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SUMMARY

Meat science combines several disciplines. Modelling can help in integrating these disciplines, which 12
improve our understanding of the development of meat quality. Parts of the processes involved have be?ﬂ oK)
described in a conceptual way, or even modelled. Present approach (Qua-Si-Pork: Quality simulation © ';ay
aims to integrate such studies into a more general model. The foreseen model consists of 5 modules: Anl'stics,
Temp, Biochem, Denaturation and Meatq. The central philosophy is that knowledge of animal charactﬁﬂe The
pH and temperature provide the opportunity to predict meat quality. This was recently shown in 1it?ratl1r]u' e by
modules Temp and Denaturation have been developed elsewhere and especially Temp has proven its Vo
very accurately predicting the course of temperature in pig carcasses. The module Biochem calculates P <o 11K
temperature from the glycolytic process in a time dependent way, taking into account animal char acteris! put
genotype, fibre type distribution and glycogen content. Biochem has been designed in its general struc e’
still has to be developed further. It is expected that Qua-Si-Pork will provide a framework to integrate
disciplines involved in meat science by presenting an overall framework and by indicating resear ch ared®
Benefits are especially expected from the integration of separate mechanistic modelling approaches.
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Introduction

0

The process of conversion of living muscle to edible meat is highly complex and only partly undef_swod' :
understand the underlying mechanisms, one has to comprehend (and have data on) enzymes, prote? wgicﬂl
denaturation, thermodynamics, biological variability (within and between animals) and several other b1° e
factors. In the last decades, the amount of published information in this area has multiplied Signiﬁcantly' e
increased specialism between the research fields involved make it increasingly difficult to keep view 0 s md
present state of knowledge. On the other hand, the increased understanding of the underlying mechanis™
facilitate prediction of meat quality. Both for combining different disciplines and for predicting effects,
modelling has proven a useful tool in many research areas (Dransfield and Scheffer, 1991). o+ ol AT

In the present contribution, the general outline of an integrated system (model) will be describ® 1:5‘
major aim of the model is to predict ultimate meat quality as a product of animal and environmental fot or 1
The approach will not be fully original. Several studies in literature have provided essential compOnents ate-
present approach (among others: Offer, 1991; Dransfield, 1993). These will be referenced when 3PprOp gs®
Present modelling exercise aims to provide a framework to integrate knowledge. The model is design® ted
modular system. In this way, existing models or concepts can easily be incorporated, and verif’led/‘/al.l g
independently. The main aim of present paper is to present the general structure of the model. Its mail i
will be presented concisely. Key concepts in the approach are glycogenolysis, pH, temperature and pro
denaturation. This is reflected in the modules. . Qu¥

The proposed model is called Qua-Si-Pork: Quality Simulation of Pork. For the time being th
Si-studies will focus on pork. Offer (1991) has proposed a model to simulate the process of protein yaPP]y
denaturation. This model will be incorporated in the present approach. General features of the model %
to other species.




Genery) outline

E Ost Mortem, PH decreases while temperature can increase in the muscles due to the post mortezf'z anaerolt)xc
reEikdown of energy sources. The increase in temperature is counteracted by heat loss to the env 1ronm<taq :
especjany after scalding and evisceration. The combination of hi gh tgfnpefanng and low pH .calvlses pro tem
e.natllration, Which is a major influence on meat quality. This simplxh;d (and mcomplete). View on I(Tiu?a

e forms the basic structure of the model, which is presented in Flgx_lre 1. The model is designe 11}11 -
Hodules Which represent discernable concepts in the above described view. In the following paragraphs, eac
"ol iy be described and discussed shortly.

Stars: .
Ating Up: the basal module Animal.

“Vera| Aima] factors influence the processes in the muscle during and after slaughter. In the basal moc{ul? =
anj mal, these animal factors are combined. The basal module Animal calculates the physiological status o

Mal ang it S e onset of the post mortem processes. ;
Ie Thesblzsicrlszjil[:;z?;ca] is a srﬁall model in itself. ItAcalculates gl_\'cogerf le\'§ls 1r.1~the ;n}l‘sc%e ai :1
fi it animal and environmental factors. The major concept is 'glyc_ogen content', which is a p )519 o‘gl1
ea?‘”Q herefore, the calculations can be validated experimentally. Figure 2 presents the gen?ral principle on
;\:h pre‘SlaUght;&r muscle processes are based. The glycogen content, which is an efsentlal Ieattxre In thf:cp)o(;v;
i Process, is assumed to be dependent on the genotype (breed, presence of Hal -gene or m -gene\; n
tee iy and its nutritional history. The glycogen store level can bel affected before slfaugh;er ﬂ:tz\rlgll;l sidocan
be ; Minytes. stress) and longer term effects (hours: increased activity or fasting). Before slaughter, lip

ol in replenishing energy stores.

