Dr Brigitte Picard 
email: brigitte.picard@inrae.fr
  
Mohammed Gagaoua 
email: mohammed.gagaoua@teagacs.ie
  
Muscle fiber properties in cattle and their relationships with meat qualities: an overview

Keywords: Skeletal muscle, Cattle, Myogenesis, Myosin heavy chains, Meat quality, 32 Contractile and metabolic properties

The control of meat quality traits constitutes an important target for any farm animal production, including cattle. Therefore, a better understanding of the biochemical properties that drive muscle development and final outcomes, constitute one of the main challenging topics of animal production and meat science. Accordingly, this review focuses on skeletal muscle fibers in cattle and their relationships with beef qualities. It aimed to describe the chemical and structural properties of muscle fibers as well as a comprehensive review of their contractile and metabolic characteristics during the life of the animal. The existing methods for the classification of muscle fibers were reviewed, compared and discussed. Then, the different stages of myogenesis in cattle were defined. The main factors regulating fetal and postnatal growth and the plasticity of muscle fibers were evidenced especially the role of myostatin (MSTN) growth factor and the impact of nutritional factors. This review highlights that the knowledge about muscle fibers is paramount for a better understanding of how to control the muscle properties throughout the life of the animal for better management of the final eating qualities of beef. Accordingly, the associations between bovine muscle fibers and different meat eating qualities such as tenderness, pH decline and color traits were further presented.

Introduction

Skeletal muscles represent the largest organ in the body that is composed of fibers which are long cylindrical polynucleated cells, organized in bundles that are surrounded by connective tissue. They are distributed over 75 to 90% of muscle volume. For a long time, the different muscles are distinguished based on their appearance or color, into white or red, and also according to their contractile properties into slow or fast. [START_REF] Zierath | Skeletal muscle fiber type: influence on contractile and metabolic properties[END_REF] From the large literature, earlier investigations on muscle fiber heterogeneity targeted on two specific diversities that are the metabolism and the contractile response, which are known to differ depending on the type of the muscle and the species. [START_REF] Lefaucheur | A second look into fibre typing--relation to meat quality[END_REF] In livestock species, the relationships between muscle properties and meat qualities were largely described in the three decades. [START_REF] Ouali | Biomarkers of meat tenderness: present knowledge and perspectives in regards to our current understanding of the mechanisms involved[END_REF][START_REF] Listrat | How Muscle Structure and Composition Influence Meat and Flesh Quality[END_REF][START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF][START_REF] Choi | Muscle fiber characteristics, myofibrillar protein isoforms, and meat quality[END_REF][START_REF] Chriki | Meta-analysis of the comparison of the metabolic and contractile characteristics of two bovine muscles: longissimus thoracis and semitendinosus[END_REF][START_REF] Gagaoua | Are there consistent relationships between major connective tissue components, intramuscular fat content and muscle fibre types in cattle muscle?[END_REF][START_REF] Gil | Relationships between biochemical characteristics and meat quality of Longissimus thoracis and Semimembranosus muscles in five porcine lines[END_REF][START_REF] Jurie | Changes in the Metabolic and Contractile Characteristics of Muscle in Male Cattle Between 10 and 16 Months of Age[END_REF][START_REF] Kim | Analysis of Myosin Heavy Chain Isoforms from Longissimus Thoracis Muscle of Hanwoo Steer by Electrophoresis and LC-MS/MS[END_REF][START_REF] Kim | Comparison of Characteristics of Myosin Heavy Chain-based Fiber and Meat Quality among Four Bovine Skeletal Muscles[END_REF][START_REF] Dransfield | Meat quality and composition of three muscles from French cull cows and young bulls[END_REF][START_REF] Mouzo | Proteomic application in predicting food quality relating to animal welfare. A review[END_REF] These properties are acquired during fetal life and evolved during all the life of animal. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF][START_REF] Du | Meat Science and Muscle Biology Symposium: manipulating mesenchymal progenitor cell differentiation to optimize performance and carcass value of beef cattle[END_REF][START_REF] Du | Fetal programming in meat production[END_REF][START_REF] Gagaoua | Caspases and Thrombin Activity Regulation by Specific Serpin Inhibitors in Bovine Skeletal Muscle[END_REF] In this context, this review makes an attempt to cover the aspects related to muscle fibers and their plasticity according to several factors of variability such as the sex of the animals, their age, breed (e.g., Continental versus British), the physiological status and the rearing practices or factors. Furthermore, the relationships between muscle fibers and several beef quality traits such pH decline, color and tenderness were reviewed. The preparation of the database that served to write this comprehensive review was based on a computerized search using different databases including Google Scholar, Web of Science and Scopus. This allowed the identification of the major papers from the literature in addition to those from our group dealing with muscle fibers in cattle. Different keywords were used that are "muscle or muscle properties or muscle characteristics", "fibre or fiber", "myosins or myosin heavy chains", "cattle or beef or bovine", "meat or beef", "meat or beef quality";

"color", "tenderness or texture or Warner-Bratzler Shear force" and "color or colour". The literature search focused exclusively on full text articles published in peer-reviewed journals.

Muscle fiber properties

Structure

Skeletal muscle consists of 74% water, 18% proteins, 4 -5 % of lipids, 1% of carbohydrates and 1% of other substances such as vitamins mainly of group B, zinc, selenium and iron. These amounts may vary between species, breeds, part of the muscle in the carcass, etc. The individual muscle fibers are mostly composed of different types of proteins that are categorized into contractile, cytoskeletal, sarcoplasmic and regulatory. They are composed of myofibrils distributed over the whole area of the fibers with a highly organized ultrastructure that is alternated by repeated structures known as sarcomeres. [START_REF] Choi | Muscle fiber characteristics, myofibrillar protein isoforms, and meat quality[END_REF] Each sarcomere is delimited by Z-discs. [START_REF] Listrat | How Muscle Structure and Composition Influence Meat and Flesh Quality[END_REF] It is worthy to note that the sarcomere structure has fundamental effects on meat quality (for review: [START_REF] Ertbjerg | Muscle structure, sarcomere length and influences on meat quality: A review[END_REF] ).

The point of attachment of the Z-discs to the sarcolemma is at the level of structures called costamers, mainly via the desmin. Z-discs are highly organized three-dimensional structure composed of several well-known proteins such as nebulin, actin, titin, cap-Z, and α-actinin, but also of several other proteins that were recently reported and discovered namely using OMICs techniques, including myopalladin, telethonin and myotilin. A complete list of the of Z-disc proteins and their interaction has been described by Faulkner, et al. [START_REF] Faulkner | Telethonin and other new proteins of the Z-disc of skeletal muscle[END_REF] In particular, myotilin was reported to play a pivotal role in the maintenance of muscle integrity. [START_REF] Gontier | The Z-disc proteins myotilin and FATZ-1 interact with each other and are connected to the sarcolemma via muscle-specific filamins[END_REF] Other proteins are present in the Z-discs but also extend into other part of the sarcomere or the sarcolemma, such as titin, nebulin and filamins. Z-discs are key elements in the architectural organization of the sarcomeric unit of striated muscle cells. It serves as a site coordinating various cellular signaling pathways mainly during myogenesis and for the control of muscle contraction. The ordered structure of each sarcomere as observed under electronic microscope was described to be an alignment of filaments that are thick and thin, and this latter interpenetrate the former. The thick and thin filaments are respectively composed mainly of myosin and actin. Other proteins constitute the thick filaments such as myosin binding proteins C and H (MYBPC and MYBPH) with specific Uniprot IDs of A6QP89 and Q0VBZ1, respectively, myomesin M protein and titin. The thin filaments had different composition and mainly contain nebulin, the complex of three distinct troponins that are troponin T, troponin C and troponin I, the archetypal-coiled coil of tropomyosin and some regulatory proteins [START_REF] Bottinelli | Human skeletal muscle fibres: molecular and functional diversity[END_REF] . All these proteins were reported to play an important role in muscle contraction, in the integrity of the sarcomere, and are further involved in cell signaling [START_REF] Gontier | The Z-disc proteins myotilin and FATZ-1 interact with each other and are connected to the sarcolemma via muscle-specific filamins[END_REF] as well as in meat quality variation of several traits. [START_REF] Gagaoua | Reverse Phase Protein array for the quantification and validation of protein biomarkers of beef qualities: The case of meat color from Charolais breed[END_REF][START_REF] Gagaoua | Reverse phase protein arrays for the identification/validation of biomarkers of beef texture and their use for early classification of carcasses[END_REF][START_REF] Picard | Chapter 11 -Proteomic Investigations of Beef Tenderness[END_REF][START_REF] Picard | Meta-proteomics for the discovery of protein biomarkers of beef tenderness: An overview of integrated studies[END_REF] Among these proteins, myosins that are a large and diverse family of proteins that all contain three primary elements represent 50% of the myofibrillar proteins. One molecule of myosin contains of 2 heavy chains and 4 light chains [START_REF] Schiaffino | Fiber types in mammalian skeletal muscles[END_REF] .

Contractile properties

Myosin heavy chain isoforms (MyHC) play a role in muscle contraction as they have an ATPase activity providing energy for muscle contraction and the MyLCs play a regulatory role. MyHC isoforms are usually used for the characterization of the contractile properties of fibers. Mammalian MyHCs are known to be coded by 11 different MYH genes that are highly conserved in vertebrate evolution. [START_REF] Schiaffino | Fiber types in mammalian skeletal muscles[END_REF] The MYH genes are grouped in two clusters, the first one is composed of slow MyHC I/beta cardiac (MYH7 gene) and α-cardiac (MYH6 gene). The second cluster grouped the 3 fast isoforms MyHC IIa, IIx, IIb that are respectively coded by MYH 2, MYH1 and MYH4 genes (Table 1) and, two developmental isoforms expressed in embryonic and neonatal muscles: MyHC emb and neo coded respectively by the MYH3 and MYH8 genes. [START_REF] Bottinelli | Human skeletal muscle fibres: molecular and functional diversity[END_REF] The four isoforms I, IIa, IIx and IIb are predominant in adult skeletal muscles of different species (Table 1). MyHC I isoform is expressed in type I fibers that are slow, and the MyHC IIa, IIx and IIb fast isoforms are expressed respectively in the fibers IIA, IIX and IIB. The first studies in this field, reported that in mammals, the fast isoforms MyHC IIa and IIb were expressed respectively in the IIA and IIB fibers. However, the recent developments namely in the techniques of the identification of the types of myosins fibers allowed the identification of a third fast MyHC IIx isoform in several species including cattle, rat, human, and pig. [START_REF] Schiaffino | Fiber types in mammalian skeletal muscles[END_REF] It is worthy to note that the fast MyHC IIx isoform is expressed in fibers known as IIX for which we have difficulty to distinguish them in cattle from type IIB fibers using conventional histochemical techniques only.

