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Cr o s s l i n k s , p o l y m e r i c  c o l l a g e n  a n d  m e a t  t e x t u r e

lTïï' R- KUYPERS, D J . H O R G A N  A N D  W.R. SHORTHOSE
*°n of Food Processing, Meat Research Laboratory, Cannon Hill, 4170, Australia

«ed b
“ eviously show n that the stability of crosslinks in the collagen of youngs animals is tissue dependent and is 

7 the relative prom inence of crosslinks formed via the hydroxyallysine pathway. The principal crosslinks on
I h y
N ,

are Pyridinoline (PYR) and a collagen-associated Ehrlich chromogen (EC). We have previously show n that
rahon of PYR increases w ith age by about 30% from birth to old age. There is however considerable animal to 
at*°n in PYR content at any particular age. We have been unable to show  a good correlation betw een the PYR 
n °f a m uscle and measures of meat toughness. Even though the concentration of EC appears to decline with

1 aMmaI
Tti age (in animals > 2  years old), the relaxation half-time determined by hydrothermal isometric tension

liter
% ease in the number of thermally stable crosslinks in IMC. We consider these to be EC residues that no
"M chr, 

lQXid,
om ophores w ith the detection reagent. This could be due to the reactive structure of the EC which is

ation and possibly polymerisation.
“CIION

Sieved to be one of the two structural elem ents of meat that determine meat texture (Bailey, 1989). A 
Pr°cessing parameters are known to influence myofibrillar toughness, how ever w hen these are optimised forV Ucti^  °n of tender meat, a gradation of toughness still exists between m uscles from the same animal, and between  
Usc'e from different animals (Shorthose & Harris, 1990). Increasing animal age, differences in collagen content 

stability are believed to be responsible for these variations in texture (Bailey, 1989). The primaryN
X  b
V, y which collagen affects meat texture is by contracting during the cooking process. This forces the 

rriy°fibri]lar bundles closer together and results in fluid expulsion from the meat and an increase in the 
Myofibrillar bundles per unit volum e (Bendall & Restall, 1983; Bailey, 1989). Additionally, the collagen  

Muscle fibre bundles w ill possess som e residual strength follow ing cooking. Am ongst the intramuscular 
ains the strength of the perim ysium , or perim ysium /m uscle fibre bundle interface, is likely to have a major

of
■ the

on
%'«o,

Meat texture (Purslow, 1985). We have recently show n that differences in collagen thermal stability and
'gth

' 199- can be related to the content of the heat stable crosslinks PYR and EC (Horgan et al., 1990; Kurth &
*)• We

^ k etc
have proposed mechanisms for the formation of these crosslinks that show  how  they both m ay be

:r. °am ine crosslinks and hence act as "mature" collagen crosslinks (Kuypers et al., 1992a). The "mature"
tq Slinks are postulated to join adjacent m olecules forming lateral arrays w ithin a polymeric complex termed 

s ^ 6

, %  

V

(Railey, 1989). Thus this polymeric collagen should contain the stable crosslinks responsible for collagen 
toughness. In this paper w e examine the change with increasing animal age in the concentration of 

o ft 'Mymerodesmosine (HHMD), a marker for labile, immmature collagen, and the tw o "mature", intramuscular
\ k Ŝ nks, PYR and EC. The concentrations of the crosslinks were correlated w ith measures of collagen'sL \ .

° Meat texture.

ar
ate °Uagen (IMC) was prepared from S em im em b ra n osu s  m uscles of 50 bovine steers by hom ogenisation in 0.05 

' M sodium  chloride, pH 7.5 and filtration through 1 mm 2 square plastic m esh (Horgan et al., 1991a).
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Anim als were of different ages as indicated by  dentition w hich ranged from 0 - 8  tooth. Samples of the .
- Harr*8' row ere cooked at 80°C for 1 h prior to taste panel tenderness and Instron texture evaluation (Shorthose &

. r_pW amer-Bratzler peak force - initial yield (PF - IY) and Instron compression were used to assess tne
trihulitío11

collagen to meat toughness (Bouton et al., 1975). Total collagen content of the m uscles was determin',edW

International Standards Organisation method (3496). The concentrations of collagen crosslinks in 
sam ples were determ ined by  ion exchange amino acid analysis of the sodium  borohydride reduced

the is01ilate“

al., 1991a). The concentration of the EC crosslink was determined by colorimetric assay (Horgan

material 
et

tes!isî
Interrelationships betw een textural parameters and collagen crosslink concentration were examined by jeteh1”
analysis of variance. Relaxation half tim es of IMC sam ples from 8  bovines of accurately known age were .

