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properties of collagen, both in the native and heat-denatured state, play an important role 

ning the texture of meat. Significant differences in properties exist between the intramuscular 
the extsnnal epimysium and tendon, and these have been rationalised on the basis of the 

stability of the intermolecular cross-links.L
SarrK'°w shov'i that there is a distribution of genetically distinct types of collagen within the 
W  ,nies of skeletal muscle. The tendon and epimysium are composed of Type I collagen, the perimysium 
a Hi and the endomysium surrounding the single muscle fibres is composed of Types I and III
^the 0n to the non-fibrous basement membrane. Variation in the proportion of these types of collagen 

nature of their stabilizing cross-links would result in texture variation between muscles.

&1$Y
*IBUTI0N DES ESPECES MOLECULAIRES DE COLLAGENE DANS LES MUSCLES ET SON RAPPORT A LA TEXTURE DE LA VIANDE

;  sailey

cq? 1Méfe!!.physit’ues du collagène dans l'etat gnce^importan^rd^prôpriétés existent entre le

Hoys abl 1 ité thermique de la liaison transversale mtermoleculaire.

Maintenant démontré qu'il y a une distribution de 1 éoimvSium^'consistent enPcollàgene du
iï* I etau sein des hiérarchies de muscle squelettique. Le tendon et 1 | P ^ ^ ^ sC°"SScles uniques consiste 

Typ ®n périmysium des Types I et III et 1 endoniysium ento variations de la proportion de ces types
• « & Ï 4  transversaies^tsbllisBtrlces ab.utir.lent » une v.ri.tl» de

entra les muscles.
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DIE VERTEILUNG VON MOLEKULARTEN VON KOLLAGEN IN DER MUSKULATUR UND DAS VERHÄLTNIS ZUR FLEISCHFASERBESCHAFF£II#1’

A.J. BAILEY
• 1 ßfl

Die physischen Eigenschaften von Kollagen, sowohl im natürlichen als auch im hitzeverformten Zustand SP1® r . 
eine wichtige Rolle bei der Bestimmung der Fleischfaserbeschaffenheit. Wesentliche Unterschiede kommen “ ski 
zwischen dem intramuskulären Kollagen und dem externen Epimysium und der Sehne, und diese wurden unterst 
der Grundlage der thermalen Stabilität der intermolekularen Kreuzverbindungen.

Wir haben jetzt festgestellt, dag es eine Verteilung von genetisch verschiedenen Arten von Kollagen inn®1-L|inatl5 
der Hierarchie der Skelettmuskulatur gibt. Sehne und Epimysium bestehen aus Kollagen vom Typ I, Perimy= 
denjypen I und III, und Endomysium, das einzelne Muskelfasern umschließt, beseht aus den Typen I und I* 
zusätzlich zur Nichtfasergrundmembran. Veränderungen des Anteils dieser Kollagentypen und die Art itre 
Stabilisationskreuzverbindungen würden eine Faserveränderung zwischen Muskeln bewirken.

PAdlPEJEJEHHE MOJIEKyJIgPHHX B7JI0B KOJI-TATSHA 3 MUt UAX H COOTHO.il 'MTB K ¡liHCKOa TKAHH 

A. M .  B33JIH

$K3H^ecK«e CBO0CTB0 KoxxareHa, h  b H a T y p a j i b h o m ^h  b 4 e H a T y p n p o B a H H O M  npH HarpeBaHKM 8 
c o c t o s h h b , HMeioT BaxHoe 3HaHeHne b onpezieaeEHH t k b h h  MHca. HG y a ecTByBT öe-ibjnaa Pa ““ gSjifl® 
b  C B O 0cTBax u e x A y BHyTpHMH m e H H H M  K o x x a r e H O M  h  BHejnHHM anHM H ^ y M o M  k cyxoïHJraeM, a V 
3Ta p a E H O H a x H S K p o B a H a  Ha o c h o b c  TenxoBofl y c T o ö H H B O c T H  BHyTpHMoxereyxapHoro B3a h m o A

M h  ^ 0K a 3ajra, HTO reHeTH H e c K H «  pa3Htie b i m h  Kox x a r e H a  p a c n p e 4 e.JH.0T c a  no C T p yKTypaM *
MHHHH. C y X OIHXHe H 9IlHMH3 HyM COCTOST H3 KO X X a r e H a  THna I . nep e M M 3 H y M  K3 THIIOB X » jj f 
9 H 4 0 M H 3HyM, OKpyxaiOIUHiî BOXOKHa 0 4 H H 0 HHHX JiyCKyXOB, COCTOÄT H3 THnOB I H III B4 0 Ö a B 0*- 
6 e 3 BoxoKHHCToa ocHOBHoit oöoxoHKe. H ß M eHeHze b n p o nopnzz 3THX thiiob Ko x x a r e n a  z 
h x  c T a Ö H X H 3 H p y » a e r o  B3az M O 4 e 0 C T B Z H  npzBexo 6h  k  H3MeHeHHK> Tx a H H  uex&y MHnmaMZ.

