
K i
'A aut? RTEM p r o c e s s e s  a n d  m e at

>SpECTS OF RESEARCH NEEDS

S i

Se

° -  HONIKEL
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W D1JCTIOn  AND d e f in it io n  o f

Si UTy

Kj ^  er anlmals are raised, slaughtered 

is Processecl in order to be 

6Cl ^  hurrs n  beings. Consumers 

^SlityfTleat ancl meat Pr°ducts of best

koy^l
9 meat quality presupposes a

of ^ e  term "meat quality". By

V r -  Understand an objective

° n of al1 characteristics of meat.

Preference of attributes of meat

V  6 l3asis oi a scientific
grQ° n' ^ eat quality can be divided in

 ̂^tr|t,Ll̂ S quality factors:
d|fKenj°nal Motors ; these are different for

ĉ rw  sP>ecies of animals but also 
ye duriygie . nn9 processing of meat. 

X gnicfact ° rs; contamination with 

asPeCt > n'Srns and viruses are one 

S a rÇjQ e c°ntent of unwanted or health 

^ Substances may be the second 

S  r̂ j Urin9 processing contamination 

!dditiVes 0r9anisms and the addition of 

take Place.
,L dl factors; post mortem

o Seris0r' U meat Process'n9 influence 
rQrisiclerakCal Pr°Perties of meat 

s ^  A s ides  animal feeding,

6c'es and breed.

Pr,

IV) Technological factors; post mortem 

processes like chilling regimes, ageing but 

also animal treatment before and during 

slaughter changes the physical and 

chemical properties of meat.

Thus, meat quality is influenced in many 

aspects by postmortem processes, handling 

und processing of meat. In the framework of 

this paper nutritional, sensorical and 

technological factors influenced by meat 

processing will be discussed. As required by 

the organizers of the congress research 

needs will be the subject and not the 

present state of art.

BIOCHEMICAL CHANGES IN MUSCLES  

POST MORTEM

As the muscular tissue is the most valuable 

and most expensive part of the carcass, 

extensive research has been carried out 

with this tissue and its changes post mortem 

since decades. From the innumerable 

books and papers on this subject three 

books as examples should be cited: Bendall

(1969), Needham (1971), Ziegler (1958).

With respect to normal post mortem  

biochemical processes we know 

comprehensively the sequence of events 

and the metabolism of substances in various 

species of animals. Furthermore it became 

obvious in recent years what causes cold 

shortening and how to avoid it, we are 

familiar why DFD pork and dark cutting beef 

is observed and know also a lot about PSE 

pork. But especially in PSE pork we still lack 

a full explanation of the sequence of events 

which results in pale, soft and exudative 

pork. Without doubt hormones

1 8 1



initiate or take part initiating the process 

intramortem, leading to a rapid breakdown 

of glycogen and finally due to low pH and 

prevailing high temperatures to 

dénaturation of proteins and early 

désintégration of membranes. But what 

does cause the rapid pH fall? Contrary to 

our human made machinery which may 

waste energy for no necessary purpose, a 

muscle does not turn over energy just for 

the sake of producing heat. As Scopes 

(1974) could show in an excellent 

experimental set up, the glycolysis and its 

speed depends on the ATP-turnover in the 

interacting enzyme system of the muscle 

cell.

What ATPases in the cell do use up the 

ATP? W e know, that it is not a general 

muscle contraction in PSE muscles like in 

the cold or rigor shortening process. Also 

the early lack of oxigen and anaerobic 

glycogen breakdown to lactate cannot be 

the cause. Transport of matter through 

intracellular membranes or futile cycling 

between the glycogen breakdown 

catalyzing enzymes and glyconeogenic 

ones may be reason for an accelerated 

ATP turnover.

Another open question is how is it possible 

to accelerate the glycogen breakdown in 

PSE muscles by a factor of about 10? 

Around a dozen of glycolytic enzymes 

must be able to increase their turnover rate 

rapidly over the pH range of 7.0 to 5.5. 

