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11.2. MEAT 
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Definitions 
 

From food legislation aspect: parts of warm-blooded animals that are 
suitable for human consumption, both in fresh or processed form.  
 

In informal language: skeletal muscle tissue containing 
more-or-less adhering fat.  
 

The average composition of muscle tissue (without adhering fat). 
 

- Moisture: 76%  
- Protein: 21.5%  
- Lipids: 1.5%  
- Minerals: 1%  
- Carbohydrates: 0.05–0.2% 
The highest deviations were detected mostly is the case of fat content. 



3 

In the point of view of nutrition: 
- Meat is a very valuable source of protein, fat, vitamin and minerals.  
- The carbohydrate content is low. 
- The organic acids have a role in the development of the characteristic 
aroma of meat. 
 
Factors effecting the base chemical composition of meat: 
- Genetic (species, breed) 
- Feeding management  
- Age, sex 
- Part of the carcass 
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The structure of muscle fibre 
Membrane (sarcolemma).  
The individual myofibrils (contractile units) are imbedded in the sarcoplasm 
(connective tissue) together with nuclei, mitochondria and sarcoplasmatic 
reticulum.  
Sarcomere: a single contractive unit of a myofibril.  
 
The structure of sceletal muscle 
- Each muscle fibre is separated by connective tissue (endomysium) 
- Some primary muscle fibres are surrounded by perimysium. 
- Lots of primary bundles are wrapped by epimysium. 
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The structural element of skeletal muscle (Gault, 1992).  

1 epimysium 
 

2 perimysium 
 

3 endomysium 
 

4 muscle fiber 
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Meat colour 
Differences can be attributed to the alterations in  
- Myoglobin content 
- The ratio of connective tissue. 
 
White muscle (poultry, fish): rich in myofibrils and poor in sarcoplasm. 
Red muscle: high ratio of sarcoplasm to myofibrils.  
 
Proteins in the muscle tissue  
1. Proteins of the contractile apparatus (actomyosin, tropomyosin, 
troponin) – extractable with concentrated salt solutions 
2. Water soluble proteins (myoglobin and enzymes 
3. Insoluble proteins (in connective tissue and membrane) 



7 

1. Myofibrillar proteins 
 
Myosin (50–60% of the total protein). 
Two very long, identical peptide chains (long, α-helical rod).  
ATPase is situated in the heads. 
 
Actin (15–30% of the total protein). 
Globular shape, binds to myosin. → ATP, Mg2+ polymerizes into its fibrous 
form (F-actin) 
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Tropomyosin 
Highly elongated molecule.  
Monomers → polymeric fibrils → they are bound to F-actin on the thin 
filament. 
 
Troponin  
Situated on the actin filaments. 
Controls the contact between the filaments of myosin 
and actin during muscle contraction (through binding of Ca2+ to the 
troponin complex). 
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Titin  
 

The “backbone” of the sarcomere: 
- Connects the myosin filaments with the Z line. 
(Z-line separate the individual sarcomeres in the muscle fibril.)  
- Forms an “elastic” region with actin.  
It is the larges molecular weight protein (26926 amino acid residues). 

Z-line 

Sarcomere 
thin filament (actin, tropomyosin, troponin) 

thick filament (myosin) 

relaxed 

contracted 
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Muscle contraction 
 
Nerve impulse → Ca2+ from the 
sarcoplasmic reticulum. 
 
Conformational change in troponin 
complex → tropomyosin fibrils are 
displaced along the F-actin filament  
→ actin units are exposed for 
interaction with myosin heads. 
 
 

Molecular processes involved in muscle 
contraction  

(Karlsson, 1977) 
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Molecular processes involved in muscle 
contraction  

(Karlsson, 1977) 

Muscle contraction 
 
The myosin heads bind to the actin 
monomers (ATP →ADP + Pi) (a).  
 

Then undergo conformational change 
→ forces the filament to move relative 
to the thick filament (b). 
 

The myosine heads release ADP and Pi  
→ become detached from the thin 
filaments (c). 
 

The heads of myosin molecules are 
ready to take up ATP. 
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2. Water soluble proteins 
 
Enzymes (e. g. glyceraldehyde-3-phosphate dehydrogenase)  
~20% of the total soluble protein. 
High concentration of solubilized proteins. → The viscosity of the 
sarcoplasm is high. 
 
Myoglobin ~1% of the dry matter of muscle tissue. 
Purple-red oxygen supplying pigment. 
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High partial pressure of oxygen → oxymyoglobin (bright cherry red: fresh 
meat cuts). 

Myoglobin (Fe2+) Oxymyoglobin (Fe2+) 

Metmyoglobin 
(Fe3+) 

+ O2 

– O2 

The effect of the stage of myoglobin on the colour of the meat: 
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Low partial pressure → slow oxidation → metmyoglobin (brown) 
Fe2+ → Fe3+ 

red → brown  
(Metmyoglobin reductase in the living tissue converts it back to myoglobin.)  
 
The ratios of myoglobin, oxymyoglobin and metmyoglobin  determine the 
colour of fresh meat. 
Packaging of meat: O2 permeable materials are not suitable. 
 
