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Total food quality model (Grunert et al., 2004)

What is food quality?
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What is meat quality?

Simple meat quality model (Glitsch, 2000)

Significant differences in the
helpfuless of „quality in the shop“
characteristics in different
countries (Glitsch, 2000)
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Significant differences in the
helpfuless of „eating quality“
characteristics in different
countries (Glitsch, 2000)

Significant differences in the
helpfuless of „safety“
characteristics in different
countries (Glitsch, 2000)
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Significant differences in concerns
about meat in different countries
(Glitsch, 2000)

Meat quality is a result of interaction among

Breeders, biological, pysiological basis
Meat industry
Cunsumer‘s expectations, wishes
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Meat colour
• Meat colour is one of the most important traits used for meat
quality assessment by the consumer.
• Optimal meat colour differ among different animal species and
categories.
• Stability of meat colour is also important as well. On this basis
meat freshness is assessed. In America, it is estimated that
about 15% of beef is sold at reduced prices due to
discoloration, in particular the appearance of brown colour,
which causes economic damage of $ 1 billion.

The meat colour depends on
• the amount of myoglobin in the muscle (myoglobin contributes
96% to the colour, the hemoglobin remaining 4%)
• the chemical state in which myoglobin is located
• muscle microstructures
• denaturation of muscle proteins (temperature, pH)
• the amount of intramuscular fat
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Determination of meat colour
• Subjective colour evaluation

Determination of meat colour
• Objective – Measurements
CIE L a b

LCh
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Myoglobin

Myoglobin is a muscular hemoprotein with a molecular weight of 18 kD.
It transmits and stores oxygen in the muscles.
It consists of a 153 amino acid residues polypeptide chain consisting of eight alpha
helix and one heme molecule.

Myoglobin concentration in different species / categories of
animals and muscles
species / categories

Myoglobin
concentration

Chicken-thigh muscles

0,1-0,6 mg/g

Young calf

2 mg/g

Older calf

4 mg/g

Young fattened bull

8 mg/g

Old cattel

18 mg/g

Lamb

6 mg/g

Pig

2 mg/g

Muscles involved in movement
Extensor carpi radialis

12 mg/g

Muscles involved in stature
Longissimus dorsi

6 mg/g
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Chemical forms of myoglobin

Meat color stability
• Meat colour stability depends on the rate of myoglobin oxidation and the
formation of metmyoglobin. Consumers start rejecting meat when it only has
about 20% of myoglobin in the form of metmyglobin. The concentration of
antioxidants in the muscle plays a key role in its development. Higher antioxidant
content results in longer meat colour stability. This is especially important for
those types of meat that is aged for longer time (cattle> sheep, goats> pigs>
poultry).
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Carboxymyoglobin
• As soon as the carbon monoxide binds to myoglobin, carboxymyoglobin.
It has a bright red color.
• They use this feature when packing meat in a controlled atmosphere.

Meat texture
• Meat texture is a measure of the fineness of a cut surface,
which is influenced by the size of the muscle fibers and/or
muscle‐fiber bundles visible on a transversely cut surface
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Meat tenderness
Tenderness is the most important
sensory characteristics of meat. The
Tenderness has from all three sensory
properties (tenderness , juiciness and
flavor) the greatest effect on the
satisfaction of consumers when
consuming meat. It is also the most
variable. There are great differences
between individual animals, as well as
between individual muscles within
one animal, and even between the
locations within one muscle.

Meat tenderness
Subjective assessment
A common feeling of softness of meat can be divided into three parts:
• The initial necessary force to penetrate the teeth into the meat
• The necessary force to break down the meat into individual pieces
• The amount of residues left after chewing
Expert evaluations (standard preparation conditions),
Consumer estimation (it can be prepared under standard conditions, they
can prepare themselves at home)
Objective measurement
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Objective methods
Objective methods are just an approximation to a subjective
assessment of softness. We can measure:
Shear force needed to cut a piece of meat (most commonly, for
example, Warner‐Bratzler shear force)
The force needs to penetrate into the meat
Force "biting"
Force of compression
Strength of stretching
……..

Meat juiciness
Juiciness consists of two parts:
• The initial feeling of juiciness during the first chewing is caused
by rapid release of the fluid from the meat (amount of water).
• A subsequent, long‐lasting feeling of juiciness is due to the
effect of fat on the release of saliva (the amount of fat)
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Meat aroma, flavor
Aroma is a complex characteristic consisting of:
odor
taste
textures
temperature
pH
Among the above mentioned, the most important is odor, which
is together with taste very difficult to objectively define.

