, protein pathway array and 42 
mass spectrometry in the frame of shotgun proteomics [4]. Notwithstanding, proteomics has been mainly applied 43 
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for three major objectives (Fig. 2) as recently discussed by Gagaoua et al. [5], these being (i) to characterize 44 
the dynamic changes, modifications and interactions in post-mortem muscle/meat proteomes; (ii) to understand 45 
the underlying mechanisms and biochemical pathways underpinning the determination and variation of the 46 
phenotypes of interest in animal production including meat quality traits; and (iii) to evaluate, predict and monitor 47 
the potential quality of carcasses and meat quality traits based on candidate biomarkers. This latter was mainly 48 
conducted in the frame of data-driven approaches (i.e., methods seeking potential putative biomarkers based 49 
on data modelling) to propose explanatory mechanisms and/or predictive models of the targeted phenotypes. 50 
Interestingly, similar objectives have been adopted in the current developments and emerging applications of 51 
metabolomics in meat research [6, 7].  52 

Fig. 2. The main application objectives of proteomics, as one of the major 53 
used Omics, in the field of meat research (based on Gagaoua et al. [5]). 54 

Of the seven reviews, the first one by Mao et al. [3] gave an overview of the current applications of Omics in 55 
elucidating the underlying biological mechanisms and related factors associated with meat safety. Beyond the 56 
applications of Omics technologies to explore the adaptive mechanisms of microorganisms, the authors further 57 
emphasized the impact of post-translational modifications (PTMs) in fresh meat. In the frame of chicken meat 58 
quality defects, Zhang et al. [8] explored the etiology of broiler myopathies using several Omics approaches. To 59 
the best of our knowledge, this is the first review that addressed the applications of genomics, transcriptomics, 60 
proteomics, metabolomics, lipidomics and metagenomics to evaluate meat quality defects in chicken, also 61 
referred to as myopathies. The authors described that the different Omics approaches have been used to 62 
understand the genetic predisposition, the protein expression, and the biochemical pathways that are 63 
associated with the expression of woody breast meat, white striping, and other myopathies. Ramanathan et al. 64 
[6] provided a comprehensive and updated overview  of the trends and challenges of metabolomics and how it 65 
has been applied in the last seven years in meat research to elucidate quality changes. The authors described 66 
the importance of metabolites in meat color and its quality defects such as dark-cutting beef, its usefulness to 67 
monitor muscle- and aging-specific impacts on meat color, its emerging use in meat tenderness and flavor 68 
research to identify biomarkers or for a better understanding of their determination. Furthermore, the authors 69 
emphasized the current advances in bioinformatics as key tools to overcome on one hand the challenges of 70 
data analysis and interpretation and, to gain on the other hand a deeper understanding of the biochemical 71 
changes within the objectives of metabolite pathway enrichment analysis. In the frame of multi-omics, Zhang et 72 
al. [9] explored the potential of integrating proteomics and metabolomics for deeper molecular insights into the 73 
pathways underpinning sheep meat quality variation and authenticity. The review highlighted, for instance, that 74 
the improvement of color stability and tenderness could be associated with changes in glycolysis, energy 75 
metabolism and endogenous antioxidant capacity of the muscle/meat. They further discussed the conflicting 76 
roles of proteolysis in meat quality determination, as enhanced proteolysis seemed to be positively related to 77 
tenderness and flavor, but can negatively impact lamb color stability. Jia et al. [10] reviewed for the first time the 78 
emerging use of lipidomics in meat research, with a focus on goat meat quality. The authors emphasized the 79 
different applications of lipidomics such as a better understanding of goat meat quality development, and its 80 
evaluation likely for in-depth characterization of the nutritional and health profiles of goat meat. In the context of 81 
the nutritional benefits and functional quality of meat, the research paper by Gathercole et al. [11] exemplified 82 
the valuable role of proteomics in analyzing the potential bioactivities of meat during simulated digestion. The 83 
last two reviews by Agregán et al. [12] and Suman et al. [13], reviewed the applications of proteomics to study 84 
processed meat products and to characterize the biochemistry of fresh beef color, respectively. Agregán et al. 85 
[12] evidenced how the knowledge gained by proteomics can be useful for the improvement of both the 86 
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technological processes in meat and the safety quality. Suman et al. [13], reviewed the studies published in the 87 
last decade on the pivotal role of muscle proteome in fresh beef color determination. For example, they 88 
discussed the wide range of factors, including endogenous skeletal muscle components, which can affect 89 
myoglobin biochemistry and color stability in beef. Moreover, the potential use of muscle proteins and PTMs of 90 
myoglobin as candidate biomarkers for fresh beef color have been discussed in detail. Finally, the authors 91 
provided an up-to-date list of candidate protein biomarkers based on what has been recently proposed by 92 
Gagaoua and co-workers thanks to an integromics meta-analysis approach to predict beef color quality 93 
determination [14].  94 