Metabolic characteristics of myosin fibers

The skeletal muscle has as a main function the transformation of chemicals into mechanical energy allowing the production of force for contraction and for maintaining posture. Furthermore, skeletal muscles contribute to basal energy metabolism, thermoregulation and storage of substrates like carbohydrates and amino acids. [START_REF] Ouali | Biomarkers of meat tenderness: present knowledge and perspectives in regards to our current understanding of the mechanisms involved[END_REF] All these muscle actions use ATP which is produced through three known basic energy pathways in the core of the muscle fiber. [START_REF] Ouali | Biomarkers of meat tenderness: present knowledge and perspectives in regards to our current understanding of the mechanisms involved[END_REF][START_REF] England | Presence of oxygen and mitochondria in skeletal muscle early postmortem[END_REF] The two main source of energy are carbohydrates by the transformation of glucose and breakdown of glycogen and from lipids that group triglycerides, free fatty acids, ketone bodies volatile fatty and acids. These molecules constitute also within the muscles the reserves that play important role ante-and post-mortem. [START_REF] Ouali | Biomarkers of meat tenderness: present knowledge and perspectives in regards to our current understanding of the mechanisms involved[END_REF] The use of these molecules contribute as source for the production of energy for muscle contraction under two complimentary and interconnected pathways: the glycolytic without any molecule of oxygen and the oxidative pathway that requires the presence of oxygen. After birth and using use at the same time both the metabolic and contractile properties (typing) allow to differentiate 3 fibers types in bovine: the slow oxidative (I) fibers, the fast glycolytic (IIA) fibers and the fast glycolytic (IIX) fibers. [START_REF] Picard | Classification of Bovine Muscle Fibres by Different Histochemical Techniques[END_REF] These fibers are considered as pure fibers. Other fibers called "hybrid fibers" contain simultaneously several MyHCs. Worthy to note that these hybrid fibers are common in the fetus during the acquisition of contractile properties of fibers. [START_REF] Picard | Consequences of selection for higher growth rate on muscle fibre development in cattle[END_REF] In mammals, they arise from transitions in the expression of MyHCs as fellow:

I  I/IIa  IIa  IIa/IIx  IIx  IIx/IIb  IIb.
Accoroding to several earlier studies, these reversible transitions occur as a function of age, but also affected by specific factors, namely the activity and exercise of the animals at the farm considered as a rearing practice as well as further rearing factors that include the diet and use of some thyroid hormones. 

Mean cross-sectional area of myosin fibers

The mean cross sectional area (CSA) of the fibers in cattle and in most muscles is categorized as follows: IIB/IIX>IIA>I (Table 1). More particularly, the mean CSA of oxidative fibers is small compared to the glycolytic one allowing an efficient diffusion of O 2 . [START_REF] Maltin | The effects of age at slaughter, genotype and finishing system on the biochemical properties, muscle fibre type characteristics and eating quality of bull beef from suckled calves[END_REF] However, exceptions are encountered in particular in some muscles such as Rectus abdominis for which the classification is not occurring by the same manner and is likely inverted, the MyHC-I (type I fibers) have greatest CSA. [START_REF] Oury | Specific fibre composition and metabolism of the rectus abdominis muscle of bovine Charolais cattle[END_REF] The mean CSA of fibers depends on muscle type. For example, several studies showed low CSA of Longissimus thoracis. [START_REF] Chriki | Meta-analysis of the comparison of the metabolic and contractile characteristics of two bovine muscles: longissimus thoracis and semitendinosus[END_REF] In an earlier study that used different muscles, the smallest CSA of all fiber types was detected in the Psoas major while the greatest was found for the type I in the Semitendinosus and for the types IIA and IIX in the Biceps femoris. [START_REF] Costagliola | Age-Related Changes in Skeletal Muscle of Cattle[END_REF] 

Techniques allowing the classification of muscle fibers

Muscle fibers are classified using the contraction rate and the metabolic properties characterizing the energy source used by muscle during contraction. These classifications can be performed using very thin (ultra) sections of muscle fibers from a tissue sample frozen in liquid nitrogen and stored at -80°C [START_REF] Picard | Classification of Bovine Muscle Fibres by Different Histochemical Techniques[END_REF][START_REF] Meunier | Development of image analysis tool for the classification of muscle fibre type using immunohistochemical staining[END_REF][START_REF] Astruc | In situ thermal denaturation of myofibre sub-type proteins studied by immunohistofluorescence and synchrotron radiation FT-IR microspectroscopy[END_REF] or using an ELISA test [START_REF] Picard | Quantitative determination of type I myosin heavy chain in bovine muscle with anti myosin monoclonal antibodies[END_REF] or by adapted electrophoresis using muscle extracts [START_REF] Picard | Electrophoretic separation of bovine muscle myosin heavy chain isoforms[END_REF][START_REF] Picard | Protocol for high-resolution electrophoresis separation of myosin heavy chain isoforms in bovine skeletal muscle[END_REF][START_REF] Scheffler | Technical note: Protocol for electrophoretic separation of bovine myosin heavy chain isoforms and comparison to immunohistochemistry analysis[END_REF] .

Histochemical techniques

The first histochemical classification as reported by Guth and Samaha 42 used the differential sensitivity of the ATPase activity of MyHC isoforms to acidic or alkaline pH (Figure 1). This technique allows distinguishing the fast twitch acid-fast type II fibers from the slow twitch acid-sensitive type I fibers. Indeed, at low pH conditions (acidic), the ATPase activity of fast fibers is inhibited, but not that of slow fibers. In these conditions and as can be seen in Figure 1a, the slow fibers are stained with black color, and the fast fibers are in white.

Brooke and Kaiser 43 using different pH pre-incubation conditions succeeded to improve this classification by identifying two subclasses of fast fibers (Figure 1b,c). A parallel classification as shown in Figure 1d was based on joint revelation on serial sections of the activity of ATPase and of enzymes of oxidative metabolism such as succinate dehydrogenase (SDH) [START_REF] Ashmore | Simultaneous cytochemical demonstration of muscle fiber types and acetylcholinesterase in muscle fibers of dystrophic chickens[END_REF][START_REF] Peter | Metabolic profiles of three fiber types of skeletal muscle in guinea pigs and rabbits[END_REF] . By following this method, slow oxidative (SO) fibers, which are black for ATPase at acidic pH and blue for the SHD activity because of a high oxidative metabolism due to exclusively MyHC I isoform (Table 1) can be distinguished. Among the fast fibers, two sub-populations can be distinguished that are the blue fibers under SDH known as fast oxidative fibers FOG (or αR) and contain the isoform of MyHC IIa. The other type of fast fiber (white ATPase at acidic pH) is not colored blue by SDH as this type has a very low oxidative metabolism. These fibers were then called fast glycolytic FG (or αW) containing mainly MyHC IIx. These fibers are known to use carbohydrates to produce energy without oxygen need. In cattle and for a long period of time, IIX fibers were classified as IIB, according to the classification of Brooke and Kaiser [START_REF] Brooke | Muscle fiber types: How many and what kind?[END_REF] , because the conventional histochemical techniques were not able to accurately distinguish the two types of fibers.

Immunohistochemical techniques

Immunohistochemistry techniques using antibodies targeting specific MyHCs have been proposed and developed during the last dacade. [START_REF] Meunier | Development of image analysis tool for the classification of muscle fibre type using immunohistochemical staining[END_REF][START_REF] Astruc | In situ thermal denaturation of myofibre sub-type proteins studied by immunohistofluorescence and synchrotron radiation FT-IR microspectroscopy[END_REF][START_REF] Scheffler | Technical note: Protocol for electrophoretic separation of bovine myosin heavy chain isoforms and comparison to immunohistochemistry analysis[END_REF][START_REF] Astruc | Preferred metabolic pathway of bovine muscle fibre revealed by synchrotron-deep ultraviolet fluorescence imaging[END_REF] Therefore, four fiber types (I, IIA, IIX and IIB) can be classified from the detection of MyHC I, IIa, IIx and IIb isoforms (Figure 2). This technique allows an efficient differentiation among the pure muscle fibers that contain a single MyHC isoform from hybrid ones containing multiple isoforms. To our knowledge, there exists no other method allowing distinguishing these myosin hybrid fibers.

In cattle and according to Picard et al. [START_REF] Picard | Classification of Bovine Muscle Fibres by Different Histochemical Techniques[END_REF] , this technique allows the identification of IIC fibers containing MyHC I and IIa isoforms, and IIAX fibers containing the IIa and IIx MyHC isoforms (Figure 2). The identification of these hybrid fibers is of interest to accurately track and analyze the plasticity of muscle fibers.

The image analysis can be performed using different software tools such as Visilog [START_REF] Meunier | Development of image analysis tool for the classification of muscle fibre type using immunohistochemical staining[END_REF] or

MyoVision [START_REF] Wen | MyoVision: software for automated high-content analysis of skeletal muscle immunohistochemistry[END_REF] allowing a fast and automatic classification of the fibers after the detection of fiber types based on different antibodies raised against various MyHCs. For example, Visilog a tool efficiently applied by our group allows an objective and fast fiber typing as well as morphometric characterization of cattle muscle fibers. This tool allows saving time and gain reliability for research laboratories due to its combination with the recent advances in fluorescence microscopy, immunochemistry and image processing algorithms. Furthermore, Visilog permits also to automatically determine the mean cross sectional area per type and fiber density (number per mm 2 ) for an approximate of 300 fibers per serial image. It is further used for fiber typing in other livestock species and in laboratory animals such as rodent [START_REF] Kammoun | A simplified immunohistochemical classification of skeletal muscle fibres in mouse[END_REF] .