Meat aroma
• Raw meat is free or has a very tender aroma.
• Aroma develops during the time of thermal treatment. A large
number of different chemical compounds:
proteins, amino acids, carbohydrates, sugars, fatty acids,
phospholipids, ………
• The main two reactions affecting the flavor are, mailard reaction
and degradation of fats
• Over 1000 different compounds were identified for grilled beef.
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Meat aroma
• The Mailard reaction is the reaction between amino acids and
sugars during the thermal treatment. It is responsible for typical
meat flavor. Ribose and cysteine are in modeling systems
responsible for meat aroma
• Degradation of fat leads to the formation of a fatty aroma, which
is responsible for the differences in the aroma between the
different types of meat.
• In the development of the flavor, polyunsaturated fatty acids and
phospholipids are particularly important.
• In sheep and goats, branched fatty acids have strong influence
on the aroma of meat, and are largely undesirable for most
consumers.
• Interaction between products of mailard reaction and fat

Water holding capacity, drip‐loss, purge
The ability of meat to retain water is defined as the ability of the meat to maintain, retain the liquid.
Purge is a loss of fluid rich in protein, while no mechanical force has been exposed to the meat,
except for gravity. The purge is measured as a fraction of the discharged liquid from the meat at
the time of storage. It is one of the most important characteristic determining the quality of meat
• Loss of meat weight
• Loss of proteins (water‐soluble sarcoplasmic proteins, myoglobin reddish red, up to 100 mg/1 ml)
• Purge in pre‐packaged meat gives an unattractive appearance
• It affects the sensory properties of the meat
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Muscle structure and WHC

• Myofibrils account for 80% of the volume of muscle cells
• 85% of water is bound to myofibrils, located in the intramyofibrillar space
• In the post‐mortem period, when the pH decreases and the rigor mortis occurs, the
distance between the thick and thin filaments decreases, which leads to the
extrusion of water from the intramyofibrillar space into the sarcoplasma. During this
time, the sarcomere can also shrunk, which furthe contributes to the above process.
Studies have shown that there is less water in dark A than in light I band. At the time
of shrinkage, the length of the I band decreases.
• Reducing the pH value means, that it is approaching the isoelectric point of the
muscle protein. The isoelectric point of the protein means that the number of
negative and positive charges is the same. At this point the ability of protein to hold
water is the smallest.

The effect of pH value on WHC of meat

• The isoelectric point of muscle
protein is between 5.0 and 5.1.
At this pH, the ability of protein
to bind water is the smallest .
• Actin and myozin fibers are
approaching, so there is less
and less space for water, which
is thus squeezed into the
sarcoplasm, and from there
into the intracellular space.
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The net charge of protein under, at and above the isoelectric point of the pH, is the value of the meat. Muscle proteins
below pH 5.1 (A) are more positive, while they are more negatively charged over pH 5.4 (C). Thus, for A and C, the higher
the ability of protein to bind water is higher than for meat that has a pH of 5.1 (B).

The effect of the charge on the space between the protein filaments. Among the filaments in Fig. B, there is
more space among myofibrills due to a larger negative charge of proteins that in Figure A, where there is no
net reflection between the proteins and therefore a lower water binding capacity.

The amount of secreted water affects the meat microstructure
• Open meat microstructure
a large amount of secreted water in the intercellular space

• Semi‐open meat microstructure
a medium amount of secreted water in the intercellular space

• Closed meat microstructure
a small amount of secreted water in the intercellular space
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Measuring WHC
The methods are divided into three groups :
• Methods in which the only force that acts on water extraction is gravity
(a certain piece of meat is exposed to gravity and the water extracted is measured)

• Methods using a force acting on water extraction is greater than gravity
(centrifugation, compression method on filter paper, the time needed for a piece of filter paper
on the surface of the muscle to bind, etc.)

• Indirect methods
(solubility of proteins, light scattering, electrical conductivity, ..) ..)

Recovery of ATP under anaerobic conditions
•ADP + Creatine phosphate  ATP + creatine
•glucose
•glycogen
glycogen    lactate
The degradation of glycogen to lactate is
the enzymatic process in which
a whole range of enzymes is involved.
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Anaerobic and aerobic glycolysis
2 mols of ATP or 36 mols of ATP per mol glucose

17

14. 05. 2018

Changes in the concentration of glycogen, lactate and pH after slaughter
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The appearance of rigor mortis

Elasticity of muscle

Numbness of muscle

ATP concentration

Muscle in rigor

Actin and myosin are
associated with decreasing ATP
concentration. This happens
gradually in different muscle
cells. The muscle loses its
gradual elasticity and becomes
numb and turns into rigor. In
normal meat, this occurs at a
pH of between 5.7 and 5.8.