In addition to showcasing a range of Omics applications in meat research, proteomics studies in the frame of 95 
the discovery and evaluation of biomarkers especially for beef quality were tremendous. Zhu et al. [15] revealed 96 
using for the first time a shotgun proteomics approach the molecular signatures determining multiple beef 97 
sensory traits (tenderness, stringiness, chewiness and flavor) along with the related protein biomarkers. Among 98 
the results, the study reported that precursor metabolites and energy is a key molecular signature of multiple 99 
beef quality traits. Moreover, the authors identified that phosphorylase b kinase regulatory subunit alpha 100 
(PHKA1) and starch-binding domain-containing protein 1 (STBD1) were both correlated with the four quality 101 
traits evaluated and, accordingly these proteins have been proposed as putative biomarkers. Lamri et al. [16] 102 
applied for the first time the same shotgun proteomics approach to identify biomarkers of multiple goat meat 103 
quality traits. The authors focused on texture quality traits and found 25 proteins to be differentially abundant 104 
among quality clusters. Thanks to several bioinformatics analyses, the authors evidenced the 105 
interconnectedness of muscle structure, energy metabolism and response to stress as pivotal biological 106 
pathways underpinning the determination of goat meat quality. The study by Santiago et al. [17] combined two-107 
dimensional electrophoresis (2-DE) and mass spectrometry to compare the muscle proteomes of bulls and 108 
steers. It showed that bulls had more key proteins of catabolic processes, oxidative stress, and muscle 109 
contraction compared to steers. For the steers, proteins previously reported as biomarkers of beef tenderness 110 
and marbling were up-regulated in steers. Beldarrain et al. [18] used for the first time 2-D DIGE to delve into 111 
proteomic differences between aged and non-aged horsemeat. The authors followed the degradation of 112 
myofibrillar proteins up to 21 days of ageing and validated using western-blotting the proteins of interest as a 113 
way to monitor meat tenderization. The study extended our knowledge of the potentialities of 2-D DIGE to study 114 
meat proteolysis during ageing and to compare divergent muscle/meat samples. Another study on beef quality, 115 
focused on the early post-mortem (1 h and 1 day) proteome and metabolome of samples categorized based on 116 
their pH at 6 h post-mortem to reveal new insights about beef tenderization [19]. The study revealed greater 117 
potential of protein degradation, and higher amounts of energy production proteins and metabolites to be related 118 
to the higher tenderness at 1 day post-mortem of low 6 h pH steaks. The authors proposed potential biomarkers 119 
of more rapid post-mortem metabolism to be linked to earlier tenderization in beef that are worthy of validation 120 
using appropriate Omics methods. Likewise and in the frame of beef quality biomarkers evaluation, Picard et 121 
al. [20] investigated using univariate and multivariate statistical approaches the relationships of a list of 29 122 
candidate biomarkers quantified in two muscles of cows using Reverse Phase Protein Array (RPPA) assay [21] 123 
with multiple meat and carcass qualities. The authors shortlisted 10 protein biomarkers to be tested in a larger 124 
population to feed the pipeline of biomarker discovery. Currently, progress in meat quality biomarker discovery 125 
(namely for beef), while significant, is still hampered by several technical drawbacks related to the nature of the 126 
muscle structure, such as the recovery of connective tissue and extracellular matrix (ECM) proteins. To shed 127 
light on this aspect, Listrat et al. [22] described thanks to a data-mining and bioinformatics approach the first 128 
cattle matrisome repertoire containing 1022 genes. We believe that the integration of matrisome analyses in 129 
meat research would help us in the future to reveal the sophisticated mechanisms underlying meat quality 130 
determination and, accordingly refine the list of biomarkers that will be proposed to the meat industry in 131 
complementary of the recently proposed first repertoire of beef tenderness biomarkers [23].  132 

Studies on lamb meat Omics are very scarce in the literature. della Malva et al. [24] investigated for the first 133 
time the effects of dietary supplementation with hazelnut skin by-product on both the plasma and muscle 134 
proteomes and the consequences on meat quality. The authors evidenced using 2-DE, LC-MS/MS and 135 
bioinformatics approaches the biochemical pathways at interplay and the potential candidate plasma biomarkers 136 
to predict, in non-invasive way, lamb meat quality early post-mortem. Among the proteins influenced by hazelnut 137 
skin by-product supplementation, four of them, these being apolipoprotein A-I (APOA1), prohibitin (PHB), actin, 138 
cytoplasmic 2 (ACTG1) and albumin (ALB) were common to both plasma and muscle proteomes. The authors 139 
suggested a sophisticated biological cross-talk. Furthermore, the four proteins have been proposed as 140 
candidate biomarkers to predict early post-mortem lamb meat quality. Zhang et al. [25] on another hand 141 
proposed the first REIMS fingerprinting study to accurately discriminate lamb meat aged with different methods 142 
and levels of dehydration. It showed that REIMS is a promising approach for rapid authentication and quality 143 
prediction of ageing methods and flavor potential of lamb meat and other muscle foods.  144 

In summary, this thematic issue gathered diverse applications of Omics approaches in meat research and all 145 
highlighted their potential to decipher the unknowns. Nevertheless, comprehensive studies from a systems 146 
biology perspective are needed to integrate information obtained from different Omics methods/data and 147 
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thereby understand a larger picture beyond quality variations. Further efforts in Omics data sharing among the 148 
meat scientist’s community is definitely necessary to advance common scientific and technical questions that 149 
would allow significant developments and consolidation of our current understanding of the mechanisms. Meat 150 
Omics has with no doubts a promising future ahead with key roles in helping achieve the sustainable framework 151 
agenda of livestock and meat production.   152 
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