Ü
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iSHIIONOF MOLECULAR SPECIES OF COLLAGEN IN MUSCLE AND THE RELATIONSHIP TO MEAT TEXTURE
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A ction“NTRoi

He . l
1» det^r<̂a'' Properties of collagei^ ̂ both in the native and heat-denatured state, play an important role

ermining the texture of meatH).

Per
the

,coll
%S1 a9enous connective tissue within muscle has been histologically classified as the epimysium, the
bUsi"1 and tbe eodomysium. The epimysium forms the outer sh 

c 'e bundles and the endomysium surrounds each individual
sheath of the muscle, the perimysium encloses
muscle fibred.

êbdonUS Jodies have demonstrated significant differences in the solubility between the i 
^ c u i 0 1a9en 3’4', and this has been correlated with the chemical and thermal stability 

a!" cross-1 inks present in the collagen of these two tissues(5).- ‘Call»/ #4 .4 ~ J. •_i 1 . _ 1 1 ____  • _ __I_____•_ I_____ ifi 7 1 ___I L .^Ssu6j/|]Y distinct types of collagen in embryonic human(b>7) and bovine 
jjSnetiA suggested that the change in the stability of the cross-links04.1* - ' C T 1 ■* ■ ■■ I 1 1 1  1 l   • _ • i I _ J

ntramuscular and 
ty of the inter- 

owever, the recent finding of
skin, aortaO^' and other 

may be due to a change in the
bYPe of collagen present. We now report that there is indeed a distribution of the genetically 
nb collagens throughout the muscle, and discuss their possible relationship to the texture of meat

AND METHODS

aud epimysium were carefully dissected from psoas major, longissimus dorsi, and sternomandibularis6$ f
■" Nan°m a two year o1d steer- The tissues 
the mi,J’,P^ 7.4). The perimysium was obtained

were homogenized and washed in physiological saline 
:d by mild homogenization, using a Marsh-Snow blender!1 1,

The residue

01lowinUScl.e stripped of tendon and epimysium. The endomysium was prepared from single muscle cells
dissection under a Leitz dissecting microscope. The individual myofibres were then immersed in 

Coinctl'Schnieder solution, followed by water then 0.6M KI solution to remove the actomyosin 
9enous tissue was then suspended in physiological saline.

■l£Çoss-links

¡5 r 'a9en fibres were reduced with tritiated sodium borohydride, hydrolysed in 6N hydrochloric acid, and 
^active components separated and identified on an amino acid analyzer as previously descried! ).

? V  °US collagenous tissues were digested with pepsin at an enzyme substrate ratio of 10:1. The Tyi 
'̂ 1 MaciWas ^ “Precipitated from the soluble collagen solution at 1.5M NaCl and the Type I collagen at 

using the technique of Chung and MillerOo).

The Type III

gel electrophoresis

TKc1;*'0hk0f tbe re-precipitated collagens to confirm their identity as to type of collagen was achieved by,14, 
el A flat-bed apparatus was employed using borate buffers at pH 8.5 as previously described
ectr0^ rsion of Type Iliyto a components was carried out by incubation with mercaptoethanol prior to 

Phoresis, the resulting ct (111) having a slower mobility than a(I)!y,l,J.

LTs
kil^st Iuand epimysium of the muscles has been shown to consist almost entirely of Type I collagen. In 

r e Perimysium and endomysial collagens contained an high proportion of Type III collagen (20-30X 
N  (ig-t̂ Pe !• More accurate estimates of the proportion of the two different collagens are currently

Hi er-mined from the analysis of cyanogen bromide peptides.

tv bas Vsiai collagen from the single myofibres was also shown to contain Types I and III in addition to 
K^ac^^ht membrane Type IV collagen known to be present from electron microscope studies! I . Chemical 
6 Srhaii12a'tion of the Type IV collagen in endomysium has not yet been definitively established in view of 

He 9Uantities available.