Electrophoretic separation of MyHCs

As stated above, the contractile properties of a muscle could be further analyzed through [START_REF] Kim | Analysis of Myosin Heavy Chain Isoforms from Longissimus Thoracis Muscle of Hanwoo Steer by Electrophoresis and LC-MS/MS[END_REF] . To avoid this, an accurate protocol was firstly proposed by Picard et al. [START_REF] Picard | Protocol for high-resolution electrophoresis separation of myosin heavy chain isoforms in bovine skeletal muscle[END_REF] and another one recently by Scheffler et al. [START_REF] Scheffler | Technical note: Protocol for electrophoretic separation of bovine myosin heavy chain isoforms and comparison to immunohistochemistry analysis[END_REF] to separate the different bovine MyHC isoforms in mini polyacrylamide gels (Figure 3). This technique solved the problems associated to the use of polyacrylamide gradient gels [START_REF] Picard | Electrophoretic separation of bovine muscle myosin heavy chain isoforms[END_REF] and allows a good separation with a high reproducibility. These conditions were applied successfully on sheep [START_REF] Hemmings | Examination of myosin heavy chain isoform expression in ovine skeletal muscles1[END_REF][START_REF] Yates | Intrauterine growth-restricted sheep fetuses exhibit smaller hindlimb muscle fibers and lower proportions of insulin-sensitive Type I fibers near term[END_REF][START_REF] Hamdi | Carcass traits, contractile muscle properties and meat quality of grazing and feedlot Barbarine lamb receiving or not olive cake[END_REF] and camel MyHCs. [START_REF] Abdelhadi | Effect of season on contractile and metabolic properties of desert camel muscle (Camelus dromedarius)[END_REF][START_REF] Al-Owaimer | Chemical composition and structural characteristics of Arabian camel (Camelus dromedarius) m. longissimus thoracis[END_REF] The electrophoretic separation allowed identifying a fourth MyHC isoform in some bovine (Figure 3a) and identified by Picard and Cassar-Malek 54 as MyHC IIb. From the large literature, it seems that this isoform was considered not to be expressed in the trunk and limb muscles of bovine. The earlier work by Maccatrozzo, et al. [START_REF] Maccatrozzo | Myosin Heavy Chain 2B isoform is expressed in specialized eye muscles but not in trunk and limb muscles of cattle[END_REF] showed that the MyHC-IIb coded by the gene MYH4 was present in the cattle genome on Ch.19, but was not expressed as shown by Chikuni, et al. [START_REF] Chikuni | Myosin heavy chain isoforms expressed in bovine skeletal muscles[END_REF] who described its expression restricted to certain specialized eye muscles. Although the transcript was present in all animals studied, Picard and Cassar-Malek [START_REF] Picard | Evidence for expression of IIb myosin heavy chain isoform in some skeletal muscles of Blonde d'Aquitaine bulls[END_REF] found the MyHC IIb isoform only in some cattle. This suggests the existence of a post-transcriptional regulation in the expression of MyHC-IIb. By the means of an adapted SDS-PAGE electrophoresis protocol [START_REF] Picard | Protocol for high-resolution electrophoresis separation of myosin heavy chain isoforms in bovine skeletal muscle[END_REF] , MyHC IIb isoform was found with various frequencies among some French beef breeds: Blond d'Aquitaine (25%), Limousin (4%) and Charolais (6%). [START_REF] Picard | A particular myosin heavy chain isoform variable between beef breeds[END_REF] More recently, Moran, et al. [START_REF] Moran | Effect of a grazing period prior to finishing on a high concentrate diet on meat quality from bulls and steers[END_REF] and Gagaoua and co-workers from two different studies [START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF][START_REF] Gagaoua | Coherent correlation networks among protein biomarkers of beef tenderness: What they reveal[END_REF] found that the MyHC IIb isoform is present in very few animals only within very different groups of rearing practices and production systems. Using a proteomics based-approach following in-gel digestion with trypsin by LC-MS/MS mass spectrometry, Kim 11 identified peptides specific of MyHC-I, IIa, and IIx, but they did not identify a unique peptide of MyHC IIb in Longissimus thoracis muscle of Korean native steers. It is worthy to note that the protocol of Picard et al. [START_REF] Picard | Protocol for high-resolution electrophoresis separation of myosin heavy chain isoforms in bovine skeletal muscle[END_REF] allowing a good separation of adult MyHCs but not of fetal and developmental MyHC isoforms (Figure 3b,c) compared to earlier protocols [START_REF] Picard | Electrophoretic separation of bovine muscle myosin heavy chain isoforms[END_REF][START_REF] Talmadge | Electrophoretic separation of rat skeletal muscle myosin heavy-chain isoforms[END_REF] .

Which is the best classification technique?

From the three examples above, we can see that the selection of the accurate classification method is very important as some authors demonstrated that muscle fibers classification is not strictly the same within each technique. To summarize this and for example, the fibers classified as fast oxido-glycolytic (FOG) following the technique of Peter et al. [START_REF] Peter | Metabolic profiles of three fiber types of skeletal muscle in guinea pigs and rabbits[END_REF] were considered as fibers containing MyHC IIa isoform characterized with a metabolism to be likely oxido-glycolytic. [START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF] However, worthy to note that in in some muscles especially the Longissimus thoracis considered as reference in most meat science studies, fibers expressing the MyHC IIa isoform and based on an immunohistochemical analysis are classified into two subpopulations according to their metabolic properties: IIA non-oxidative fibers and IIA oxidative. [START_REF] Picard | Classification of Bovine Muscle Fibres by Different Histochemical Techniques[END_REF] These fibers are categorized as fast glycolytic (FG) fibers based on the method of Peter and co-workers [START_REF] Peter | Metabolic profiles of three fiber types of skeletal muscle in guinea pigs and rabbits[END_REF] , therefore considered as fibers with a glycolytic metabolism due to the exclusive expression of MyHC IIx isoform. In contrast to this, in Semitendinosus muscles, all IIA fibers that correspond strictly to FOG fibers have an oxidative metabolism. [START_REF] Picard | Classification of Bovine Muscle Fibres by Different Histochemical Techniques[END_REF] On other muscles, we can note that the activity of succinate dehydrogenase (SDH) of fast fibers is very low in Rectus abdominis, hence making it difficult to distinguish between FOG and FG muscle fibers. So, according to Oury, et al. [START_REF] Oury | Interrelationships between meat quality traits, texture measurements and physicochemical characteristics of M. rectus abdominis from Charolais heifers[END_REF] the classification of Peter et al. [START_REF] Peter | Metabolic profiles of three fiber types of skeletal muscle in guinea pigs and rabbits[END_REF] cannot be used in the case of Rectus abdominis muscle.

Therefore, to efficiently classify muscle fibers and characterize the muscles for their contractile and metabolic properties, it is worthy to consider a stepwise approach by first reveal the contractile type using antibodies raised against the MyHC of interest but characterizing the four described above (I, IIA, IIX and IIB) by immunohistochemistry and second evaluate in serial sections prepared following the protocol given earlier by measuring the activity of SDH. [START_REF] Picard | Classification of Bovine Muscle Fibres by Different Histochemical Techniques[END_REF] In the context of experiments with large number of animals, this proposed approach based on immunohistochemistry cannot be applied, as it requires lot of time. To avoid this and be able to characterize the contractile and metabolic properties of bovine muscle(s) in another efficient way, the alternative would be the use of protein extracts (homogenates) from fresh or frozen samples taken preferably early post-mortem (30 min to 24h) using an adapted protocol of sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) or other immunological techniques such as ELISA [START_REF] Picard | Quantitative determination of type I myosin heavy chain in bovine muscle with anti myosin monoclonal antibodies[END_REF] , Dot-Blot [START_REF] Gagaoua | Coherent correlation networks among protein biomarkers of beef tenderness: What they reveal[END_REF][START_REF] Guillemin | Validation of a Dot-Blot quantitative technique for large scale analysis of beef tenderness biomarkers[END_REF][START_REF] Gagaoua | Data from the farmgate-to-meat continuum including omics-based biomarkers to better understand the variability of beef tenderness: An integromics approach[END_REF] or

Reverse Phase Protein Array (RPPA). [START_REF] Gagaoua | Reverse Phase Protein array for the quantification and validation of protein biomarkers of beef qualities: The case of meat color from Charolais breed[END_REF][START_REF] Gagaoua | Reverse phase protein arrays for the identification/validation of biomarkers of beef texture and their use for early classification of carcasses[END_REF][START_REF] Picard | Beef tenderness and intramuscular fat proteomic biomarkers: muscle type effect[END_REF][START_REF] Picard | Beef tenderness and intramuscular fat proteomic biomarkers: Effect of gender and rearing practices[END_REF] . Further, we recommend the measurement of the activities of some enzymes representative of the oxidative and/or glycolytic metabolic pathways [START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF][START_REF] Hocquette | Metabolic and contractile characteristics of Longissimus thoracis muscle of young bulls from 15 European breeds in relationship with body composition[END_REF][START_REF] Jurie | The separate effects of the nature of diet and grazing mobility on metabolic potential of muscles from Charolais steers[END_REF] . The most commonly tested enzymes from the glycolytic pathway [START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF] 

Inter-and intra-muscle variability

Among muscles (limb, trunk, and head) large differences were described in the proportions of the different muscle fiber types. [START_REF] Kim | Comparison of Characteristics of Myosin Heavy Chain-based Fiber and Meat Quality among Four Bovine Skeletal Muscles[END_REF] The composition in muscle fibers depends on muscle function and anatomical location [START_REF] Gagaoua | Are there consistent relationships between major connective tissue components, intramuscular fat content and muscle fibre types in cattle muscle?[END_REF][START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF][START_REF] Schreurs | Meta-analysis of the effect of animal maturity on muscle characteristics in different muscles, breeds, and sexes of cattle[END_REF][START_REF] Talmant | Activities of metabolic and contractile enzymes in 18 bovine muscles[END_REF][START_REF] Gagaoua | The study of protein biomarkers to understand the biochemical processes underlying beef color development in young bulls[END_REF][START_REF] Totland | Distribution patterns of muscle fibre types in major muscles of the bull (Bos taurus)[END_REF] . It has been reported by Rosser and colleagues [START_REF] Rosser | Metabolic capacity of individual muscle fibers from different anatomic locations[END_REF] that the muscles that are deep and involved in maintaining posture are likely to be more oxidative with great amounts of type I fibers than more superficial muscles involved in rapid movements. In cattle, type I fibers occupies a volume 10% higher in the muscles of the front than in the rear, however, the volume that IIX fibers occupies is almost similar with proportions of 37% and 38%, respectively. An earlier work by Kirchofer, et al. [START_REF] Kirchofer | Fiber-type composition of muscles of the beef chuck and round1[END_REF] (ST) showed that among them RA muscle had the highest proportions of type I fibers, followed by LT then by ST and SM that were both equivalent. [START_REF] Gagaoua | Are there consistent relationships between major connective tissue components, intramuscular fat content and muscle fibre types in cattle muscle?[END_REF] For type IIA fibers, LT muscle had higher proportions in comparison to SM and RA that were equivalent and with higher proportions than ST muscle with the lowest percentages. Concerning the sum of IIX+B fibers type, the Semitendinosus and Semimembranosus muscles had the greatest proportions compared to Longissimus thoracis and Rectus abdominis that were both found to be equivalent. [START_REF] Gagaoua | Are there consistent relationships between major connective tissue components, intramuscular fat content and muscle fibre types in cattle muscle?[END_REF] Intra-muscle variability in the distribution of the different fiber types could be further observed. Generally, the proportion of the IIX fibers is much higher in the posterior and superficial muscles whereas the proportions of the type I fibers is greater in the medial and anterior muscles. [START_REF] Totland | Distribution patterns of muscle fibre types in major muscles of the bull (Bos taurus)[END_REF] Accordingly, a proximal-distal gradient in terms of the metabolic and contractile properties was reported in an earlier study by Brandstetter and co-workers [START_REF] Brandstetter | Regional variations of muscle fibre characteristics in m. semitendinosus of growing cattle[END_REF] in young cattle along the length of the Semitendinosus muscle. The fast glycolytic type decreased and inversely the slow oxidative type increased from the proximal to distal extremity, and this gradient was found to disappear in 16 months old young bulls [START_REF] Brandstetter | Regional variations of muscle fibre characteristics in m. semitendinosus of growing cattle[END_REF] . Also, Hunt and Hedrick 76 who investigated the fibers in 5 bovine muscles from six steer beef carcasses of the USDA choice and taken at a commercial slaughterhouse with typical A maturity of no physical evidence of double muscling and with uniform distribution of the marbling content and normal color, found in ST and SM muscles that the inner part of the SM was richer in glycolytic fibers than the outer part and the inner part of the ST was richer in oxidative fibers than the outer. Moreover, a very recent study by Van Bibber-Krueger and co-workers on young black-hided cattle reported around 11.6% less type I fibers and 14% more type IIX fibers in the proximal location of the ST muscle when compared to the middle and distal location, designating this location to be more glycolytic than the others [START_REF] Van Bibber-Krueger | Effects of quality grade and intramuscular location on beef semitendinosus muscle fiber characteristics, NADH content, and color stability[END_REF] . Further, the authors highlighted that the middle location had 5.4% less type IIA fibers and 8.7% more type IIX fibers than the distal area, describing this later to be also glycolytic. Using an histochemical technique, as described in the methods above, the authors confirmed their results by assessing the SDH staining intensity [START_REF] Van Bibber-Krueger | Effects of quality grade and intramuscular location on beef semitendinosus muscle fiber characteristics, NADH content, and color stability[END_REF] . Finally, it is worthy to consider that the proportions of the three or four main fibers we characterize within muscles are further highly variable regarding to species. As example, the slow oxidative muscle Masseter of adult cattle contains exclusively 100% type I fibers. [START_REF] Picard | Contractile differentiation of bovine maseter muscle[END_REF] This composition that we consider coherent can be explained by the physical role this muscle plays rumination and mastication in ruminants. However, for the animals that are characterized with faster mastication profile especially in rodents such as mice, rat, and rabbit, the Masseter muscle is composed of both the slow oxidative I and oxido-glycolytic IIA fibers. In other species such as guinea pigs (Cavia porcellus), this muscle contains only IIA fibers. On another hand, an unusual fiber type that contains a super-fast MyHC isoform that had a gene name MYH13 was observed in carnivores. [START_REF] Schiaffino | Fiber types in mammalian skeletal muscles[END_REF] At the end of gestation, this muscle is composed of approximately 80% fast and 20% slow fibers. In suckled animals, the percentages of slow fibers was described to increase with age from approximately 53% at the age 170 days to 100% just after weaning in different gender including steers, bulls and cows. [START_REF] Picard | Contractile differentiation of bovine maseter muscle[END_REF] These data illustrate that the slow-twitch properties of this muscle are acquired due to an adaptive response to rumination, hence, demonstrating that the properties of the fibers depend on the rate and extent of the contractility of the muscle. The Diaphragma muscle is the other example that we can cite here. This latter was described to contain mainly IIX fibers and considered as fast muscle in mice and rats, but as a slow muscle in large mammals including cattle and in which it contains both type I and IIA fibers. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF] 

