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i & meat, a challenge for the ninety's is to know how research can assume survival in a consumer driven industry. It is claimed
Cre

It

[

‘ deraﬁ()ns . 2 ' . . ] £ . . 3 .

by, In relation with the sensorical properties of meat, second safety according to the growing awareness of the relationship
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are . : : L 2 . : . : .
Cat least three factors influencing the perception consumers have of meat out of any ethical considerations. They are : first quality

Ntri; : . ey o o - S
Uition and health and last but not the least the value for money which highligts the critical importance in a very concurrential food
0

T o . » . s sl 5 . % 5 g

ey Producy of constant and certified quality. Quality variability is without any doubt one of the major problem red meat industry has to
teg )
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s, hich requires as a top priority that control of the post mortem changes be achieved, i.e. the early post mortem period and the
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The OST MORTEM CHANGES
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Y OWledge in this field is due to the works of the British researchers and especially BENDALL , (BENDALL, 1973). During the

Portant changes in the immediate post mortem period are the onset of rigor mortis and the related pH changes. The best part of
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Ty in "V litle advances have been made in this area at least from a basic point of view. However the matter is far from being exhausted.
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»1f the metabolism of glycogen and energy-rich compounds is rather well understood, it is not the case for many structural
ic . : . . 9 . ;
h are of primary importance for technological and eating qualities, such as water holding capacity, colour, tenderness and
iy Extreme case of PSE meat, which has been so much studied during for the last thirty years gives a good example of that.
Lr

h%flb' Zeuthen showed as soon as 1971 that PSE meat is tougher than normal meat. An attractive hypothesis could be that the
“”ar St
(0

g TUCture is much contracted, because rigor mortis sets up at high temperature in PSE muscle. In fact, the sarcomere length is
§

tly p; )
y hlgher in PSE meat than in normal pork (HONIKEL, 1977). Now, it seems that the toughness of PSE meat is due to the fact
§

Stru
<mwle sl changes associated with meat ageing, do not occur in PSE muscle (ESTRADE et al., 1991). But why ?, to our
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o €1y few is known about the long-term effects of early post mortem pH changes on meat ageing.
i Morge A " = e : >l
J’\‘&(h M pH changes and rigor onset closely depend on intrinsic and extrinsic conditions affecting the muscle tissue at the time of
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higy € conditions are defined by metabolic capacities (fiber typing), biochemical status (energetic potential, oxygen debt),

Cmijc, s - o5eh e - X e / s . ’
“‘nngn €al conditions (temperature, pH). Extrinsic conditions involve : nervous stimuli (from central or peripheral origin), circulating
e,

1 »Metaha: o ey A o " 1 y :
Do abolic capacities of other organs. Both intrinsic and extrinsic conditions are chiefly determined by genetic and environmental
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L ter are essentially the slaughter conditions, the rearing conditions playing a major role only in rather old animals such as beef
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‘ﬂh'ng ; €Xamples in the pig species, because meat quality genetics is better known in pigs than in the other red meat species. As
Congs,-

tione $ . p * o 3 R . oo

oy ol On$ are more and more standardized in pig production even in free range pigs, the variation in muscle composition and
1Sm »
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iy A 4 given slaughter pig population is mainly from genetic origin, at least in the small age range where most animals are killed.

I

: Ahimals, the major part of this variation is determined by polygenes and the polygenic regulation of meat quality traits will not

%
ntrol
{h%l . until the genome mapping of meat animals will not be established. However, a large part of the variability in some
Ca] )
] iy Qualities i explained by two major genes, i.e. the halothane sensitivity (HAL") gene and the RN~ gene (normal alleles are
¢

ly H
il and rnt). Indeed, these two genes explain the largest part of the individual variation within some pig breeds, and of the
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breed variation in some European pig populations (SELLIER, 1988).
11. HAL" gene

10 | o
upeﬂ‘ &
The HAL™ gene is presently well-known to be responsible for porcine stress syndrome (PSS), PSE meat proneness and i

el

muscular development (EIKELENBOOM & MINKEMA 1974). It was believed for around 15 years that it would be Posslb]
Lra[Cg

without problem in a beneficial way, because it was found to be recessive for both defects but additive for muscularity. S0 4 .
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crossbreeding was developed in most European countries from 1978-1980 in order to produce heterozygotes combining the ad f

. ify
the two homozygotes for muscularity and meat quality. Consequently, the challenge was to find a reliable technique to identify