| Y
holysls; the bio-chemical module Biochem

z:e bio'chemical module is a central module in the model. In this' module, the post mortem cqnvelr)slion (;,fa L
3 Substrates into metabolites is calculated. Glycogen (including glgcose), ATP gnd Creatme-. 0sp
ree ““Bardeq as the major energy substrates. During life, each SUbSYIaIf? is re-'sy‘nhclzmsed. P'ost n:p) 1e$,e -
Subyg €5is ceases to a large degree. It is explicitly assumed Lbat there is a priority in lge g)t\hausl ifsnmat e gy
Mgt t;at?s- This does not imply that there is a similar priority in use of the substrates, gt it impl s
g olites With a higher priority are resynthesized at the expense of those with the low er’pnogt%mnberg
1991 e Driority is: 1. ATP, 2. CP, 3. Glucose, 4. Glycogen (a.o. Bendall, 1973; Femanfiz.z'-ta}?[he v ,
Pliggse. 1 oS assumptions are based on the experimental obsc?r\'allons that th: s‘ub'strales mhh s
Subsl;lrty have , later definite decline compared to substrate; with the ‘lower pnonty.‘ A‘;;art gs edeah %‘yl A
the €5 can be metabolized before slaughter due to physical exercise or stress. This has ‘fn o
Blye v Module Animal (see above). It is assumed that these ante mortem processes are on )';e decTh.S 4%
i ogen and Jactic acid contents, and that the other substrates (ATP, CP) are virtually replema e A“ 119 s
M the assumed priorities. Onset of rigor is assumed to be caused b)f absepce of ATP {I%enia . : .
fngdel : he S€parate fibre types differ distinctly in compositional and 11)10<:Sh:r:'1}lcsllep\izﬁe;1ec:lch:Zdolr;
cornb-n‘alculatlons will be performed at fibre level. Effects on the muscle a

i ' istributi d and muscle) into
accoulml_ng the effects on separate fibres, taking fibre type distribution (dependent on breed an )

scrlption of the enzymatic regulation
T .
1(])]e(imemioned Processes are catalyzed by enzymes. The breakdown of gl:vcogen in;o lactgte mvolves mo;:ct}}llan
The u S nZymes (Stryer, 1981). Enzyme activity can be described_usmg thelechael.xs-Mem.le)n e;ippr .
Con oof Michaelis-Memen parameters has proven to be very useful in modelling, and is cfiesc?1 : ;
in"olve “DSively by France (1991). In this approach, affinity constants and rate constants o mtr:a; “ ‘rlx?":)nbe
%ﬁf AVe to be known. Furthermore, exogenic influences on the process (.pH,vteml;().era . ;13 _—
indical- for each enzyme system separately. Experimental data for this are highly l'ac mg.1 her -
Vitrg oS that there are only a few major 'rate limiting' enzymes m\r'ol\'gd n Fhe gly cogeno }.515,? ;e Y
g micking the living muscle (Scopes, 1973). The process can be simplified by descn}t:mg i a‘ : ;)ble
ahemo - W enzymes, However, if there are still drawbacks in parameterizing this approach, 'fm ac:;;j) 88

i ©an be to describe the enzymatic process as a one-enzyme-system. It can then be expressed as
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jved
the Micahelis-Menten-method with a hypothetical enzyme. The required parameters then have to be der}V

empirically on available data. This method is chosen for the present model. A similar approach, describi0®
kinetics for entire transactions in stead of describing the individual reactions within that pathway was v
Pettigrew et al. (1992), dealing with a mechanistic model which could not be parameterized due to lackmfa ol
physiological data. Using such an approach, the process is described mechanistically, and can easily be#
when new information comes available. ibed
In its simplest form, the change in pH and temperature as a result of glycogenolysis can bé desc s
as in Figure 3. Important in this are the feedback systems, in this example temperature and pH. The meq
as presented in Figure 3 for the glycogenolysis also holds (in general terms) for the other energy deh"‘?ﬂng
processes. Feedbacks can be more complicated, like ATP breakdown being fed back both by metabolité
(AMP) and the environment (pH, again resulting from metabolites). . of
Figure 3 illustrates that the process can slow down or cease due to different factors: depletion © the
glycogen or a feedback on the enzymatic process due to the changed pH or temperature. On the other han®
process can be enhanced by the temperature if heat production permits the temperature to rise to a more,
optimal temperature. In reality, the process is far more complex, as there are more metabolites iﬂ"qlve mdealt
post mortem process. The described interactions between pH, temperature, substrates and metabolit€s ar i
with by the close connection between the modules Biochem and Temp. The rates of the processes 85 des
in Figure 3 are modelled in the form of Michaelis-Menten method. In this method, effects of pH and
temperature can be included.