Breed variability

For cattle, it was demonstrated that the muscle properties are breed-dependent, as observed in other species. A comprehensive study on 30 bulls from 15 breeds in Europe with similar rearing practices and slaughtering conditions, illustrated the various properties of Longissimus thoracis muscle. [START_REF] Hocquette | Metabolic and contractile characteristics of Longissimus thoracis muscle of young bulls from 15 European breeds in relationship with body composition[END_REF] Among the 15 breeds, especially those of Spanish origin (Casina, Avilena) known as hardy beef breeds were found to have more oxidative muscles;

the fattiest breeds of British origin (Hereford and Aberdeen Angus) or Jersey known as a small-size dairy breed had more oxidative activity and slow I and IIA fibers with high glycolytic activity and a low proportion of IIX fibers. On the contrary, the lean breeds such as Limousin and Charolais of French origin and Piedmontese, an Italian-born breed had high proportions of fast glycolytic fibers IIX. [START_REF] Hocquette | Metabolic and contractile characteristics of Longissimus thoracis muscle of young bulls from 15 European breeds in relationship with body composition[END_REF] The comparison of even more extreme breeds such as double-muscled Belgian Blue comparatively to Angus, confirmed these trends in the distribution of the muscle fibers in Longissimus thoracis muscle with higher percentages of fast glycolytic fibers in Belgian Blue and oxidative metabolism with lower IIX fibers in Angus. These properties of oxidative metabolism with lower or no IIX fibers were further observed in the two breeds of the official French quality label "Taureau de Camargue" that are Brave and Di Biou. [START_REF] Santé-Lhoutellier | Specific features of muscles and meat from 'AOC' guaranteed-origin Taureau de Camargue beef cattle[END_REF] Overall, the data presented above clearly highlighted that the objective of selection of cattle for meat production is likely to induce a higher percentages of the fibers IIX (fast glycolytic) related with less oxidative metabolism and glycolysis.

Accordingly, a comparative study [START_REF] Gagaoua | The study of protein biomarkers to understand the biochemical processes underlying beef color development in young bulls[END_REF] LT muscle of Aberdeen Angus and Limousin breeds showed strong differences in the proportions of all the isoforms of MyHC-I, -IIa and -IIx/b.

The percentages of the fast oxido-glycolytic MyHC-IIx/b was found to be the highest in the Limousin breed and the other fibers were the highest in Aberdeen Angus. In support of what we presented above, a meta-analysis conducted on large number of cattle metadata including different breeds (Aubrac, Salers, Charolais, Montbéliard, Holstein and Limousin) highlighted the trend in the variations existing in muscle fiber type proportions. [START_REF] Chriki | Meta-analysis of the comparison of the metabolic and contractile characteristics of two bovine muscles: longissimus thoracis and semitendinosus[END_REF][START_REF] Schreurs | Meta-analysis of the effect of animal maturity on muscle characteristics in different muscles, breeds, and sexes of cattle[END_REF] The key home message from the two meta-analyses is that French beef breeds grouping Limousin, Charolais, Salers and Aubrac had a metabolism that is likely glycolytic and associated with a higher percentages of fast glycolytic fibers compared to dairy breeds that are Holstein and Montbéliard. Mixt breeds such as Rouge des Prés have intermediate properties. [START_REF] Couvreur | Relationships Between Cull Beef Cow Characteristics, Finishing Practices and Meat Quality Traits of Longissimus thoracis and Rectus abdominis[END_REF][START_REF] Gagaoua | Associations among Protein Biomarkers and pH and Color Traits in Longissimus thoracis and Rectus abdominis Muscles in Protected Designation of Origin Maine-Anjou Cull Cows[END_REF] The same conclusion was very recently reported under industrial conditions whatever the gender or age of the animals. 8

Myogenesis and muscle development

Skeletal muscle development occurs in three well defined stages that are the embryonic, the fetal and the adult. [START_REF] Du | Meat Science and Muscle Biology Symposium: manipulating mesenchymal progenitor cell differentiation to optimize performance and carcass value of beef cattle[END_REF] During the prenatal stages, the development of skeletal muscle is comprised of the formation of three main components that are i) muscle fibers known as myogenesis; intramuscular adipocytes known as adipogenesis; and the formation of iii) fibroblasts known as fibrogenesis. [START_REF] Du | Meat Science and Muscle Biology Symposium: manipulating mesenchymal progenitor cell differentiation to optimize performance and carcass value of beef cattle[END_REF][START_REF] Bonnet | Ontogenesis of muscle and adipose tissues and their interactions in ruminants and other species[END_REF] These described cells that have pivotal role on the meat properties outcomes has a common origin that is the pool of progenitor cells that develop during the embryonic stage. At the early embryogenesis phase, cells known as multipotent mesenchymal stem diverge into either adipogenic fibrogenic or myogenic lineages. On another hand, the myogenic progenitor cells in turn develop into satellite cells and muscle fibers whereas the adipogenic fibrogenic lineage cells develop into the stromal-vascular fraction of skeletal muscle that group both the fibroblasts and the adipocytes. At the whole muscle level, it is the number and the size of individual muscle fibers that determine the size of a muscle. For further details, we recommend several references on cattle myogenesis. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF][START_REF] Du | Fetal programming in meat production[END_REF][START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF][START_REF] Chen | Adipogenesis, fibrogenesis and myogenesis related gene expression in longissimus muscle of high and low marbling beef cattle[END_REF] In the following sub-sections, we describe the properties of the different muscle fibers during this important phase of myogenesis and muscle development along the life of an animal.

Fetal life

Fetal muscle development involves two phenomena, the increase in muscle cell numbers that is hyperplasia, and of their size or diameter (cross sectional area and length) known as hypertrophy. [START_REF] Pearson | Muscle growth and exercise[END_REF] In cattle, a minimum of two generations of fibers were well described to be involved in the myogenesis stage (Figure 4). The primary generation of cells from the embryonic myoblast fusion, was observed from 30 days post-conception (dpc) and was fully differentiated at the end of the second trimester that is about 180 days of gestation. At this period, the slow twitch fibers become Type I fibers in most muscles of the body, except in adult fast muscles such as the Cutaneus trunci, where they are mainly converted into fast fibers. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF][START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF] The second generation of cells during the fusion of the fetal myoblast was detectable from the end of the first quarter, and was in great part at the origin of IIX fibers. The conversion of the secondary fibers to slow or fast fibers in a muscle-dependent manner occurs just after birth. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF] Some studies suggested that third generation of cells is present as revealed using an immunohistochemistry approach based on specific antibodies against MyHCs.

The study of certain markers of cell differentiation revealed that the metabolic and contractile maturation of muscle fibers occurs mainly during the last trimester of gestation. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF] During this period, the expression of developmental MyHCs isoforms was decreasing. The isoforms (including embryonic, α-cardiac and fetal) revealed by immunohistochemistry (Figure 4) or by an adapted SDS-PAGE electrophoresis (Figure 3b,c) are gradually changed by the adult isoforms of fast myosin heavy chains. The slow fiber isoform of myosin heavy chain (MyHC) is expressed very early, and shown to be detectable around 30 dpc in myotubes, and then it is the only muscle fiber that is expressed from the first generation from 180 dpc. During the last trimester of gestation, this isoform of MyHC is also detected in the fibers of the 2 nd and 3 rd generation, which are in adult muscle at the origin of type I fibers.

According to Picard and co-workers, three weeks after the birth, the muscles of cattle contain only type I, IIa and IIx adult MyHC isoforms [START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF] , and they no longer contain fetal or developmental MyHCs. In a particular manner, the contractile properties of bovine muscle fibers get their maturation early at birth, in a similar manner than human [START_REF] Shrager | Human skeletal myosin heavy chain genes are tightly linked in the order embryonic-IIa-IId/x-IIb-perinatal-extraocular[END_REF] and sheep [START_REF] Maier | Myosin heavy chain composition of single fibres and their origins and distribution in developing fascicles of sheep tibialis cranialis muscles[END_REF] but unlike of rodents [START_REF] Cho | Fast myosin heavy chains expressed in secondary mammalian muscle fibers at the time of their inception[END_REF] .