Ay
recessive allele even in heterozygotes in order to manage it in pig populations. Nowadays, this strategy is questionable becaus® i
more and more reports in favour of an additive inheritance of the HAL” allele for meat quality (for a review, see Sellier, 1988) ; sA [[0015 X
al. (1989) even found that this allele might become dominant in heavy pigs. Anyway, it appears more necessary than ever pefore 1© gomaﬂ( !5
in order to control or even, if necessary, to eradicate this gene.There is a striking parallelism between the history of research O° due 0 ‘]]
sensitivity and that of the research on some humane genetic diseases, as Duchesne myopathy or mucoviscidosis, which also & iﬁcaﬂ[ k
recessive genes. Decades of research on the physiological and biochemical mechanisms of these diseases have not led to a1y . g[:i ol 0 J

¥ S . s &
progress from a practical point of view. Molecular biology techniques recently allowed identification of the corresponding gene

198
the understanding of their expression. Similar techniques can be applied to the problem of halothane sensitivity (ARCHIBALD’

12. RN- gene rofem ‘M
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The RN~ gene unfavourably affects the processing yield of cooked meat products (NAVEAU, 1986) and probably the e : o |
rh
content (MONIN, 1989). For comparison, it decreases technological yield of cooked ham by around 5-6 %, vs. 2-3 15 ol It

sensitivity (SELLIER, 1988). It seems that the RN~ gene acts by increasing the muscle glycogen content, especially i while‘ VAR
Consequently meat presents a low pH and a high residual glycogen content. It is easy to detect the RN~ gene on living "3 oV |
determining glycogen on a muscle biopsy because this allele is dominant. So it seems possible to get rid of it by selectio” j
generations in the populations where it is undesirable. of o
The studies on the RN" gene revealed the importance of glycogen for meat technological properties out of the well-know? Gt P
PH. A high content of residual glycogen, directly induces a marked decrease in processing yield of cured- cooked mcafp o b
(FERNANDEZ al., 1991). The involved mechanisms are not yet known.. Moreover, as residual glycogen occasionally Conmmt g |

ps* |
elati®”
as 6 % of the dry matter in muscle, it is likely to have some effect on eating quality, especially flavour. Indeed, significant corte 51 |

Juct®”
been found between glycogen content and flavour i intensity in dry ham (BUSCAILHON et al., 1991). Clearly the role of musde ) ‘ 4
determining meat quality needs reevaluation. i
2. Slaughter conditions roce55 ‘ [
Slaughtering can be considered as the most important practice in the meat industry, since it is the only
which all animals must pass through before consumption. At least two aspects are worth of consideration in slavg” i ea"d ¢

oo ; . . : . lerm:
ethical problem and the process efficiency in terms of cost as well as of resulting meat quality. Regarding the ethical prob

n
. . h : ! 8 3 eme it
more people ask for serious guaranties as far as animal welfare is concerned. Regarding efficiency, there is no doubt that g¥ | &

i roces
of productivity have been made in some decades. Obviously no comparable progress has been made in the “quality of the P !
. 0
effects on meat quality. it o7 ‘
It is necessary to distinguish two steps in the slaughtering process : the preslaughter period corresponding to the D,ansP as Well P
ality A
:

. ; - at qU
animals and the lairage in the abattoir and the slaughter sensu stricto. These two steps differ by their consequences on meat q ‘

by their implications for animal welfare. Here we will limit the discussion to the problems relative to meat quality.
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[ Thei
lh” Mluence of slaughter conditions on meat quality have been matter of many studies (for reviews, see GREGORY, 1987). Already in
9

0 5 - :
p ny 5, Callow reported the increase in meat pH resulting from preslaughter stress (CALLOW 1938). Although many reports are
Clory, Some points are now well established :
‘Dresla

. %“ Ughter stress induces a decrease in muscle glycogen, which can lead to DFD meat occurence especially in male animals as young
gy

So
r
0 by 3. The biochemical mechanism is well known but the physiological causes of individual variations in reaction intensity are by far