There exists the principle of convoy. The 

"slowest" turnover rate determines the

velocity of glycogen breakdown. Tl^ 5 

enzymes must be able to increase ^
turnover rate. Do higher concentre 

enzymes exist in PSE muscles, or 

muscles different isoenzyme patted '

N
PH,

.?l<!

we could show (table 1 ) pyruvate '

normal (pH-j > 6 .1) pork muscles eé

$0f
s0f
$0f

two isozymes, at pH^ 5.9 three of 

isozymes are present with different 5 

patterns.

With respect to PSE and its causes 

urgent research needs and I call vP°\
qQ\

international cooperative efforts to 5 

problem.

0  N

In this context other research proje

should start. After we know what d°e
5pd

reia

! $

happen on the level of enzymes er

proteins in PSE muscles we should $  r$a
identify the genomes of normal anci ^ ^  

prone pork muscles in cooperation r

scientists and molecular biologist5- c0r

CHANGES IN PHYSICAL PR0? &
by

1) Water holding capacity ^

It is rather easy to provide a gene^ 1

description of water holding cap3^  r6(. 

(WHC): It is the ability of meat to J

«h,

16'
own and in some cases added ^  ^

handling and processing. But me3
it i5 ,

treated in many ways. It is chilled Jij­

as intact meat in cuts, it is minced^ ^ ^

heated and for many meat product5̂

salted and /o r comminuted with \
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Relative intensity of the isoenzymes of pyruvate kinase after isoelectric
focussing

6.6 6.4 5.9 5.4 5.5

relative intensity of isoenzymes bands (left) 
and their ratios (right)

1 43,7 1 23,8 1 44,8 1 26,0 1
1,84 41,5 0,95 36,8 1,54 38,0 0,75 48,4 1,86

- - 26,3 1,10 14,6 0,33 22,1 0,85

' ' '
11,4 0,48

' '
— —

V
< T sh intact meat has little or no 

t5 f to W HC of a sausage 

e$ ^84) p0nri ^ 's meat (Honikel, Hamm,
nf U r t h e r m n r o  t h o  \ A / u n  f r o c h  ,

c°oked meat (Honikel, 1987). The

• k ” ,errnore the W HC of fresh meat 

W  ^  «low to draw conclusions on the

/  %rentS ttlat w 'th different treatments

° rCes are eppiied. Thus there is a 

need to evaluate which 
f  ^ ^ at6nts ° t  the muscle or meat hold or 

%  which changes occur in the 

° ^ j  9 handling and processing and

s the W HC should be

$  61

IQU|fl ti^ ’_ lnternational cooperation

¡5

to standardize procedures and 

 ̂ ^  '5 * *  fina,,y tfle procedures. That 
S iCalSsible. numerous agreements in 

^ th o d s  (e.g. ISO) have shown.

S h
q l,i ^ §§§~ s iilie a t

^ 'ty  ^^ortant attribute of the eating

is its tenderness. In

a 0̂rten _ PaPers sensorical tests are 
y ano ■

| lnstrumental measurements 

9°n ’t want to compare

sensorically evaluated toughness with its 

instrumental measurement even if I believe 

that there is also a research need. I want to 

emphazise that we don’t know yet 

satisfactory^ what happens in the ageing 

process and in fresh or aged meat during 

preparation. What role do play the different 

connective tissue sheets in meat? Which 

changes in myofibrillar protein and 

connective tissue do happen on heating? 

Why do Warner-Bratzler peak shear force 

values increase and show a maximum on 

heating to 50-55°C (Bouton et al., 1981 and 

fig. 1) whereas meat shrinks only above 

55°C (fig. 1)?

CHANGES IN MEAT AFTER THE ADDITION  

OF SALT AND ADDITIVES  

It is a well known fact in the practise of meat 

products manufacturing, that comminuted 

and cooked (frankfuter type) sausages need 

a minimum salt concentration to hold the 

added water and fat. Depending on the 

meat protein concentration 1.3 to 1.6% NaCI 

are the minimum requirements. This applies
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fig. 1

Influence of heating temperature on 

sarcomeres

'»I

peak shear force measurements and shortening

„ Pi

5 days post mortem slices of M. long, dorsi of young bulls (20 months old) were h ^  
the temperatures indicated with a rate of 2,5°C/m in. In the meat after cooling to 

temperatures peak shear force and sarcomere length were determined.

to rigor or postrigor meat comminuted with 

pork fat older than one day post mortem. It 

is also known since decades, even 

centuries that prerigor salted meat 

requires less salt (1 .2 -1 .5 % ) for a similar 

effect on water and fat binding (Hamm  

1986 and own unpublished results). Offer 

and Trinick (1983) explained what 

happens with the myofibrillar proteins.