Earlier studies reported that during the last trimester of gestation, an increase in the activities of enzymes from the glycolytic and oxidative pathways occurs from 180 or 210 dpc. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF][START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF] Therefore, from these stages of gestation, muscles can be easily distinguished thanks to their metabolic peculiarities. Compared to other species such as rats, chickens, pigs or rabbits this was possible only during the month following birth or hatching. [START_REF] Picard | Muscle fibre ontogenesis in farm animal species[END_REF] In cattle, the metabolism of all type I fibers from the first generation is oxidative from 210 dpc. For the IIA fibers, an increase in the oxidative metabolism is observable during the last trimester of gestation, and the whole of the fibers were found to be characterized from birth with oxidative metabolism. [START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF] During the last trimester of gestation and in parallel with changes in the expression of the different myosin isoforms, in increase in the activities of the glycolytic enzymes was also reported such as the conversion of cardiac to skeletal lactate dehydrogenase (LDH) isoforms. [START_REF] Chaze | In vivo proteome dynamics during early bovine myogenesis[END_REF][START_REF] Chaze | Proteome dynamics during contractile and metabolic differentiation of bovine foetal muscle[END_REF] To deeper our understanding all these above important changes that occur during the last trimester of gestation, a comprehensive proteomic experiment was performed on Semitendinosus muscle at key stages of fetal life that were 60, 110, 180, 210 and 260 dpc. [START_REF] Chaze | In vivo proteome dynamics during early bovine myogenesis[END_REF][START_REF] Chaze | Proteome dynamics during contractile and metabolic differentiation of bovine foetal muscle[END_REF] This serial time study highlighted hundred proteins changing during gestation which confirmed a proliferating and fusion activity of muscle cells between 60 and 110 dpc, especially with a high production of proteins involved in mRNA processing and developmental processes including splicing, such as Heterogeneous nuclear ribonucleoprotein H3 (HNRH3) and Apolipoprotein B mRNA editing enzyme. This earlier proteomic study further confirmed the key stage of 180 dpc with a high abundance in the production if particular proteins such as WARS (Tryptophan--tRNA ligase), PARK7 (Protein/nucleic acid deglycase DJ-1) and CLIC4 (Chloride intracellular channel protein 4). These proteins were proposed by the authors as putative biomarkers of the total number of fibers. [START_REF] Chaze | In vivo proteome dynamics during early bovine myogenesis[END_REF][START_REF] Chaze | Proteome dynamics during contractile and metabolic differentiation of bovine foetal muscle[END_REF] Stages from 201 to 260 dpc were characterized as differentiation and maturation stages in relation to the increase in the abundance of proteins related to the energy metabolism pathway. It is worthy to note that modifications in isoforms of contractile proteins were further observed.

Postnatal growth

Post-natal muscle growth occurs through muscle fibers hypertrophy (Figure 5) as described in other vertebrate species [START_REF] Brameld | In utero effects on livestock muscle development and body composition[END_REF][START_REF] Biressi | Cellular heterogeneity during vertebrate skeletal muscle development[END_REF] . For example, the postnatal growth of Semitendinosus muscle from birth to 24 months of age was found to be characterized by an increase that is nearly 10-fold of muscle fiber cross sectional area (CSA). This muscle hypertrophy is originated from the fusion of muscle satellite cells with existing fibers.

Satellite cells, originating from the embryonic myotome are situated between the basal lamina and the sarcolemma, playing an important role in the regeneration of muscle fibers and their growth. In cattle fetuses, these cells were found to be detectable at 65 dpc [START_REF] Bonnet | Ontogenesis of muscle and adipose tissues and their interactions in ruminants and other species[END_REF] and at 85 dpc in sheep [START_REF] Greenwood | Intrauterine growth retardation is associated with reduced cell cycle activity, but not myofibre number, in ovine fetal muscle[END_REF] . In the muscles where these cells exist, their fusion and proliferation contribute to the continuous increase in the amount of nuclei in muscle fibers of adults. [START_REF] Greenwood | Influences on fetal and placental weights during mid to late gestation in prolific ewes well nourished throughout pregnancy[END_REF] In this context, some studies in the field discovered that in adult muscle the density of satellite cells depends on the myogenic activity during fetal life. A reduction in both the density of satellite cells and the number of muscle fibers was observed and associated to a significant decrease of myogenesis during fetal development, hence inducing permanent reduction of muscle mass [START_REF] Greenwood | Intrauterine growth retardation is associated with reduced cell cycle activity, but not myofibre number, in ovine fetal muscle[END_REF][START_REF] Zhu | Maternal nutrient restriction affects properties of skeletal muscle in offspring[END_REF] .

In a comparison between Biceps femoris muscle from Angus and Wagyu cattle of 12 months old, a study by Fu, et al. [START_REF] Fu | Reduced satellite cell density and myogenesis in Wagyu compared with Angus cattle as a possible explanation of its high marbling[END_REF] demonstrated that Aberdeen Angus had higher satellite cells density compared to Wagyu, a highly marbling breed. However, Wagyu breed had larger fibers, suggesting a lower number of fibers in this breed comparatively to Angus, thus an attenuated myogenesis during early muscle development occur in the marbled cattle. As intramuscular adipocytes and myofibers had as origin the same pool of mesenchymal progenitor cells, the authors suggested a shift in Wagyu cattle from myogenesis to adipo/fibrogenesis during early embryonic development phase. The post-natal muscle growth in cattle is related with modifications in the metabolic and contractile properties of muscles in two main phases (Figure 5a). From 0 -12 months corresponding to the first phase with intense muscle growth, the oxidative metabolism decreases and the glycolytic metabolism increases. [START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF] These modifications are related to changes in muscle fibers mainly with a decrease in the percentages of the fast oxido-glycolytic IIA fibers and an increase in the percentages of the fast glycolytic IIX fibers.

Type I fibers are slightly modified by age. This evolution continues in males until 12 months and then we assist to a gradual reverse. In the second phase after 12 months, a slowdown in the intensity of muscle development and growth is associated with a decrease of the percentages of IIX fibers and an increase of those of I and IIA fibers. Based on a meta-analysis, Schreurs and co-workers [START_REF] Schreurs | Meta-analysis of the effect of animal maturity on muscle characteristics in different muscles, breeds, and sexes of cattle[END_REF] were able to perform a modeling of the changes in muscle fibers proportions and cross section area with age and according to factor such as breed (Figure 5b). These modifications with age in muscle fibers characteristics interested several groups and evidenced that they can be modulated by numerous factors related to production such as diet, the physiological state of the animals as well as their physical activities. [START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF][START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF] Regulation of muscle fiber plasticity As described in the previous sections, the specification muscle fiber type begins prior innervation in the embryo. After birth, a shift of muscle fibers to an overall fast or slow phenotype is induced under a neural influence. This is referred as "muscle fiber plasticity" [START_REF] Lefaucheur | Muscle fiber plasticity in farm mammals[END_REF] .

Many excellent articles have reviewed the biological processes involved in both specification and plasticity of fibers which will not be detailed in this review. [START_REF] Zierath | Skeletal muscle fiber type: influence on contractile and metabolic properties[END_REF][START_REF] Lefaucheur | Muscle fiber plasticity in farm mammals[END_REF][START_REF] Talbot | Skeletal muscle fiber type: using insights from muscle developmental biology to dissect targets for susceptibility and resistance to muscle disease[END_REF][START_REF] Schiaffino | Activity-Dependent Signaling Pathways Controlling Muscle Diversity and Plasticity[END_REF][100] Several factors can modulate or influence the proliferation of myogenic precursor cells due their sensitivity endocrine regulation and nutrients; thus, the physiological conditions and maternal nutrition affect abundance of myogenic cells and their proliferation and consequently the subsequent development or formation of muscle fibers.

Fetal programming

Skeletal muscle development is especially vulnerable to nutritional change. [START_REF] Zhu | Maternal nutrient restriction affects properties of skeletal muscle in offspring[END_REF] In cattle, mid-gestation at the prenatal stage was described to be paramount importance and critical for the development skeletal muscle and for the determinism of the future muscle growth potential. [START_REF] Du | Meat Science and Muscle Biology Symposium: manipulating mesenchymal progenitor cell differentiation to optimize performance and carcass value of beef cattle[END_REF][START_REF] Greenwood | Intrauterine growth retardation is associated with reduced cell cycle activity, but not myofibre number, in ovine fetal muscle[END_REF] . In fact, maternal nutrient deficiency during this stage induces a significant decrease in the number of muscle fibers. In cattle and sheep and at the late gestation stage, maternal nutrient restriction was found to be with no damageable effect muscle fibers numbers. [START_REF] Du | Meat Science and Muscle Biology Symposium: manipulating mesenchymal progenitor cell differentiation to optimize performance and carcass value of beef cattle[END_REF] However, at this stage maternal nutrient restriction could induce a decrease in the muscle fiber size [START_REF] Greenwood | Intrauterine growth retardation is associated with reduced cell cycle activity, but not myofibre number, in ovine fetal muscle[END_REF] , hence impacting the postnatal muscle growth leading by lowering the population density of satellite cells. 101 Several studies showed that during gestation both an over-nutrition or malnutrition impact offspring growth performance. [START_REF] Du | Fetal programming in meat production[END_REF] As the total number of muscle fibers is determined during fetal life, any decrease in muscle fibers content as a consequence of fetal programming, immediately decreases the muscle mass and adversely impacting animal performance. Accordingly, a recent work by Ward, et al. 102 investigated the transcriptome of hind limb fetal muscle in Angus-cross heifers with maternal nutrient restriction during early gestation since 50 days. They found 22 genes differentially expressed between the restricted and control groups. Among them, the authors identified the myogenic genes myoblast determination protein 1 (MYOD1) and myogenin known for their regulation of fiber development and skeletal muscle cell differentiation. From the Wnt signaling pathway, 4 members were found to be up-regulated in restricted fetuses. It is worthy to note that in line to the observation of Kaspric, et al. 103 using bioinformatics and proteomics approaches, the Wnt pathway is very important concerning the promotion of myocytes differentiation. Additional genes were upregulated in restricted fetuses including members of the troponin, myosin and actin proteins. Recently, an analysis of the Semitendinosus and Longissimus thoracis proteomes of fetuses from heifers subjected to restriction in nutrients and then to re-alimentation from early to mid-gestation reported further insights. Thus, the changes in the abundance of a total of 28 proteins mainly related to protein metabolism or to glucose, in the regulation of cell proliferation or apoptosis was modified by maternal nutrition 104 .

Genetic variability in the metabolic and contractile characteristics of muscle fibers

Myostatin, MSTN, also called growth differentiation factor 8 (GDF8) is one of the important regulators of myogenic cell proliferation and is a highly negative regulator of skeletal muscle mass 105 . MSTN regulates both muscle mass and fiber type composition.