HL“ DOgtwe:ilu“derstood (for a review, see TARRANT, 1988). At the time of killing, it is well established that if struggling is prevented, the
O ,]frnuscu:'m PH fal] is slowed down in pigs and goats (HEFFRON et al., 1974), but not in cattle (LISTER & RATCLIFF 1970) . The role
RY by & Contractions is obvious. In contrast, the role of catecholamines is controversial. Probably there is some interaction between
e Catecholamines potentiate muscular contractions. There is no doubt that the physiological and biochemical mechanisms of the

o S,
i rQQei\,nm Stress and particularly to slaughter need to be investigated in depth. In the preslaughter period, the body temperature variation has
oV Uifferen very little attention despite its importance for meat quality, as shown by GARIEPY et al. (1989). In a given group of pigs,
o [é“lper:es in muscle temperature as great as 4 °C can be observed soon after slaughter (LETANG, personal communication) ; such
¢ \‘ [Lht‘lre Variation is likely to deeply affect ultimate meat quality.
‘&n ; lime of death muscle tissue environment undergoes drastic changes such as :

‘ “grexs.crease In circulating hormones, especially catecholamines ; strong muscle contractions during stunning and often during bleeding ;
0! ‘ Dr%u i Setting of anoxia ; increase in muscle temperature, which can reach more than 1 °C in a few seconds during electronarcosis ;
" ‘ o idification of blood and muscle tissue in case of carbon dioxide stunning.

Ach o
i Dg(nx these Phenomena may affect the biochemical changes in muscle tissue during and after death, especially glycogenolysis and ionic

1 tl()n . . L . . ) E N 1
by D“&et 8. Ionic translocations, particularly of calcium ions, act in the early times on the rate of glycogenolysis and on the delay of rigor
o Iy, Y Coulq also have long-term effects on activities of proteolytic systems, which are sensitive to ionized calcium concentration and

0
¢
hanges.

g
Questiy - - §
o | Yy Uon is central for the understanding and the control of the effects of slaughter on post mortem evolution of muscle tissue and
. Uent
| g Mea Quality : to what extent each of the above-cited factors, i.e. hormones, anoxia, temperature, acidification, do influence the
; the
i bY‘ ; Extent of the physical and chemical changes ? The answer to this question conditions the improvement of slaughter techniques,

tin ! . . : Y
v | mem & on what point(s) the efforts must first be focused. In the past, as pointed out above, a lot of studies dealing with slaughter

=

Ve o . ! z . - . ) .
'"di\,id glven contradictory results, and so did not lead to reliable conclusions. To our opinion, that is because it was not possible to

Ual
2e : : g ; . s ! :
‘ L&'lu] the effects of factors which constantly interacted in studies carried out on whole animals. Studies at the tissular and even

I

le\,e
‘ “quA I woulg help to solve such problems. Regarding the former, use of perfused isolated tissue was proposed and really allowed to
. depe
F | 1991 P ndently the effects of catecholamines and contractions on the peri mortem and post mortem changes in muscle (MIRI et al.,

8 Q()
0 Ny, ! g i : ’
p ‘ “ﬂ\v . oL of ey environment could even be better achieved using myofibres bundles or isolated myofibres. Various techniques are

u‘tfielda"able to investigate changes affecting physicochemical traits in intact cells. To our knowledge, their application in
b g i et Tesearch has been so far limited essentially to studies of myofilament lattice spacing (OFFER & KNIGHT 1988). Their use
erSi::tabOlic changes or ionic translocations would help to get a better understanding of the biochemical events responsible for the
| 8 Fmugcle into meat.

T
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| | Vg MORTEM AGEING AND MEAT TEXTURE
te

e
=

derigqs; : . . : L ‘ :
MSation occurs in all muscles of all meat animal species irrespective of their composition especially their collagen content. In

) lmpr
0 " . B L : I :
g 4 Vement in meat tenderness is of myofibrillar origin. Moreover the mechanisms and the causes of this improvement in meat
\ N

are
Probably always the same resulting in an overall weakening of myofibrils but the causes of this weakening are still not clearly
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established and the very large variability between animals and muscles in ageing rate not yet explained. e
eat!
. 2 ; : Bon | atle
Knowledge of the structural and biochemical changes responsible for meat texture improvement are of prime importance for o ’
he 1 |
reasons. First it is impossible to study ageing mechanism if we cannot measure the structural modifications responsible of ¢ it
50" |

P S ; _ be W
changes. Second, for pratical purposes, the availability of an ageing index, simple enough to be applied on a large scale, could Iy
manage the variability observed in the extent of meat ageing.