Relaxed muscle
Time post mortem
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Changed course of post‐mortem glycolysis
• To fast glycolysis
(to fast pH fall)

• Insufficient glycolysis
(too low a pH fall)

• Excessive glycolysis
(excessive decrease of pH)

Meat quality abbreviation
due to course of post‐mortem glycolysis

DFD meat

PSE meat
RSE meat
RN gen
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Meat quality abbreviation
due to muscle contraction

MEAT AGING
It is a complex process of various biochemical processes that
affect the microstructure of meat and its characteristics. The
most important part is the break down of muscle proteins under
the influence of endogenous enzymes. Among them, structural
proteins are the most important, causing the breakdown of the
structure of myofibrillar proteins. Consequently, the tenderness
of the meat is greatly changed. In addition to tenderness, other
sensory characteristics of meat are also changed during this
time. This degradation involves:
alkaline protease ‐optimal pH in alkaline range
neutral protease activated by Ca or calpains ‐optimal pH of the
action in the neutral range
cathepsin ‐optimal pH of the acidic range
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Calpains degradate structural proteins
‐ titin (the largest protein and has the third largest percentage in the muscle,
extends over half of the sarcomere from the M line to the disc and connects the
thick Myosin filaments to the Z disk, thus maintaining the basic structure of the
sarcomere)

‐ nebulin (it extends from the Z disk to the end of thin actin filaments and helps in
the anchoring of thin filaments in the Z disk)

‐ troponin‐T (forms part of the protein complex troponin (I, C, T) and participates
in the connection between thin and thick filaments of the actin‐myosin complex)

‐ dezmin (participates in the link between individual myofibrils at the height of the
Z disk and the links between myofibrils and other cellular elements including
sarcolemma)

‐ filamin (located on the periphery of the Z disk and is involved in the connection
of actin with other cellular elements and sarcolemma)

Titin

Nebulin

Dezmin

Filamin
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Postmortem changes in muscle cell structure during aging

At slaughter

After 14 days of aging
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Types of aging
• Dry‐aging
• Wet‐, vacuum‐aging

Aging condition
At wet, vacuum aging only T is important, whereas at
dry aging humidity and air velocity are very important.
In dry aging, T is usually slightly lower.
• Temperature – usually between 0 °C and 4 °C
• Humidity – 80 % (between 75 and 87%)
• Air velocity ‐ 0,5‐2,0 m/s
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The effect of the type of aging on sensorial meat characteristics
Tenderness‐ no change
Juiciness‐ no change
Aroma, Flavour ‐ changed

The effect of the type and
duration of aging on retail yield in
three different beef cuts
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The effect of type and duration of aging on the quality of pig meat
(Juarez in sod. 2011)

Type of aginga

Duration of aging, days

Dry

Wet, vacuum

2

7

14

Water loss during
aging, mg/g

96,12a

24,66b

22,45a

60,79b

98,00c

Water loss 48 h after
aging, mg/g

23,36a

39,51b

43,73a

31,13b

19,44c

Shear force, kg

5,54

5,52

6,13a

5,40b

5,07c

Cooking loss, %

21,99a

24,50b

25,02a

23,28b

21,43c

Tendernes, 1‐9

6,44

6,44

6,09a

6,50b

6,68c

Juiciness, 1‐9

4,63

4,56

4,39a

4,58b

4,81c

Aroma, 1‐9

4,66

4,74

4,62a

4,79b

4,69ab

The effect of cooking T on meat tenderness
• Cooking increases
numbness, stiffness ov
myofibrillar structure
• The hardness is
increased due to the
‐denaturation of the
protein
‐the loss of water
TEMPERATURE‐DEPENDENT COOKING TOUGHNESS IN BEEF
By: DAVEY, CL; GILBERT, KV
JOURNAL OF THE SCIENCE OF FOOD AND AGRICULTURE Volume: 25 Issue:
8 Pages: 931‐938 Published: 1974
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Changes in cooking loss at different cooking T of normal and contracted
muscles (average of 3 animals, Leptit et.al. 2010)

Lowering T from 72 na 60 °C means in
average for 18 % lower shear force!
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46 C

49 C

52 C

57 C

65 C

71 C
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