MSTN is first translated as a secreted protein which is at this stage in an inactive form. The activation occurs after that that through two separate cleavages to remove both the inhibitory domain and signaling peptide. This leads to the production of an active form of MSTN able to bind easily to several regulatory proteins present the blood. 106 MSTN is first expressed in the somites of the myotome and later in developing fully skeletal muscles. Absence of functional MSTN during fetal development induces a significantly increase in the adult muscle mass through both hyperplasia and hypertrophy of the skeletal muscle myofibers. In adult animals, a differential expression of MSTN according to the type of muscle has been described, fast muscles and especially those composed of type II fibers contain greater levels of MSTN than slow muscles. 107 MSTN is further involved in the regulation of the function of muscle satellite cells, by playing a role in their inhibition in several animal species. 106 In cattle, mutation in MSTN results in "double muscling" phenotype. 108, 109 For example, in double muscled Belgian Blue breed a high hyperplasia of muscle fibers during fetal life originates around twice the total number of fibers compared to other breeds. 108,109 The type I fibers number was not affected, therefore suggesting that the additional fibers found in the postnatal double muscled Belgian Blue were type IIX and IIA fibers. Further studies on fetus confirmed a higher proliferation of the fibers related to the second generation, hence leading to a higher percentage of the fast glycolytic fibers. 110 In line with the negative control role that MSTN plays on the proliferation of fast-twitch glycolytic muscle fibers, a proteomics analysis on Semitendinosus muscle from adult double muscled Belgian Blue showed a higher abundance of proteins of the fast glycolytic type in homozygote cattle comparatively to their controls, and the heterozygotes being intermediate. 111 The authors identified some proteins as As observed for double muscled cattle, it was shown that adult in Charolais selected based on their muscle growth potential into high (H) versus low (L) 114 to have greater percentages of the fast glycolytic fibers. Analysis of H and L fetuses along gestation highlighted a higher hyperplasia in H muscles. This was further confirmed by in vitro studies showing a higher proliferation of myoblasts from high potential growth muscle 115 as observed for double muscled comparatively to non-double muscled myoblasts. [START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF] It is worthy to note that a higher fast glycolytic phenotype in H muscles was observed from the last trimester of fetal life. Nevertheless, it was further shown that a delay in the physiological maturity, consequently inducing a delay in the plasticity of muscle fibers after birth and observed in H animals compared to L cattle. It is important to mention that the effects of selection on muscle growth potential are observable only at some ages of the life of the animal due to different kinetics of muscle growth that can be observed in H and L cattle. [START_REF] Picard | Consequences of selection for higher growth rate on muscle fibre development in cattle[END_REF] Similarly to the observations descried for double muscled animals, differences in the expression of fTNNT were found in H cattle comparatively to L cattle. These data highlight that there exist a strong association in the increase of muscle and the fine regulation in the expression of fTNNT isoforms. It appears that the greater the muscle mass of the animals is, the higher is the value of the ratio fTNNT exon 16 / fTNNT exon 17. According to these results the proteomic work by Bouley et al. 111 suggested this ratio as a good indicator of muscle mass (Figure 6).

Hormonal factors influencing muscle fibers properties

The effect of androgens was extensively described in the large literature, indicating muscle hypertrophy originated by a higher CSA of all fibers in bulls comparatively to steers. 116,117 These properties are associated to the slowdown with age of the conversion of the fast oxido-glycolytic IIA fibers into the fast glycolytic IIX fibers. Muscles of steers comparatively to bulls at the same age have more amounts of fast glycolytic fibers IIX, and higher glycolytic activity of the enzymes characterizing the glycolytic pathway. [START_REF] Moran | Effect of a grazing period prior to finishing on a high concentrate diet on meat quality from bulls and steers[END_REF][118][119][120] On another hand, steers were reported by some studies to have lower percentages of type IIX fibers and greater percentages of type IIA compared to heifers whatever the age. [START_REF] Chriki | Meta-analysis of the comparison of the metabolic and contractile characteristics of two bovine muscles: longissimus thoracis and semitendinosus[END_REF][START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF]121 However, the differences are more or less pronounced depending on the muscle. [START_REF] Gagaoua | Are there consistent relationships between major connective tissue components, intramuscular fat content and muscle fibre types in cattle muscle?[END_REF] In this context, the studies that investigated the effect of the age at castration at 2 months or 4 months revealed that the consequences on muscle fibers properties were observable only after puberty. 118 These authors showed that testosterone production started at almost 2 months, however, no difference in muscle fiber composition was observed nor at 4 neither at 8 months. At 12 and 16 months, the muscles of steers contained more percentages of IIX fibers and lower proportions of type I fibers compared to young bulls. These differences further confirmed in steers to be related with a lower oxidative activity essayed by isocitrate dehydrogenase (ICDH) and a higher glycolytic activity as assessed by lactate dehydrogenase (LDH). Moreover, the average cross sectional area (CSA) of the fibers was lower in steers that is explained by the hypertrophic role or impact induced by testosterone in bulls. 118 Muscle hypertrophy can be further induced using β-agonists (exogenous anabolics) such as zilpaterol, cimaterol and clenbuterol. In animals treated with these chemical agents, the average CSA of fibers in their muscles increased and contain lower percentages of the slow oxidative type I fibers and faster glycolytic type IIX fibers compared to their controls. [122][123][124] It is worthy to note that this effect included an increase in the CSA of the type I fiber.

Nutritional effects

In addition to the previous sections, the efficiency in muscle growth of cattle can also be manipulated through the diet applied during postnatal period. In fact, among the important factors that were extensively studied as influencing factors in cattle production of the muscle fibers properties we cite the composition of the diet and its energy level. [START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF] Intensive research in this context exist in the large literature. 121, 125-127 For example, the dietary restriction before weaning induces modifications in muscle fibers characteristics, which are still visible 5 months after weaning (i.e. at the age of 9 months) but are not yet observable at 18 months which is the age at slaughter. 118 Moreover, the CSA of fibers was found smaller 5 months after the end of the restriction and the percentages of type IIX and I fibers were higher in the muscles of restricted animals compared to their controls. [START_REF] Picard | Skeletal muscle proteomics in livestock production[END_REF] These characteristics are the consequence of the phenomenon of the compensatory growth described by Hornick, et al. 128 . This is current in extensive production systems where animals alternate periods of adequate feed supply from periods of insufficient nutrition. 129 Most of the studies that we cited in this section and all dealing with the impact of energy restriction after weaning followed by compensatory growth, reported a decrease in the cross sectional area of the fibers accompanied by an increase in the percentages of the oxidative metabolism fibers (type I and IIA). In contrast and as expected the activity of enzymes of the glycolytic pathway and the proportions of IIX fibers decreased. An earlier study by Yambayamba and Price 130 in heifers suggested that a decrease in the energy intake of the animal leads to more oxidative fibers than glycolytic fibers in the Longissimus thoracis muscle. The opposite trend was observed during the period of compensatory growth, where an increase in the percentages of the fast glycolytic IIX fibers accompanied with a more glycolytic metabolism is dominating compared to all what is oxidative that strongly decrease. 118,127 Similarly, the CSA of the fibers were affected at the end of the compensatory growth and remains lower compared to the controls. Several factors such as the genotype, the gender or sex, the type of muscle including the metabolic changes, the maturity level and fat amount of the animal thus of its muscle at the time of nutrient deprivation, the age of the animals as described above impact compensatory growth. 125 The intensity and duration of the restriction and compensation play both a great role. 131 Variations in growth rate during the finishing period can also induce changes in muscle properties. 129 For example, Vestergaard, et al. 132 found in Semitendinosus muscle of animals produced extensively an increase in the IIA fibers percentages. On another hand, the studies that investigated the impact of the nature of the diet reported that grazing cattle have as expected more oxidative muscles than those receiving only corn silage. [START_REF] Jurie | The separate effects of the nature of diet and grazing mobility on metabolic potential of muscles from Charolais steers[END_REF] In the large literature, most of the factors cited above were investigated including a combination of some of them in one study such as the respective impact of the type of diet (or its nature) with the activity (mobility) of the animals at the farm. Therefore, the oxidative properties of the muscles were then evidenced to be related to the activity of the animals that move rather than to the strict effect of type of feeding regimen, as physical activity induces conversion or a switch of the fibers from white to red. [START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF]125 In this context and in line with these statements, an elegant comprehensive review by Dunne and co-workers explained that the changes in color of the muscle fibers is likely to be due to the higher physical activity of the animals at the farm as the muscles of these cattle reared on pasture contain greater amounts of myoglobin in response to the high percentages of the oxidative fibers. 133 More recently, the study by Gagaoua et al. [START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF] on PDO Maine-Anjou cows identified that on animals reared mostly under grass feeding regimen had higher percentages of oxidative IIA fibers at the expense of IIX fibers (Figure 7). Also, studies by Gagaoua et al. [START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF] and Picard et al. [START_REF] Picard | Beef tenderness and intramuscular fat proteomic biomarkers: Effect of gender and rearing practices[END_REF] revealed that further proteomic biomarkers can change with muscle fibers as their expression is interrelated. Further, a recent study showed that intramuscular fat content decreased and the percentages of IIA fibers increased in pre-finishing animals with a grazing period compared to those pre-finished with only on concentrates. 58

Overview of associations between muscle fibers typing and beef quality traits

From the large literature and whatever the species, several meat qualities such as pH decline, tenderness, juiciness, flavor, color, drip loss, water-holding capacity (WHC) and marbling are associated to the different characteristics of the muscle fibers described in the sections above and cited references. [START_REF] Lefaucheur | A second look into fibre typing--relation to meat quality[END_REF][START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF][START_REF] Choi | Muscle fiber characteristics, myofibrillar protein isoforms, and meat quality[END_REF][START_REF] Joo | Control of fresh meat quality through manipulation of muscle fiber characteristics[END_REF] In cattle, the associations were mainly described for pH decline, color and beef tenderness among the other qualities that we briefly summarize in the following sub-sections.

pH decline

The classification of muscle fibers by contractile speed (slow vs. fast) and metabolic properties (oxidative vs. glycolytic) is the reasons for which MyHC isoforms were directly involved as drivers of the early rate of post-mortem metabolism 6 including pH drop. [START_REF] Gagaoua | Associations among Protein Biomarkers and pH and Color Traits in Longissimus thoracis and Rectus abdominis Muscles in Protected Designation of Origin Maine-Anjou Cull Cows[END_REF]125 It is well established in red muscles that the rate and extent of pH decline can be higher in meat with more percentages of fast-twitch glycolytic fibers. Associations of MyHC isoforms with pH decline are partly related to glycogen at slaughter and to the mitochondria contents 134 that differ among the different muscle fibers. [START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF] For example, in the oxidative fibers IIX and IIB, there is lower glycogen content responsible of the decrease in the rate of glycolysis, and thus slower rate of pH decline due to a slower accumulation of lactic acid. 125 Further, the glycolytic rate influences post-mortem changes to myofobrillar proteins such as myosin, actin, troponin, and some metabolic proteins, particularly glycolytic enzymes in the sarcoplasm, and these post-mortem protein changes can influence the ultimate meat quality (tenderness, juiciness, flavor or color development/stability). Conversely, oxidative slow twitch fiber types generally have lower glycogen storage (Table 1) and tend towards having a high ultimate pH, which is associated with lower lightness of meat, due to both reduced light scattering 135, 136 and higher oxygen consumption in the surface. Several studies reported correlations between muscle fibers including the muscle type and pH decline. For example an earlier work by Whipple,et al. 137 reported that the muscles that had more oxidative properties had higher pH measured at 3 and 12 h post-mortem. In another study amongst LT and RA muscles of cows, both IIA and IIX fibers were correlated positively and negatively with ultimate pH measured at 24 h post-mortem in LT and RA muscles, respectively. [START_REF] Gagaoua | Associations among Protein Biomarkers and pH and Color Traits in Longissimus thoracis and Rectus abdominis Muscles in Protected Designation of Origin Maine-Anjou Cull Cows[END_REF] It is worthy to note that, muscles that contain more proportions of type II fibers are more susceptible to post-mortem glycolysis than those that had more percentages of the oxidative type I fibers. [START_REF] Listrat | How Muscle Structure and Composition Influence Meat and Flesh Quality[END_REF]138 Likewise, the muscles with greater percentages of type IIX+B fibers and thus lower type I fibers were described to have higher contents at 45 min post-mortem of glycogen and lactate. 139 Muscles with different fiber type percentages (composition) including individual variability among animals of the same herd, have different patterns of post-mortem change during the period the conversion of muscle into meat, and may have further significant impact on the meat quality traits such tenderness and color. [140][141][142] Overall, from the large literature there is on one hand scarcity in studies that investigated in different cattle type the associations that exist between pH and muscle fibers and on another hand, from those that we reviewed it seems that the relationship between pH values and muscle fiber types is more complex than expected. To better understand the driving factors, we suggest in depth characterization using a multi-OMICs and holistic approach by combining for example genomics, proteomics, metabolomics in an integrative modeling manner to be able reveal the main changes that occur under different conditions and factors described above.