Calculation of the pH

g cct
The Biochem-module calculates concentrations of metabolites. These metabolites (especially lactic acid) e
the pH. However, in converting metabolite concentration into pH, it has to be taken into account tha m
proteins have a buffering capacity, and that the relation between metabolite-concentration and pH 15 3150.ch caf
affected by temperature. In short, the conversion of metabolite concentration into pH is a mechanism wh]lew
be modelled separately, but which is still quite complicated and for which a lot of information is incomp

Thermo-dynamics: the module Temp

8
During life, body temperature in homeotherms is maintained within a rather narrow range through 2 vasteﬂfr j
of physiological mechanisms. The actual temperature in the muscle after slaughter is a combination of th
physiological temperature (initial temperature), heat production and heat transfer with the environment: :

Heat loss as a thermo-dynamic process can be modelled at a mechanistic level using the appro?
presented by Veerkamp (1975). Such a model has been developed for pigs and has proven to be able 10
describe changes in the muscle temperature quite accurately (Van der Wal et al., 1993). This model onl into
describes the physical aspects of temperature. It does not take heat production due to biochemical pro®®
account. For the Qua-Si-Pork-approach, this heat production needs to be included. The produced heat 15
calculated by the bio-chemical module, and can easily be incorporated in the temperature module.

The module to calculate the thermal behaviour of the carcass (module Temp) requires some fat oy
compositional carcass characteristics and several thermophysical properties of the tissues (both for the . al
as for the muscle mass). The program considers the tissue to be in a cylindrical shape, with an insulating ¢l
layer surrounding the muscle. For every time step, the module Temp calculates the (change in) temper? 165
the muscle location of interest, taking into account the heat loss as determined by the environmental pro
and the heat production due to the glycolysis.

Protein denaturation: the module Denaturation
Modelling proteolysis

(%L
The process of protein denaturation in the post mortem muscle is modelled by Offer (1991). In that apP o
myosin denaturation is taken as the major part of protein denaturation and is held responsible for the ofi
development of meat quality characteristics like water holding capacity and to a certain extent for cOlOur’s is
modelled the denaturation of myosin as a function of temperature, time and pH. The denaturation proccst a
assumed to cease when the muscle enters the rigor phase. The pH, rate of pH-fall, temperature and (?nse
rigor are not calculated by Offer's model, but the model presents the effects of these factors on protei?

denaturation. This approach is very useful for the present Qua-Si-Pork-approach. The modules Temp @




hem Calculate the pH, temperature and onset of rigor in the muscle. The mechanism as presented by Offer

31991) Offers the possibility to convert this into meat quality aspects by means of calculating protein
Mration :

tat Quality characteristics: the module Meat quality

Chlhe Module Meat quality, chemical and physical muscle properties will be conver}ed to meat qu.ality
aracteri'StiCs. Major aspects of meat quality are drip loss, colour and tenderness. There is a consxdgrable
g ot of published information available on each of these characteristics. Howe_ver, none of them is fully
tenierstood- In the present paragraph, the quality parameters water holding capacity/drip loss, colour and
“Thess will be dealt with shortly.

C(’[Our

;Oolto ur is the result of light scattering of the muscle. Denaturation of both sar;oplasm;tic‘and structural :

1 ot Mmay be involved in the changing colour. The developm@nt pf .colour in pork is still poorly under;t;é)d,
Imeou.gh there is consensus about the fact that protein denaturation is involved (Bendall and Swgtland, ﬁl )),
o ity of muscle colour is (among others) affected by pigmem level and by surface structure. The ﬁrst' one :
Oi?_lds Primarily on muscle function, whereas the latter one is influenced to a large extent by pH (Mom}rll a:{
The > 199]). It remains unclear to what extent the associated role of the pH on colour_ls eﬁ“eged throug p-kA
Ay “linitiye concept of describing the development of meat colour still has to be demgmed -tor Qua.-Sl-POI :
betwés {0. dis@ntangle confounded factors which are related to colour. Furthermore, possible interactions

% Influencing factors should not be neglected.

at
er hold,’ng capacity

i ;hre Mode] of Offer, water holding capacity is regarded to be dependent on the filament lattice spacing, whmh

Cap “Sult of the distance between the heads of the myosin molecules. In that approach, water holding capacity

gly%e Caleulateq from the myosin denaturation. Furthermore, water loss from the musc}e partly results fr(ﬂ)rr;l).

Wate n reakdown, as each unit of glycogen holds 2-4 units of water (F gmandez apd Tornberg, 1991). This

ho]dir be €Xpected to be expelled when the glycogen is metabolized. Finally, a dnrect'eﬁ’ect of pH on water

hay, ) “apacity can be expected through the pH-dependent charges of the musgle proteins. All these factors
Db Combined to calculate the loss of water during post mortem changes in the muscle.