Meat curing (reddening): addition of nitrate or nitrite to the meat. 
- Colour stabilization. 
- Prevention of microbiological spoilage.  
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nitrite myoglobin metmyoglobin + NO 

bright-red, highly stable complexes 

In the presence of reducing agents (ascorbate, thiols):  

The formation of the red colour is 
accelerated. nitrite NO 

nitrosometmyoglobin (Fe3+) NO 
red. 

nitrosomioglobin (Fe2+) NO 
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Denatured nitrosomyoglobin: the colour of cured meat. 
 
- Heat stable.  

- Very highly stable in the absence of O2. 
- In the presence of O2 → nitrosomyoglobin is dissociated and NO is 
released and oxidized to NO2. 

 
When noncured meat is heated: the colour changes to brown (Fe3+). 
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3. Insoluble proteins 
 

Mostly the connective tissue proteins belongs to this fraction. 
 

Collagen  
 

~20–25% of the total protein (mammals). Triple-stranded helix with high 
content of Gly and Pro. 
- Post mortem lactic acid is formed from glucose → collagen is 
denaturated. Lysosomal eznzymes cleave it (e. g. lysosoaml collagenase 
and cathepsin B1). 
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- Thermally denaturated collagen – pepsin and trypsin hydrolize it. 
- The intact collagen fibre shrinks when heated (roasting, cooking). 
 Shrinkage temperature: 
 - fish collagen, 45 °C  
 - mammals, 60–65 °C.  
Heating above shrinkage temperature → random coils (gelatin) → soluble 
in water. 
Cooling → a transition into organized structures occurs → gelatin gels. 
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1. Cooking and roasting of meat: transition of collagen to gelatin. 
The extent of gelatinization depends on:  
- The age of the animal (the degree of collagen cross-linking). 
- the applied conditions (temperature, time, pressure). 
 

2. Food gelatin – gelling agent.  
Source: animal bones or skin  
Production:  
- treatment with alkali or acid,  
- extraction with water. 
 
Elastin 
 

- Present in lower amounts in connective tissue. 
- Forms elastic fibres (rubber-like properties). 
- Decomposed  by elastase (excreted by the pancreas).  
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Biogenic amines  
 

Formed on the decarboxylation of amino acids (mostly by the enzymes of 
microbes) → indicators of microbial quality. 
In beef and pork: histamine, tyramine, putrescine and cadaverine. 
 
Biogenic Amine Index (BAI) = concentration of the four amines (mg/kg). 
BAI  < 5    clean meat 
        5–20  acceptable (early stages of microbial infestation), 
       20–50 inferior quality 
        > 50  spoiled meat. 
In fermented meat products: naturally higher. Salami: 500 mg/kg limit. 
 

Creatine and creatinine  
Typical constituents of muscle tissue (creatine phosphate: energy reservoir. 
Its presence indicates the inclusion the meat extract in a food product.  
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Post mortem changes 
 

Slaughtering → anaerobic conditions → the energy-rich phosphates are 
decomposed (ATP, creatine phosphates).  
Diffusion of Ca2+ → it binds with troponin complex → actin units are 
exposed for interaction with the myosin heads. 
In the absence of ATP the heads are unable to take up ATP and complete the 
cycle → the muscle tissue becomes stiff and rigid: rigor mortis. 
 
Maturation (aging) of meat 
 

Aims: improving tenderness, aroma formation. 
Improvement of water holding capacity (smaller fluid loss during heat 
treatment.) 
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Applied conditions: −1 °C to +7 °C. 
Poultry: 36 h, pork: 60 h, veal: 7 days, beef: 14 days.  
 

Other factors: 
- Age of the animal (degree of cross linkage of collagen). 
- Activity of the released enzymes. 
 
Morphological changes during aging: 
- Z lines are broken. 
- Titin is degraded. 
Myosin and actin remains intact below 25 °C.  
The connective tissue situated outside the muscle cells also remains 
unchanged. 
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Enzymic myofibrillar proteins degradation: 
- Action of endopeptidases. 
- Ca2+ is liberated during the rigor phase → calpain is activated.  
- Cathepsins and calpain synergistically cooperate in the aging of meat.  
 
The meat aging processes are not fully elucidated. 
Suitable markers are being searched for the prediction of the development 
of tenderness. 
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Low pH value 
High temperature Denaturation of soluble protein  

- Light scattering of precipitated proteins → the meat appears paler 
although the myoglobin content is unchanged.  
 

- Disintegration of the cell membranes → extensive loss of water (drip loss 
<15% in 3 days v. s. 4% in normal meat) – low water holding capacity. 

Defects in meat (pork) 
1. Pale, soft, exudative meat (PSE meat)  
 

Stress impaired hog → prior to/during slaughtering ATP decomposes very 
rapidly in the muscle → the rate of glycolysis is accelerated.  
→ Rapid pH decrease.  
→ The body temperature increases to 40–41 °C (instead of decrease). 
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2. Dark and firm and dry meat (DFD meat) 
 

Stress → glycogen is largely used up → the amount of the lactic acid 
formed after slaughtering is low → the pH hardly falls. 
 

- The higher pH the more water is bound by myofibrils → dry texture. 
- The oxymyoglobin is more stabile at higher pH values → dark colour.  
 

High pH value → susceptible to microbial infection → cannot be used as 
raw meat products. 
 
Prevention of these defects: 
- Careful handling of stress-sensitive animals 
- Rapid cooling of carcasses. 
 

Beef muscle – PSE effect is not significant: fat oxidation provide enough 
energy in tissues – glycogen breakdown can occur slowly. 
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