W i l J  of the intermolecular cross-links similarly varied with the tissue. The major cross-link present
' and perimysial collagen was found to be the stable cross-link hydroxylysino-5-keto-norleucine! I6J. 

C  III nce of this cross-link accounts for the low-solubility of these collagens. The solubility of the 
1 Ved c°Hagen is probably further decreased by the presence of disulphide bonds in addition to the lysine-

r°ss-links.
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The epimysial and tendon collagen were found to be similar and contain approximately equal proportions of 
the labile cross-link dehydrohydroxylysinonorleucine'16' and the stable 'keto' cross-link. These colla9en 
are therefore more soluble in nondenaturing solvents and following thermal dénaturation.

DISCUSSION

The variation in the nature of both the type of collagen and the stabilizing cross-links is clearly of 1IT,P 
ance in elucidating the role of collagen in the texture of meat. In the raw state these differences in 
properties will be minimal and the shear force values will be dependant on the total amount of collagen \ 
present. In contrast, following cooking and thermal denaturation of the collagen, the differences in fn 
stability of the collagen and their cross-links becomes the controlling factor. Following denaturation 
collagen becomes much weaker and elastic. If the collagen possesses thermally stable cross-links it |s 
insoluble and has sufficient strength to maintain the binding together of the muscle bundles, whilst in 
contrast, if the bonds are thermally labile the collagen partially dissolves and possesses little tensi1 
strength. This difference in stability of the bonds is clearly demonstrated on cooking similar muscles 
from a calf and an old cow. The collagen from the calf exudes from the meat and sets to a gel on c0<? ĝase 
whilst the older muscle retains its denatured collagen within the muscle. This effect is due to an incrat,ile 
in the proportion of thermally stable cross-links with increasing age, following the conversion of the 
aldimine bond to an as yet unknown stable cross-link!5»1'’). In addition, as the collagen shrinks during t|ie 
denaturation a tension is generated which depends on the thermal stability of the cross-links. The conoDoi'ti<,n 
tension generated will be greatest in the endo- and perimysial collagens since they possess a higher Pr°“ati'(e 
of thermally stable cross-links. In this case, with a hiefer or steer, the difference depends on the r®  ̂
proportion of the labile aldimine and stable keto type cross-links. The role of the disulphide cross-1’ 
in the Type III collagen is not yet clear. Similarly the properties of the Type IV collagen are not ye“s 
understood, and again both disulphide and lysine-derived cross-links are also present in this non-fibr°u 
collagen!I').

During thermal contraction of the collagenous sheath, fluid is exuded, resulting in a tighter interact! 
the denatured myofilaments. The actomyosin filaments are the major proteins of muscle but possess ]itt;uear 
tensile strength or resistance to shear in the native state. On thermal denaturation the increase in s
force value will depend on the tension generated by the collagenous network which in turn depends on tjj actin'
proportion of stable cross-links. The greater the tension the greater the interaction of the denatured ^
myosin complex due to fluid loss, resulting in closer hydrophobic and ionic interactions, and ultimate1!'
an increase in toughness of the meat.

of
The morphological organization of the collagen fibres varies considerably at the three different levels ^5i 
organization. The tendon and epimysium fibres tend to lie in parallel. The collagen fibres of the Pe  ̂ .si 
are organized in lamina the direction of the fibre layers being at an angle to each other' '. The en 
consists of the amorphous basement membrane collagen together with the fibrous Type I and III col 1a9?j'ted- 
The importance of these different orientations on the tension generated similarly remains to be elucid®

• felt ,Although the relative contribution of the various types of collagen has not yet been elucidated it is orfli3' 
that these results give further confirmation to the proposal previously made that, in the absence of a 
post-mortem factors such as cold-shortening, the thermal stability of the intermolecular cross-links ° 
collagen determines the ultimate toughness of meat. It is clear that an understanding of the nature ° ^  
these various collagens is crucial to a complete understanding of the collagen in relation to meat tex
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Fig.2

Densltometric traces of SDS polyacrylamide-gel electrophoresis patterns of pepsin solubilized material f r ° 
epimysial and endomysial collagen, a) Total digest of epimysial collagen. The pattern was unaltered 
following pre-incubation with 2% mercaptoethanol. b) Total digest of endomysial collagen. Following P 
Incubation with 2% mercaptoethanol the iflll components were converted to oIII, as shown by the appeara 
of the latter with a slower mobility than al(I).

(a)
EPIMYSIAL COLLAGEN

MIGRATION DISTANCE

FIG 2




