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Marbfr° Und
Only granulation o f meat are essential characteristics for the valuation o f meat quality. Both characteristics are recorded until now

JeCtively' therefore it is necessary to develop objective methods. Automated image analysis (1A) offers new possibilities. Intra­
n e t  ar fat content is an important characteristic for marbling, but more information about the distribution of fat within the muscle is 

Sai>- Objective parameters o f muscle structure can describe the granulation o f meat.

Jjective

charaot1' -S l°  develoP objective parameters for measurement o f marbling and granulation by the use of image analysis. They are studied to 
terize meat o f extremely different breeds o f cattle.

ateria|s and Methods
c°ndit' Û S ° E tbe breeds White-blue Belgian (WBB), German Angus (GA), Galloway (Ga) and Black Pied (BP) kept under the same 
Ir>Uscl>°nS’ Were s âugbtered at the age o f 12 month. 24 h p.m. a slices of 1 - 1.5 cm thickness from the 12th rib portion of longissimus 
suit of Wer? ta^en ar,d fixed in 5% formalin. A 1 - 2 mm thick cut was stained with oil-red and differentiated with 70% isopropanol. As re- 
sis We !taining ât aPPears re<̂  an<J connective tissue white being contrasted to muscle. Also little fat particles can be seen. For image analy­
s e  sre Used a QUANT1MET 570. The fat particles were detected after an image preprocessing. The measurement results o f each particle 
sUtri °frted mto different histograms.The following traits were measured : 
nip. ° . at areas as total fat area 
nii^L S*Ze oE ̂ t  particles 
sizg ¡ .̂r uoffat particles 
nh,v, tbe 3 largest fat particles

Pi

Slllri ®r ° f  round fat particles 
sUm - -0n§*sb fat areas
r°ui If  fat areas in every eighth part o f the muscle area.

traits npw nararnpfprc u/prp tr» pliarartract
l0n), fat

traits new parameters were created to characterise intramuscular fat distribution (Table 1). The chemical fat content (ether ex-
area percentage (I A) and Wamer-Bratzler share force value serve as reference parameters.

Section̂ 11 Rarameters o f muscle structure are measured for methodical studies o f granulation (Table 3). Haemalum-eosin stained transverse 
s ° f  semitendinosus muscle samples are evaluated by image analysis. The bundle area is the essential new parameter o f granulation.

Tabfg and Discussion
L shows the results o f the objective description o f marbling in meat from cattle o f various breeds. Differences between the fourb,
*3ge 0j- ,e apparent. The Galloways exhibit a high number o f fat particles per cm2 (4.5), a low particle size (0.82 mm2), the lowest percen- 
Partici 6 lar§est 3 fat areas and the lowest value for fat area distribution. These results characterize a fine and regular distribution o f fat 
The ^  S ln muscle cross section.
(0.5/Ct||f.Us bulls establish not so much, larger and not as regular distributed fat particles. The WBB have a very little number of fat particles 
best fa, i- results show, that it is not possible to describe the marbling o f meat with only one parameter. The evaluation indicates the 
Pig ] 'stribution in the meat o f Galloway breed.
retices presents three samples with similar fat area percentage but with different distribution. These samples are typical for the breeds. Diffe- 
centa are §*ven as percentage o f the largest 3 fat areas o f total fat area. A lower value means few large fat particles. The higher fat area per- 
The Cy a,|d Eat particle number/cm2 and the lower the values for the other parameters, the better is the marbling.

- . e'at*on coefficients between fat parameters (IA) and fat content (chem.) or share force value are pres
n icates a close relation between fat content and fat area percentage. Fat area distribution and fat content are not related (r=-0.21). 

tenj er| / orce value has the closest relation to fat particle number/cm2 (r=-0.55). Also a regular fat particle distribution has a positive effect

*̂ 0.82 'IX,'atlon e f f ic ie n ts  between fat parameters (IA) and fat content (chem.) or share force value are presented in Table 2. The value 
The ^  lnuicates a close relation between fat

lcnd ̂  ^°rCe va ûe bas tbe d ° sest relation . r _______________  ____________ o______t______________________i____________
S'mPle Crness' However, higher correlation coefficients can not be expected, because meat tenderness is influenced by numerous factors. A
(Pu ~ "oE var’ous Eactors affecting tenderness to the point of exclusion of the other is likely to be a gross oversimplification 
®*lly a jj ’ ^94 ). Dransfield (1992) suggested, that the majority o f variation in meat tenderness is controlled mainly by calpain system and 
Scholz c by connective tissue, fatness and marbling.
sh,o\v; ti nd Gregor (1993) used fresh samples for video image analysis to determine marbling in longissimus muscle o f pigs. Our studies 
*Ean jn 3 automated image analysis on unprepared meat is not useful. However, the connective tissue plays a more important role in cattle 

litile f^S R *s necessary to discriminate fat and connective tissue optically. The technique based on stained meat cuts allows to detect also 
at particles described by Hoshino et al. (1990) as dotty type. These fat particles are fat cells within the muscle fibre bundles.