The use of slaughterfresh fat used within 

about 10 hours after slaughter also 

improves water and fat binding in cooked 

sausages (own observations and reports

P*

from practise). W hat is the reason ^
f#

What post mortem changes do 

animal fat? ^
Other unsolved questions and thU5  ̂

needs we encounter whith additi^ 5

some additives we know their mi ode
è

action e.g. diphosphate as an ^
f

éc\c.Q'
Bendall 1954, Yasui et al. 1964 , H

il. 1984). Citrates act as heavy

scavengers (Denk, Honikel 1987)

countries mono- and diglyceride5; u u i  h i  ic d  11 i u i  iu "  a i i u  u iu iy ^ t / '  ,

illowed as additives to stabilize w ,/
fat binding in cooked sausages- ^ ^  
could show (Honikel, Hamm 1983)

P

Pi
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. ^ycerides with saturated fatty acids
%  
of ie
Of 0r Tore C-atoms improve the W HC  

acicj *ed sausages. Unsaturated fatty 

lri monoglycerides have aPro,
r$s QlJncecl negative effect. There is a 

$01̂ , Ca need to solve this problem as the 

ijr̂  '°n °t this problem would help us to 

PrQ̂ Stancl what happens in meat 

hoî Ucts and why the fat is dispersed and 

°n Poking in these products.

\

i D ° C T S
IN FAT IN MEAT AND MEAT

,u 6clorriinant problem of meat

of

^  ^ ^ e r n  meat industry. In many 

V  tt’*e rancid flavour of meat and

V  'S tbe development of rancidity in 

'tri

''l|Cr0^rOC*ücts surpasses the spoilage by 

^  pijr9an'sms- Especially with the rise 

¡̂CfQ J arn° Unt availability of the

0vens and the increasing 

V e  ° r Convenient ready-to-eat 

^ \ r k r6Cl mea,s the warmed-over 

V a n 6Cornes a problem. Antioxidative 

T ay  help but the consumer 

\ cts rn° re and more meat and meat

f  out or at least a minimum of

J V  p ' V r e  is an urgent research

S jwit, ■t0 prevent or at least slow down 
k  UltV in

y

e

/

,(iH

__  ^  f_______

* V r  r̂ 6Ct is not very helpful to use 

:6r th s Th|s develops rancidity even
ioh ir>an faf.
t i V i *  tlssue- Apparently iron
V  ^  Phospholipids in muscular

V v  i (mbranea very rapidly. W e need

res 'n rT1eat and meat products. In

r9ent|y how to treat meat in the 

^9Vlv ’ ^hich non hazardous additives
%  usep

pr0cj and how to manufacture 

Ucts without initiating

the rancidity process. Basicly we need to 

know at first how and which compounds are 

involved and what reactions products are 

formed.

CONCLUDING REMARKS 

At least in the surplus societies of our world 

the consumers become more and more 

health conscious but they demand meat 

products which are convenient to handle 

and nevertheless of best quality. The two 

latter requirements will be difficult to fulfill as 

with few exceptions (raw sausage and ham) 

the consumers’ organoleptic anticipations of 

meat emanate from the fresh meat or fresh 

meat product. The natural occuring changes 

in meat and fat with time of storage the 

consumer has experienced rarely. In the last 

century several days to two/three weeks 

were and are the time span for fresh meat. 

And the meat was prepared and consumed 

at once. In earlier times before the time of 

refrigeration the period of storage was even 

shorter - one to several days. Our ancestors 

were able to cope with the problem and 

learned to accept meat after some storage 

period. I hope that again our skilled industry 

together with researchers solve the 

problems of our post-modern time and learn 

how to handle preheated meat. But I think 

researchers should start now and construct 

a wall against a decrease in meat 

consumption which in many countries gains 

momentum. Meat is healthy and it should 

remain a valuable and tasting part of our 

diet.
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