Color

Meat color is critical to fresh beef marketability as it influences consumer purchase decisions and attractiveness at the moment of purchase. 143 The cherry-red as an optimum surface of beef color, is what consumers consider as a guarantee of freshness on a meat product. Overall, the redness of meat depends on its myoglobin that is mainly found in oxidative red fibers [START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF] (Table 1). The myoglobin content and the rate of its oxidation were described to be muscle-specific. [START_REF] Choi | Muscle fiber characteristics, myofibrillar protein isoforms, and meat quality[END_REF]144 So, the red color characterizing meat is mostly associated to the percentages of the oxidative fibers in the muscle [START_REF] Hunt | Profile of Fiber Types and Related Properties of Five Bovine Muscles[END_REF] , but factors other than myoglobin chemistry are also responsible of the variation of color. 136 Among them, the role of muscle proteins have been extensively investigated including the pivotal role of fiber types [START_REF] Gagaoua | The study of protein biomarkers to understand the biochemical processes underlying beef color development in young bulls[END_REF]145 , mitochondria and sarcoplasmic proteins 146,147 and myofibrillar structure. [START_REF] Gagaoua | The study of protein biomarkers to understand the biochemical processes underlying beef color development in young bulls[END_REF]148 Post-mortem muscle pH decline further had an impact on the changes in muscle fibers, hence inducing changes in the degree of light penetrating of the structural elements of the meat matrix including muscle fibers, therefore impacting both the development and stability of meat color. 147,149 The correlation of MyHC isoforms with color traits was described in several studies and this may further reflect the role of metabolic enzymes in color development and stability. As extensively developed in the sections above, the red slow-twitch fibers have higher mitochondria density (Table 1) including the enzyme systems that allow oxygen consumption and electron transport chain. [START_REF] Listrat | How Muscle Structure and Composition Influence Meat and Flesh Quality[END_REF]144,150,151 The study by Jeong et al. 152 who investigated the discoloration trends in three muscles that are the Semimemebranosus the Longissimus dorsi and Psoas major from Hanwoo breed found that higher percentages of the oxidative type I muscle fibers are linked to quicker discoloration due to increased oxygen consumption rate, while muscles of increased color stability were mostly comprised of glycolytic white fibers. Type I fibers compete with myoglobin for oxygen, thus making it less available and therefore affecting color determination. Further, earlier studies evidenced that the oxygen consumption rate of muscles is related with the amount of mitochondria available in muscle fibers and may be inversely related to color stability. 145 Accordingly, Tang and colleagues showed that higher amounts of mitochondria increased the oxygen consumption rate, hence the formation of DeMb at the expense of MetMb that decreased. 153 Meat color depends further on the glycolytic activity 147,154 , oxygen consumption and reductive enzyme activity in the post-mortem muscle.

The proportions of muscle fiber types differ across muscles, breeds and genotypes and this may explain the different associations that we observe in the large literature. [START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF][START_REF] Gil | Relationships between biochemical characteristics and meat quality of Longissimus thoracis and Semimembranosus muscles in five porcine lines[END_REF][START_REF] Gagaoua | Reverse Phase Protein array for the quantification and validation of protein biomarkers of beef qualities: The case of meat color from Charolais breed[END_REF][START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF][START_REF] Gagaoua | The study of protein biomarkers to understand the biochemical processes underlying beef color development in young bulls[END_REF][START_REF] Van Bibber-Krueger | Effects of quality grade and intramuscular location on beef semitendinosus muscle fiber characteristics, NADH content, and color stability[END_REF][START_REF] Gagaoua | Associations among Protein Biomarkers and pH and Color Traits in Longissimus thoracis and Rectus abdominis Muscles in Protected Designation of Origin Maine-Anjou Cull Cows[END_REF] In addition to differences in enzymes and associated reducing capacity through enzymatic and non-enzymatic mechanisms and to the mitochondrial oxygen consumption, various muscle fiber types also contain different proportions of pigment other than myoglobin, of glycogen and lipids, which may also influence meat color. 144,145 It is worthy to note that, the oxidation of lipids and myoglobin are closely associated in the meat matrix with an increase in one resulting inevitably by similar increase or trend for the other, hence affecting meat color. 155,156 Oxidation was described in the last decades to be directly associated with the oxidation of myoglobin or to the destruction of its reducing systems by free radicals produced during lipid oxidation and associated reactions. 155 Thus, variations in levels of glycogen and in glycolytic and oxidative enzymes would also be expected to be associated with variations in beef color, but through a different mechanism to myoglobin. 147 Muscles that contain reduced percentages of the type I fibers had greater lightness (L*) values. [START_REF] Gil | Relationships between biochemical characteristics and meat quality of Longissimus thoracis and Semimembranosus muscles in five porcine lines[END_REF][START_REF] Gagaoua | The study of protein biomarkers to understand the biochemical processes underlying beef color development in young bulls[END_REF]157 . These fibers have also more proportions of myosin light chains that are members of the myosin light chain family. 111,158 Other factors related to the rearing practices of the cattle can be also at the origin of the associations between color and muscle fibers as evidenced by Gagaoua and co-workers 31 (Figure 7). In accordance with earlier reports as reviewed by Dunne, et al. 159 , animals with higher physical activity at the farm namely those reared under grass, greater amounts of myoglobin characterize their muscles in response to the high oxidative fibers developed as a consequence of the shift in the muscle fibers described previously. [START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF][START_REF] Jurie | The separate effects of the nature of diet and grazing mobility on metabolic potential of muscles from Charolais steers[END_REF] Further, protein markers can be also affected as their expression is associated to the proportions of the different muscle fibers and respectively correlated with beef color traits. 147 Finally, it worthy to mention that studies from the large literature have further reported that the typing muscle fibers would play a role and consequently influence the muscle susceptibility to the formation of dark-cutting meat known also as dark, firm, and dry meat (For review: Ponnampalam, et al. 160 ). Following the sections above, beef color, especially its stability, can be further affected by the location on the muscle, i.e., intra-muscle effect. This can be exemplified by steaks from ST muscle. Accordingly, Van Bibber-Krueger et al. [START_REF] Van Bibber-Krueger | Effects of quality grade and intramuscular location on beef semitendinosus muscle fiber characteristics, NADH content, and color stability[END_REF] postulated that the distal steaks of ST muscle had smaller muscle fiber CSA, especially smaller type I CSA, and indicating close relationships within mitochondria, hence increasing the increased oxygen consumption and impacting the color and its stability.

Tenderness

In beef cattle production, animal growth and meat quality are the two main factors of paramount economic importance. As extensively presented above, an increase in the amount of muscle mass can be reached by increasing the size of the fibers and/or via the shift (plasticity) of the slow-twitch into fast-twitch fibers 116 , consequently affecting meat quality traits including tenderness. This was for example evidenced in Longissimus muscle by studies dealing with the effects of growth path and potential on beef tenderness from different animal types. 161 Others investigated also, the mechanisms by which the impact of altered growth rates would play a role, namely on the calcium-dependent proteolytic system (calpains) and links with the tenderness of beef steaks. 162 Beef tenderness was extensively investigated due to its importance for both consumer satisfaction and repurchasing decisions. [START_REF] Ouali | Biomarkers of meat tenderness: present knowledge and perspectives in regards to our current understanding of the mechanisms involved[END_REF]163,164 Among the biochemical properties of the muscles such as intramuscular fat, connective tissue components including collagens, muscle fiber properties were the more extensively components that were investigated for their relationships with tenderness and texture traits of beef. [START_REF] Listrat | How Muscle Structure and Composition Influence Meat and Flesh Quality[END_REF][START_REF] Chriki | Meta-analysis of the comparison of the metabolic and contractile characteristics of two bovine muscles: longissimus thoracis and semitendinosus[END_REF][START_REF] Dransfield | Meat quality and composition of three muscles from French cull cows and young bulls[END_REF][START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF][165][166][167] The associations are complex and vary according to numerous factors such as muscle, age at slaughter, sex or gender, breed and animal type, cooking temperature and evaluation method of tenderness. [START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF][START_REF] Choi | Muscle fiber characteristics, myofibrillar protein isoforms, and meat quality[END_REF][START_REF] Gil | Relationships between biochemical characteristics and meat quality of Longissimus thoracis and Semimembranosus muscles in five porcine lines[END_REF][START_REF] Picard | Meta-proteomics for the discovery of protein biomarkers of beef tenderness: An overview of integrated studies[END_REF][START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF][START_REF] Moran | Effect of a grazing period prior to finishing on a high concentrate diet on meat quality from bulls and steers[END_REF][START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF][START_REF] Oury | Interrelationships between meat quality traits, texture measurements and physicochemical characteristics of M. rectus abdominis from Charolais heifers[END_REF][START_REF] Jurie | The separate effects of the nature of diet and grazing mobility on metabolic potential of muscles from Charolais steers[END_REF]165 For example, in a recent study on three your bull breeds (Blond d'Aquitaine, Aberdeen Angus and Limousin), and irrespective of the end-point cooking temperature (55°C usual in France and 74°C usual in British countries) and origin of panelists, beef tenderness was found to be correlated with the fiber types I, IIA and IIX, but with divergent directions. 168 The natural heterogeneity in muscle fiber type among muscles was further described to affect the final outcome of beef tenderness. [START_REF] Picard | Chapter 11 -Proteomic Investigations of Beef Tenderness[END_REF]169 Indeed, muscles that are composed of fast fibers type II (higher percentages) are more susceptible to early post-mortem proteolytic degradation than those composed by slow type I fibers. 170 As described above, IIX fibers that have greater glycogen contents [START_REF] Lefaucheur | A second look into fibre typing--relation to meat quality[END_REF] , which together with their specific enzymatic characteristics influence the rate and extent of pH drop, and consequently the final tenderness. 134 Further, a recent study on Nellore cattle by Chardulo and co-workers 167 who combined different methods to characterize the meat matrix by using physical and chemical analyses as well as molecular biology tests, indicated MYH2 and MYH1 genes expression was lower in heavy compared to light animals and MyHC-I was more abundant in tough versus tender meat. The authors further reported elevated percentages of MyHC-IIa in the tender meat group (negative correlation with Warner-Bratzler shear force) and its use a biomarker of meat quality in Nellore cattle. 167 In young bulls of three continental breed that targeted ribeye steaks (LT muscle), the proportions of IIV fibers quantified by DOT-BLOT were proposed as a robust biomarker of tenderness irrespective of the sensory panel, the evaluation method of tenderness or instrumental based on Warner-Bratzler shear force. [START_REF] Gagaoua | Data from the farmgate-to-meat continuum including omics-based biomarkers to better understand the variability of beef tenderness: An integromics approach[END_REF] Using proteomics and as recently reviewed by Picard and Gagaoua [START_REF] Picard | Meta-proteomics for the discovery of protein biomarkers of beef tenderness: An overview of integrated studies[END_REF] , several entities of the myosin fibers were identified as potential biomarkers of tenderness. Among those studies and proteins we cite MyHC-I 