7,
ehde)-ne "

Qha: “Mess and texture of meat is a highly complex phcnomcpon Protein dengturation may bg ir?\'a?l\'ed dm

Chay, 689 tenderness post mortem. There is expen’mcntgl evidence that myosin ldenaturghon 1S InV ol\ie H]l t
In PSES n Xtensibility of sarcomeres, and thereby contributes tq the subjective impression f’f‘SOﬁniSB’ &a:t eas
dﬁcisiv uscle (Bendall and Swatland, 1988). Offer (1 991) considers Ihg denaturatlpn of my o§1lr1 to beblf: :
deScn_be €vent in determining the softness of meat. Modelling denaturation of myosin aloqe \,WI ' e};ro ably no J
Ollalj € Process of texture changes, due to the fact _Lhat se\'eral structural proteins are iny olv .(Eviomn an
Con 1 F1G. Schreurs, pers.comm., 1994). In this, enzymatic processes are'mvolved. There 1s n? 3
(1993 *US in literature about the enzymatic regulation of the post mortem tenderizing processes. Dransfie

Por g+ described the role of the calpain-system in beef tenderization. Tendemess is not a major problem in
rQQuirStl]l’ Dransfield's approach may form a basis for including tenderness in Qua-Si-models. This part
g €r attention.
Ge"‘-”al
§

Qa); al‘i;jng, it can be stated that the relations between chemical and physical muscle characteristics with rr;leat
Ag they, Cither Objective of subjective) have yet been described only in general terms for L}}e present apglr::]cg
: 1 ) 1 ictions 1 €en pro
thgg th; 'S 8 vast amount of experimental data, the required prc?d]cnons seem pos]sg)lteé :xre(:)r;:n coif wpasch
Which mmﬂu,enCing factors (temperature, pH, muscle type etc) in the experimental da ;
'mit parameterisation.




Discussion
Modelling in a modular way

i s
Simulation models have received a lot of research attention in the last two decades. In meat science; the lgt:;fi
is of more recent date. Yet, several useful approaches have been developed and published (see Dr ansfiel ¥
Scheffer, 1991). Present approach is another attempt, but it does not intend to be superior to the others: the
generally spoken, present Qua-Si-Pork-approach can be regarded as a modelling approach which models it
relation between available models in the field of interest. This approach benefits from the usual advantage tion
modelling, like being able to draw attention to white spots. At present, it is foreseen that especially descﬂft’
of the bio-chemical process in the muscle requires an integrated quantitative approach. Benefits of _Presen
Qua-Si-Pork approach are especially expected from the integration of separate mechanistic modelling
approaches.

Central concept of the model

The central concept of the Qua-Si-Pork-model is the combined effect of pH and temperature on the muSCICiime
This is close to the key concept of the model of Offer (1991). The major difference is that temperatir® an‘on
are explicitly predicted, whereas they are input factors in the Offer-model. The importance of the interact .
between pH and temperature on post mortem changes is stressed by results like those reported by Fern2? {ors
and Tornberg (1994) on basis of a well conditioned experiment. More generally, interactions between fa.consl
make understanding and having grip on data difficult. Models offer the opportunity to study such interact

In this respect, it is interesting to note that more recent reviews draw more attention to interactions (e
Fernandez and Tornberg, 1991), instead of trying to describe a general view together with exceptions or
irregularities.

Use of the model

A conceptual view on post mortem muscle biochemistry may help in understanding and explaining the rjatio?
variability in meat quality. Both between-batch-variation, between animal variation and within animal oot
contribute to the diversity. A model can provide a framework to segregate the underlying factors. Al "
feature of models like the one presented here is their capacity to calculate 'the effect of -relations in 8
protocollar way. In this way changes in meat quality resulting from changing animal or en\'ironmenFal i
circumstances can be assessed. An important element in this is the prediction of serious deviations 11 m?or
quality. There are several quality deviations in pork, among which PSE, DFD and ACID MEAT aré mé)
ones. An important checkpoint for the validity and usefulness of the model is its capacity to predict suc
deviations in meat quality. Offer (1991) partly judged his model on its capability of predicting PSE-
characteristics.

Final remarks

. Much
A model is (by definition) a simplified view on the system. This especially holds for the present domai® at the
of the mechanisms between muscle and meat are barely understood. The lack of scientific consensus abo s
enzymological regulation is a good example of this. However, the modelling approach of Offer (1991 hisemiﬂl
shown that this does not need to be an obstruction for a conceptual view on the process. A gcncral, but eh 4
point is that a model never represents 'the truth' and should be judged in view of the aim of the modcl-. T
present approach attempts to be a starting point, aiming research groups to focus on major inadequaci®™
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