2.1 - Post mortem changes and related development in meat texture

]955‘)'

ALE
Myofibrillar structural and biochemical changes occurring in post mortem muscle have been well documented (KOOHMAR‘ d e

o
. janat
OUALL, 1990). However only few of them seems to be directly related to the improvement in meat tenderness. A possible exp 4 |

ply y PV
this would be a misunderstanding of the myofibrillar structure and of how this structure works. This failure might be prob?

otel?
overcome by reconsidering these changes in the light of the recently new proposal dealing with the distribution and the function ® p;elu [
within the sarcomere (POLLACK, 1990). Localisation of some proteins especially tropomyosin and troponin T could be quite “v[:‘» :
from that originally expected. So distribution of troponin T for instance, a protein which is extensively degraded in post morteﬂ ]
would led to change our statement about its contribution to the post mortem decrease in meat toughness. (Fig. 1) ‘w
2.2. Mechanisms responsible for meat tenderization i gl [ A
f
The meat tenderising process probably involved two sets of mechanisms. The first to be established was proteolysis of muscle P" elmqin] 0
it is still considered as the primary mechanism of meat tenderization. The second set of mechanism is physicochemical in nature 37 X
concerns the large increase in postmortem muscle osmotic pressure (OUALLI, 1990). |
- Enzymatic mechanisms Couﬂu z

Basically, any proteinase located inside muscle cells could be a potent contributor to meat tenderization and must be taken in%© 3 an o |}
this context. Of the different muscle proteolytic systems described in the literature, only two -the acidic lysosomal PTOteinases il
calcium dependent neutral proteinases have received much attention from meat scientists. It is generally assumed that their conce”
live muscles are muscle type dependant with the higher content in the oxidative slow twitch fibers (OUALIL 1990; OUALI and e al e | ¢
1990).Their activities in live tissue have to be highly regulated and this might be controlled through at least two different ways:
level of the expression of their genes, i.e. at the transcriptional and/or the post-transcriptional levels and (2) at the level of the’?
activity of the synthetized enzymes through positive (activators) and negative (inhibitors) effectors. sif” fl

or ¢4 "
Concerning the transcriptional level, many studies dealing with structural gene analysis for either calpains (HATA et al. 1989) © o

(FERRARA et al. 1990) have been carried out. The relationship between different structures are explored and informations o [heec;lﬂrlial“ ‘l‘
1
controlled expressions are just beginning to emerge . Thus major efforts are nedeed in this research field to elucidate the contro! E
of such constitutive genes and the regulation of the post transcriptional steps. RRE ¢ | |
Control of the enzymatic activity was ascribed to proteinase inhibitors present in all cells and tissues of mammalian Species : bly | |
al. 1985). How inhibitor-enzymes interactions are modulated in vivo remain an unsolved issue. Postmortem, this control 0 rozel # |8
efficient and proteinase efficiency might be assessed through measurement of the enzyme-inhibitor ratio. Regarding G d 41«:15“Ii i
. oan0>
inhibitors only few data are available. The presence of lysosomal proteinases inhibitors was reported in rabbit and bovin® d U‘ALI”N ]

LA e 8 : : S . R o specics 0
muscle. Calpastatin is the endogenous protein inhibitor acting specifically on calpain . The findings reported for different P nghlp ;

n no of \
TALMANT 1990) show that the meat conditioning rate may be correlated negatively to muscle calpastatin content whe pmen“
the 4" l
exist between meat aging rate and calpain concentrations. Current i investigations (ZABARI et al. 1991) clearly show that
5 b - : ¥
muscle in cysteine proteinase inhibitors other than calpastatin is very complex and can affect meat aging rate. acgllul

i
; : ! y activity ©
In vivo the proteolytic potential can be changed by hormonal treatment: b-agonists have been reported to alter actV! y
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uteolytic e
E‘QH
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p e CHET et al. 1990). Thus the use of this molecules increasing muscle protein deposition could induce negative effects on
o {¥oge,

or, ; ; St . i Bl

i “;‘er tem proteolysis. If the proteolytic potential differences observed between species and within a specie with age are generally
560 Q]a
‘ ) dto meat conditioning rate, the high intensity of this potential cannot explain the absence of proteolysis in masseter muscle (OUALI

zymes including calpains and cathepsins (KRETCHMAN et al, 1989) probably in the last case, by a direct action on muscle

"

X!