Conclusion

In summary of this comprehensive review, it seemed that most of the data available in the large literature evidenced the importance of the contractile and metabolic properties of bovine muscle fibers. They further showed that these muscle properties are continuously modified throughout the life of the animals and also on the whole continuum from the farm to meat as a consequence of myriad factors likely the age and the age at slaughter, the sex or gender, breed, rearing practices and production systems. These factors that have different levels of impact on the muscle growth and development and on the fiber properties (i.e., oxidative vs.

glycolytic) play paramount consequences on several beef qualities. Overall, this review shows that it is very important to control muscle growth/development and its plasticity for cattle production in order to manage efficiently the desired carcass characteristics as well as the final beef qualities including pH decline, color and tenderness. To do so, genetic selection, farming system practices and characteristics of the animals before slaughter have to be considered to achieve the suitable goals. 

  we used are phosphofructokinase (PFK; 2.7.1.11) that catalyzes the rate-limiting step for glycolysis and lactate dehydrogenase (LDH; EC 1.1.1.27) that catalyzes the redox-coupled interconversion of pyruvate and lactate in the cytosol. From the oxidative metabolism pathways, more enzymes can be tested due to the different pathways[START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF] that are involved such as the hydrolysis of circulating triglycerides, the lipoprotein lipase, the enzymes involved in the β-oxidation of fatty acids known as also as Lynen cycle (a very complex pathway requiring the activation of acyl-CoA synthetase to form fatty acyl-CoA), the enzymes of Krebs cycle (Tricarboxylic Acid (TCA) cycle) related to acetyl-CoA synthesis from fatty acids or glucose such as isocitrate dehydrogenase (ICDH; EC 1.1.1.42), an enzyme that catalyzes the oxidative decarboxylation of isocitrate and producing α-ketoglutarate and CO 2 , and also citrate synthase (CS; EC 4.1.3.7) which is the enzyme catalyzing the first reaction of the TCA cycle known described in the large literature as a condensing enzyme. Further enzymes from the respiratory chain and involved in the energy production can be tested such as cytochrome c oxidase (COX; EC 1.9.3.1)[START_REF] Gagaoua | Sensory quality of meat from eight different types of cattle in relation with their biochemical characteristics[END_REF] that is the membrane-bound terminal enzyme in the electron transfer chain..

  candidate biomarkers of muscle hypertrophy, among them the Myosin-binding protein H (MYBPH) that is a protein of approximately 55 kDa and encoded by a single gene (MyBPH) expressed in both cardiac and fast skeletal muscle cells. 112 Moreover, the study showed a modification of alternative splicing of the fast skeletal muscle fTNNT (Troponin T). 111 The expression of fTNNT exon 16 structure was increased in double muscled Belgian Blue muscle whereas fTNNT exon 17 was unchanged. These results suggest an important role of the exon 16 of the fTnT in the physiological adaptation of fast muscle characteristic (Figure 6). Using a transcriptomic approach, another study compared the transcriptome of fetuses from two French beef breeds: Blond d'Aquitaine breed with muscle hypertrophy in adult and muscle properties similar to those of double muscled cattle 113 and Charolais breed used as a control. The results showed in Blond d'Aquitaine a transition to a fast glycolytic muscle phenotype detectable beyond 210 dpc through down regulation of various slow twitch subunit proteins such as TNNC1, MYH7 (Myosin-7: slow MyHC-I), TPM3 (Tropomyosin alpha-3 chain) and cysteine and glycine-rich protein 3 (CSRP3) known as cardiac LIM protein (CLP) or muscle LIM protein (MLP).

Figure captions Figure 1 .

 captions1 Figure captions

Figure 2 .

 2 Figure 2. The classification of muscle fibers using a combination of different anti-MyHC antibodies according to Picard et al. 29 and Meunier et al. 36 . (a) Antibody 5B9 from Agrobio (France) specific of MyHC I, labels slow type I fibers. (b) Antibody 15F4 from Agrobio (France) specific of fast MyHC (IIa, IIx, IIb), labels all fast fibers (in white), slow fibers are in black. (c) Antibody 8H2 from Agrobio (France) recognizes both IIx and I MyHC. (d) The comparison of the 3 serial sections (a, b, c) using VISILOG software, allows to classify I, IIA, IIX pure fibers and fibers containing several MyHC isoforms, for example IIa/IIx, or slow/fast corresponding to IIC fibers described in the literature, not illustrated on the sections.

Figure 3 .

 3 Figure 3. The separation of myosin heavy chain (MyHC) isoforms by electrophoresis.

( a )

 a Separation of MyHC isoforms I, IIa, IIx, IIb of Longissimus thoracis (LT) muscle of 6 Blond d'Aquitaine young bulls 15 months-old, with (1, 2 3 and 4 wells) or without (5 and 6 wells) MyHC IIb, according to their molecular weights by the technique of Picard et al. 39 . The Diaphragma (Di) muscle containing only I and IIa MyHC is used as a control. (b -c) Electrophoresis applied for the separation of MyHC of Semitendinosus (ST) muscle from Charolais fetuses of 60, 110, 180, 210 and 260 days post conception. Controls: adult Cutaneus trunci (CT) containing IIa and IIx MyHCs; adult ST containing I, IIa, IIx MyHC isoforms; adult Diaphragma (Di) containing I and IIa MyHCs (b) Technique of Talmadge and Roy 61 allows the separation of developmental isoforms and not of fast adult MyHC isoforms.(c) Technique of Picard et al.[START_REF] Picard | Protocol for high-resolution electrophoresis separation of myosin heavy chain isoforms in bovine skeletal muscle[END_REF] allows the separation of adult MyHC isoforms but not of the developmental ones.

Figure 4 .

 4 Figure 4. Labeling of muscle fibers from Semitendinosus muscle of Charolais fetuses at different stages of fetal life (same samples shown in Figure3b-c) with an antibody specific to slow MyHC, and fetal MyHC according to Picard et al.[START_REF] Picard | Protocol for high-resolution electrophoresis separation of myosin heavy chain isoforms in bovine skeletal muscle[END_REF] .

Figure 5 .

 5 Figure 5. Evolution of muscle fibers and their cross sectional areas as a function of the age of the animal.

( a )

 a Post-natal evolution of the cross sectional area of fibers of Semitendinosus muscle from Blond d'Aquitaine young bulls. In red fiber sections stained with azorubine colorant. (b) Modeling of the evolution with age of the proportions of the different type of fibers and their cross sectional areas 69 .

Figure 6 .

 6 Figure 6. Illustration of troponin T fast isoforms (fTnT) differentially expressed or not, between double muscled (DM) homozygote (DM), heterozygote (HDM), non-double muscled cattle (NDM) and between cattle selected (H) or not (L) on muscle growth potential 111 . * indicates exon 16, and spots without * come from exon 17.

Figure 7 . 1 "

 71 Figure 7. Myosin heavy chains and proteomic biomarkers discriminate between rearing practices (adapted from Gagaoua et al. 31 ) and meat color traits from PDO Maine-Anjou cows. The animals were clustered into three classes based on rearing practices 31 : Class 1 "C1= Hay", Class 1 "C2= Grass" and Class 3 "C3= Haylage". Among the biomarkers, myosin fibers IIA and IIX were able to separate the classes, especially C2 from C1 and C3. Accordingly, and due to high physical activity, the animals of "Grass" class have higher proportions of oxidative (IIA) at the expense of IIX fibers, a consequence of muscle plasticity. Furthermore, other beef tenderness protein biomarkers such as Superoxide dismutase (SOD1) and α-B-crystallin (CRYAB) were good discriminators of the rearinrn practices classes and beef color evaluated (a*: redness, b*: yellowness and C*: chroma). The grass class had lower amounts of MyHC-IIX whatever the technique used for their quantification, i.e., a) by SDS-PAGE or b) by DOT-BLOT techniques.
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  [START_REF] Lefaucheur | A second look into fibre typing--relation to meat quality[END_REF][START_REF] Picard | Consequences of selection for higher growth rate on muscle fibre development in cattle[END_REF][START_REF] Gagaoua | Identification of Biomarkers Associated with the Rearing Practices, Carcass Characteristics, and Beef Quality: An Integrative Approach[END_REF][START_REF] Joo | Control of fresh meat quality through manipulation of muscle fiber characteristics[END_REF] 

  described the composition in fibers of 38 muscles of the beef round and chuck. Thanks to the great developments in the histochemistry techniques by using SDH and ATPase, several authors evaluated efficiently the percentages and cross sectional areas (CSA) of α-red, β-red, and α-white muscle fibers. The chuck muscles were mostly categorized as red (10 of 26) and contain >40% β-red fibers, intermediate (9 of 26), and white (7 of 26), this later with more than 40% α-white fibers. Among 12 round muscles, 9 including Biceps femoris, Semitendinosus, Adductor, Rectus femoris, and Semimembranosus, were ranked as white. The three other muscles that are Vastus lateralis, V. medialis, and Sartorious were identified and grouped as intermediate. In line to the above, a very recent study by our grouped using the

adequate SDS-PAGE

[START_REF] Picard | Protocol for high-resolution electrophoresis separation of myosin heavy chain isoforms in bovine skeletal muscle[END_REF] 

cited above and comparing four divergent muscles that are Rectus abdominis (RA), Semimembranosus (SM), Longissimus thoracis (LT), and Semitendinosus

Table 1 .

 1 Main physiological and biochemical characteristics of muscle fiber types (adapted from[START_REF] Lefaucheur | A second look into fibre typing--relation to meat quality[END_REF][START_REF] Astruc | Muscle fibre type and beef quality. In Ensuring safety and quality in the production of beef[END_REF] ).

	Characteristics	I	IIA	IIX	IIB
	Gene names	MYH7	MYH2	MYH1	MYH4
	Full protein name	Myosin-7	Myosin-2	Myosin-1	Myosin-4
	Uniprot ID	Q9BE39	Q9BE41	Q9BE40	E1BP87
	Contraction speed	+	+++	++++	+++++
	ATPase activity	+	+++	++++	+++++
	SDH activity	+++++	++++	++	+
	Contraction threshold	+	+++	++++	+++++
	Contraction time per day	+++++	++++	+++	+
	Fatigue resistance	+++++	++++	++	+
	Oxidative metabolism	+++++	++++	++	+
	Glycolytic metabolism	+	++++	++++	+++++
	Phosphocreatine	+	+++++	+++++	+++++
	Glycogen	+	+++	+++	++++
	Triglycerides	+++++	+++	+	+
	Phospholipids	+++++	++++	+++	+
	Vascularization	+++++	+++	+, ++	+
	Myoglobin	+++++	++++	++	+
	Mitochondria	++++	+++	++	+
	Buffering capacity	+	++++	+++++	+++++
	Z line width	+++++	+++	+++	+
	Cross sectional area	+	++	++++	+++++
	Red color	+++++	+++	++	+

+, very low; ++, low; +++, medium; ++++, high; +++++, very high.
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