A ttacro
Statemen.SCoP'cafiy coarse structure o f meat is related to larger muscle fibre bundles. The measurement o f primary bundle area allows a 
"*t gra about granulation. A primary bundle is the smallest unit of muscle fibres surrounded by connective tissue. Table 3 shows the fi- 
(Jfti2) ^  u ation in meat of Black Pied bulls (bundle area=0.25 mm2), and the coarsest granulation in White-blue Belgian (bundle area=0.67 

¡n°Wevet\ the differences in muscle fibre areas are small between these extremely different breeds. The almost double muscle area of 
comparison to the other breeds corresponds to a higher total muscle fibre number.
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Fig. 1 M. longissimus dorsi cross sections with different fat area distribution and equal fat area percentage

fat area percentage |%] 3.22 3.30 3.18

fat particle number /  cm2 3.27 2.99 2.33

fat particle size [mm2] 1.00 1.18 1.37

percentage of largest 3 fat areas [%] 24.6 37.4 44.8

percentage of longish fat areas [%] 62.4 68.2 70.6

fat area distribution [%] 7.9 9.5 15.0

Conclusions ,
By means o f automated image analysis new parameters were established, wich allow an objektive characterization of meat marbling an 
granulation. The comparison o f extremely different cattle breeds showed that Galloway bulls exhibit the meat with the most regular 
finest marbling. The intramuscular fat in Angus bulls is disproportionally distributed and it is stored in larger fat particles. The meat ° 
Black Pied cattles has the finest granulation. Meat o f White-blue Belgian is very low marbled and coarsly granulated.
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Table 1 Structure of intramuscular fat in M. long issim us dorsi

W hite-b lue G erm an G allow ay Black Pied
Belgian A ngus

N 9 9 10 9

m uscle a rea  [cm2] MEAN 112 .1 67 .1 6 4 .6 6 4 .6
STD 6.1 10.7 8.0 7.2

m arb ling MEAN 1.0 1 .6 1 .5 1.9
tp t ) STD 0.0 0.5 0.5 0.3

fat con ten t (chem .) MEAN 0 .2 7 1 .34 1 .26 2 .1 8
[%i STD 0.11 0.56 0.38 0 .80

W -B sh are  force MEAN 2 1 .6 1 5 .8 12 .2 16.2
value [kp] STD 3.4 4 .0 3.4 4.4

fat a rea  percentage MEAN 0 .5 8 3 .2 2 3 .51 3 .9 2
[%i STD 0.24 0.69 1.46 1.02

fa t partic le MEAN 0 .5 2 .5 4 .5 4 .0
n u m b e r /c m 1 STD 0 .2 0 .7 1.8 0.9

fat partic le  size MEAN 1 .12 1.32 0 .8 2 0 .9 9
[mm2] STD 0 .2 6 0.23 0.29 0.22

percen tage o f lar- M EAN 2 8 .7 3 6 .7 2 0 .6 2 9 .2
gest 3 fa t a rea s  [%] STD 6.4 8.0 13.0 6 .6

percentage o f  Ion- MEAN 5 0 .5 6 8 .3 5 7 .2 6 6 .6
gish fa t a reas  [%] STD 12.1 1.9 11.4 5.4

fa t a rea  d istribu- MEAN 11 .5 10 .5 6 .2 8 .7
tion [%] STD 3.3 3.2 2.9 0.9

Table 2 Relations between fat content (chem.), share force value and 
parameters of intramuscular fat (n=37)

fa t con­
ten t 

(chem .)

fa t a rea  
percen ­

tage

fa t particle 
n u m b er 

/  cm 1

fa t p a r­
ticle 
size

percen ­
tage o f 

la rgest 3 
fa t a rea s

p erce n ­
tage o f 
longish 

fa t a reas

fa t are«
distribu­

tion

sh are  force 
value

-0 .3 2 -0 .4 6 -0 .5 5 0.23 0.20 -0 .17 0 .35

fat content 
(chem .)

0 .8 2 0 .6 5 -0 .02 0 .1 0 0 .5 2 -0.21

Table 3 Muscle structure of M . sem itend inosus

W hite-b lue G erm an G allow ay B lack P>ed
Belgian Angus

N 9 9 9 1 0 ^

m uscle a rea  [ c m 2] MEAN 9 7 .8 5 9 .3 4 6 .4 5 0 .3
STD 14.2 4 .7 7.3 5 .6 ___ ^

bund le  area MEAN 0 .6 7 0 .3 8 0 .3 5 0 .2 5
[ m m 2]

STD 0 .1 9 0.08 0.08 0 . 0 7 ^ ,

m uscle fib re a rea MEAN 2 9 3 9 2 9 7 4 2 8 0 2 2 4 8 0

[ p m 2] STD 617 780 648 638___

to ta l m uscle fibre MEAN 2 .7 8 1.73 1 .45 1.70

n u m b e r [x !0 ‘] STD 0.48 0.40 0 .3 7 0 . 4 0 ^ 1
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