AL
iy MANT 1990). The sensitivity to proteolysis of myofibrils from various muscles could be an other parameter influencing the meat
g gra[e

gBb

DhySic[)ch : .
il emical mechanisms
o0 | Yoy

last decade, the main new matter for debate is the possible contribution to the weakening of myofibrills of the osmotic pressure

em, : ! y g . - 3 : :
Aquably increased in post mortem muscle. Thus, in all bovine muscles investigated osmotic pressure raised rapidly after death

dy ‘
it |y be Wice as high as in live tissue (WINGER and POPE, 1980-81). Such ionic strengths are high enough to weaken the myofibrillar
/ b

Ca : e X
) d to make it more sensitive to proteolysis.

oo [ 2
d %\
N {Cal variability in meat tenderising rate and intensity

€ Yate an
Wj[hin

o | g

d the intensity of the tenderising process of meat are highly variable, greatest variability being observed between animals and
anj
Mal, between muscles. As previously shown (GANN and MERKEL, 1978) the rate of this process is faster in fast twitch fibers.

on <
i i %ible causes of the variability noted between animals of similar age, breed and sex are still unknown we will focus on the possible
. -
the muscle effects. In this respect, the three major points of interest are the variability in: (1) levels of enzymes and inhibitors, (2)

lty to

L
i,
|
o~
i .
! A& af()

mens:

e : ; . - : ;

fhe ‘ Dr%. Ntioned the concentration of the two most investigated proteolytic systems, namely lysosomal cathepsins and calcium dependent
1

Ses : ; A ot ] T
o | lyg Or calpains, decrease as muscle contraction speed increase. Such a distribution does not fit with the rate and extent of meat

Proteolysis of intracellular proteins and (3) osmotic pressure changes.

le v .
Variability in enzymes and inhibitors content

Isip ]
T | e € Which were shown to increase as muscle contracted faster (OUALI, 1991). Conversely, a good relationship was observed with

Paip
s %“Siq / Calpastatin ratio and a similar relationship could be expected for the lysosomal system. The enzyme/inhitor ratio might be
€1
~Mus 32 good index of the post mortem potential proteolytic efficiency.
|

variability in protein susceptibility to proteolysis

€n 8
i fra% bmitteg to proteolysis by either cathepsins D, B, L or papain purified slow myosin isoforms as well as sarcoplasmic protein

NS by o
]99()) Pirifieq from slow twitch muscles exhibited a much lower susceptibility than the fast isoform (DUFOUR et al., 1989; OUALI,

i ME]{‘ © Present finding fits well with the observed rapid postmortem damage of the myofibrillar structure in type II muscles (GANN and
e B, 197g).

xariability i
oy
[hQsQ a:: Pressure or osmolality is proportional to the concentration of soluble low molecular weight compounds irrespective on whether
¢ Exp%ent:’lectlically charged or not (WINGER and POPE, 1980-81). In postmortem muscle, as pH fell down, osmotic pressure increased
g mﬂgc 1y ang reached its maximum value at the completion of the rigor process. This behaviour is a common feature for all bovine

0 D osmotic pressure of postmortem muscles

Sinve .
]990 1 Sigated so far and probably for all meat animal species. The maximum value attained is highly muscle type dependent (OUALI,

§ e : : . : A
i ngQ pOSltlVlf:ly correlated with the muscle contraction speed. The maximum osmolality achieved for type I muscle and type II

. leg
f

e
the,
I i
(()NQL frrlyoflbn'ls and to improve the efficiency of indigenous proteinases (WU and SMITH, 1987).
Us
f
F | Dy - IoN

dre :
quivalent to ionic strengths in the range 0.23 to 0.30. Such ionic strength values are high enough to cause important

Of th 1
his Contribution was mainly to stress how fundamental research in the field of muscle biology and related post mortem muscle
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biochemistry is critically required by a meat industry facing new challenges stemming primarily from new consumer requirements: |
50

‘ . . . o . ert?”

already aware of many of the chemical changes taking place post mortem in the muscle tissue and their effects on the physical prop .
g0

stand® |

meat we are not yet fully capable to integrate our data into coherent structures allowing extrapolations either toward basic under

v

practical applications. it |1
fg%" |

. b : : : . es 0
Indeed with our present knowledge we are not even able to anticipate (in terms of meat quality attributes most of the consequen® |

. ‘13‘
: ive a0
simple changes in early post mortem processing mainly because the very high variability of the muscle characteristics in the 1V e
\ . oved, 10"
which has a strong impact on the biochemistry of the post mortem conversion process. No actual progress will be achieved: o ‘2
be
predictive modelling of the post mortem changes and so optimization of many processes and individual practices until W€ g° y (
understanding and a quantification of the impact of the biological variability of muscle traits on the control of the biochemistry © 3
mortem changes. (
g
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Sure 1 , Schematic model of sarcomere assembly proposed by POLLACK (1990).
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