thod w âthe method of Le Lous et al., (1982) follow ing hydrothermal isometric tension measurement. This metn
for IMC by rolling the long strands of IMC into a rope-like structure suitable for clam ping in the Instron- 
RESULTS
W hen the data w as exam ined w ithin each dentition group there were considerable variations in the HHM0 '

pYKa

concentrations w ithin the age groups (Graph 1). This was in agreement w ith our previous results using 8 ,j.
ifleaP(Horgan et al., 1991). Additionally, the total collagen content ranged from 0.93-3.47 g /1 0 0  g  meat with a

m eng /1 0 0  g  meat. The collagen content could be combined with the concentration of crosslink per mole of c0“ °
a figure for the am ount of heat stable collagen in 100 g  of meat. A major difficulty arises from biolog1
data of this type and is evidenced by the range of values obtained. The objective textural data showed si .(13*

i pats1118(Graph 2) to the crosslink concentrations. N o significant correlations could be detected between textural y

GRAPH 1 : Variation in  collagen  crosslink  
concentration w ith  animal age

•  = m oles H H M D /m ole collagen  
O  = m oles PY R /m ole collagen  
▼  = m oles E C /m ole collagen  
error bar = ±1 standard deviation

= Warner-Bratzler peak force - ¡nl
= Instron compression
or bar = ±1 standard deviation

itial yiel■Id
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Relaxation half-tim e o f IMC from anim als 
ages.

\

panel tenderness, peak force-initial yield and Instron 
compression) and collagen crosslink concentration (either 
on a m o le /m o le  collagen or, m oles /1 0 0  g  meat basis). 
H owever, w hen IMC w as prepared from the 8  animals 
w ith known birth dates, the relaxation half-times were 
seen to increase w ith increasing animal age (Graph 3). 
This clearly indicates an increase in the number of heat 
stable crosslinks in these samples.
D ISCUSSIO N
The EC and PYR have been clearly established as heat- 
stable mature collagen crosslinks on the hydroxyallysine 
pathway (Horgan et al., 1990; Horgan et al., 1991a; 
Kuypers et al., 1992a). Furthermore, PYR has been  
identified as a crosslink in poly a l  CB6  (Kurth, 1991). 
We have show n that PYR and EC crosslinks are involved  
in the maintenance of tension w hen collagen is heated, 
and contribute to the residual tensile strength of heat 
denatured collagenous networks (Horgan et al., 1990; 
Kurth & Horgan, 1991). H owever, w e have been unable

V ,  V Correlation betw een the PYR content of the SM m uscles examined and their tenderness. The results 
“  hereiq e clear]y demonstrate the difficulties encountered w hen m oving from a m odel system, where tendons with

Sslinkx profiles w ere used to examine the effects of specific crosslinks, to the examination of those crosslinks in
M lhe i

sevi
COrrelation of their concentrations to textural parameters.

eral possible reasons for this. Perhaps the major complication arises from the fact that meat is a 2
1-1 lt s

ystem and the effects of myofibrillar toughness might compromise the measurement of collagen's 
L l°n to

ly l3 b,
H t

meat toughness. Thus PF - IY or IC might not act as accurate measures of collagen toughness if the PF, IY
-Uesy  are influenced abnormally by  myofibrillar toughness brought about by mild m uscle shortening. It has

Ceri show n that collagen's contribution to meat toughness is more readily discernible by  objective
ln m uscles w ith  relatively long sarcomere lengths (Bouton et al., 1975). The divergence of the results

i H  fr\  0rri that of Shorthose and Harris (1990) could possibly be due to this factor.
!

\  . difference betw een the correlation of collagen strength to crosslink concentration in IMC and tendon¡I ' is
y  e fact that IMC contains two predominant collagen types (I and III) whereas tendons are com posed of

X
v

 ̂ ° ne (type I). A lthough the significance of the type III content of IMC is unclear, recent results show  the 
Df PYR

’ H t (Ku
and EC crosslinks in type I and III collagen of IMC is not random and that PYR linked type I-III co- 

ypers et al., 1992b). Therefore the role of PYR and EC in stabilising the lateral arrays of polymeric
■ and tendon could be quite different. Collagen crosslink loci could w ell have an effect on the tensile

• We believe the measurement of EC concentration in animals >2 years old is inaccurate because 
^ymerisation reactions w ould lead to a lack of reactivity w ith the detection reagent used in the assay. Such
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et al’ 1#*

reactions w ould be consistent w ith the proposed pyrrolic structure of the EC (Scott et a l, 1981; Kuypers 
Furthermore, a decline in the concentration of the thermally stable EC crosslink w ould be inconsistent with

dX
increase in relaxation half-time data. The increase in the relaxation half-times of IMC with increa & 

indicated that in this group of animals the number of thermally stable crosslinks increased w ith increasing 
These results indicate that further work is required on the structure of the EC and the complex interactions 
and meat texture.
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