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JUMMARY

Age

?rins.and/maturity were evaluated on a total of 90 Danish
The Elan (SDM) cows ranging in age from 24 to 105 months.
-’nma‘.\'ah-'ation was carried out by following methods: deter-
Ossif;mn. of number of permanent incisors, assessment of
ihoracgtlor‘ of the sacrum, sternum, praesternum and
L‘erflc Process cartilage, recording of chronological age and

b €rcial maturity grading.

tra:OJQZSSirnus Dorsi samples Hunterlab-lightness, percent in-
%olj4 SCular fat, shear force, intramuscular collagen and
ds hgef‘ solubility were determined. Ash and dry matter were
lage "'Nated on the 6th, Bth and 10th thoracic process carti-

esgveisiaTOSS}ble from the.detailed invest.igation of‘ossification,
Dremct_l)’ In the thoracic process cartilage to give a coarse
"elatio “'3”. of chronological age (r = 0.52 - 0.83). Only poor
“thnens“"’s were found between maturity and shear force,
Solum SS and intramuscular fat in LD, but the collagen
tign, <tY was correlated both to age and degree of ossifica-
me,‘ ialhe relationship between collagen solubility and com-
Sblub'ﬂ;u Mmaturity class was as strong as between collagen

Y and chronological age. This indicates that the

- of ossification in the thoracic process cartilage is
dge, Cise a prediction of meat quality as is the chronological
Qartilaetermination of ash or dry matter in thoracic process
Nat;. 9% can be used as an objective reference for determi-

SN of maturity.
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N

e . :
skelgtneral’ it seems that a standardized assessment of
the r:’? ossification with emphasis on judgement of
3 Pa Nal part of the thoracic process can be recommended

Of beef carcass grading systems.

Sacrum: Five-point scale from 1 = all vertebrates
clearly separated by cartilage to 5 =
complete ossification.

Sternum: Eight-point scale from 1 =, ossification of
central bones only to 8 = complete ossifi-
cation expect between first and second
bone.

Praesternum: Four-point scale from 1 = no ossification

to 4 = complete ossification.

Thoracic process
cartilage:

Three-point scale from 1 = no ossification
to 3 = complete assification.

Also, the maturity class of cows as defined in the Danish
classification system was recorded. This assessment is based
on ossification in the thoracic process and sternum, using &
three-point scale where 7 = very young cows, 8 = young cows,
9 = cows (Klassificeringsudvalget for Okseked, 1982).

Five days after slaughter the 6th, 8th and 10th thoracic
process cartilages were removed from 45 carcasses, photo-
graphed and frozen. The samples were then combined in
groups of two to three animals of similar age to cbtain
sufficient material, ground and analysed for dry matter after
Boccard et al. (1981) and ash after 1S0-936 (1978).

A sample of Longissimus Dorsi was removed betweer the
11th rib and lst lumbar vertebrae five days after slaughter
from the right side of the carcass. The sample was vacuum
packed and aged until 16 days after slaughter at 2°C. At 16
days post mortem the LD was divided into the following
samples: Three 6 cm thick steaks for shear force measure-
ment, a 2 cm thick steak for colour measurement and the
remzinder of the LD minced for other analyses.

Shortly after cutting the Hunter-lightness (L) was measured
on the steak after it has been exposed to air for 80 min.

INTRDDU" Percentage fat (SBR) was determined (based on wet weight)
% CTION on minced meat after a-method recommeded by the Commis-
-"Etermin ’ : . " sion of the European Communities Beef Production Research
?‘DDP ation of age and maturity in beef carcasses is Programme (Boccard et al., 1981). The minced meat had been

The 3Nt in relation to meat quality; especially tenderness.

L%ghnaem reason for this is believed to be the development of

Teagin S in the intramuscular connective tissue with in-

Soren ' age (Cross et al., 1973; Boccard et al., 1979
Sen, 1981),

frozen before analysis.

The shear force samples were vacuum packed and frozen
after ageing at 2°C until 16 days post mortem. The meat
samples were thawed at 5 C, cooked to a final internal
temperature of 72 C and cooled. Strips of meat were cut 10
x 20 mm in cross section, in the plane perpendicular to the
direction of the fibre bundle and about 5 cm long. Each strip
was sheared once with a Volodkewich shear attachment on a
Karl Frank 81559 equipment.
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Qiogepmbable, that this development in meat quality is more

the Connected to general physiological development of

a”imalrcaSS (maturity) than the chronological age of the

1] .
f Ob eoti E . .
2 deJ Ctive of this study was to examine different methads The content of total and soluble intramuscular collagen was

Nvg, itermination of maturity and age in culled cows and to
q“alit Sate the relationship between maturity and meat
Y Characteristics.
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ATe
SRIALS AND METHODS

determined after the method described by Serensen (1981) on
the sample used for colour measurement from 33 cows
ranging in age from 29 to 105 months.

RESULTS

Ay
2Q Qtal of

w0 1 90 Danish Friesian (SDM) cows ranging in age from iviean results and range of variation in age, weight and degree
{:'”‘is ” months were included in the investigation. The of ossification are presented in Table 1. Considerable varia-
Satjg, ore distributed on three feeding regimens during tion was found in live weight at slaughter as well as in

n .
A nd were slaughtered 1 to 37 weeks after calving. chronological age. The results for ossification illustrates that
most of the assessment scales defined has been used over the

A

e
o %S wer d and chilled accordi
b e transported, slaughtered and chilled according whole range.

e : ;
u elnstltute‘s standard procedures (Buchter, 1976). This
pe .o that the carcasses should be cooled at 6°C for 24

A clear picture of the pattern of ossification in the thoracic
Nd then kept at 4°C. .

At process starting from the caudal part of the_ animal can be
mi slaught oLt seen, and is further illustrated in Figure 1, in this case for
re'”E 5 €T, the number of permanent incisors was deter- two maturity classes. It is clear from both Table 1 and Figure
QQPded ¢ the exact chronclogical age of each animal was 1 that the highest variation in ossification is found in the
i cranial part of the thoracic process cartilage of the animal.
The pattern shown in Figure 1 is furthermore in good
agreement with the official definition for maturity classes in
Denmark (Klassificeringsudvalget for Okseked, 1982).

A
83
the tss‘-‘\'eh‘

£
L o7

sy 8y ossification of the skeleton was carried out
e of‘;f slaughter using a visual descriptive scale for each
Ssessment (Serensen, 1983):
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Mean values from determination cf maturity, Table 2: Analysis of longissimus dorsi and thoracic?

chrongicgical ags and maturitv ciass. Number of cartilage samples
observations = 9C
| i & { T
[Mean |Standard | Mir. | iMax. | Number |Mean ] Standara] it S
! deviation | value | value | | |ceviation| vaive |
i
! Longissimus dorsi |
i : - ligh 90  [29.9 1.6 2
Live weight, kg 544 71 435 | 779 S e I e S
Age, months 46.5 20.¢& 24 105 Shear farce, kg 2 sl 2.1 <
Number of permanent % total collagen 5.0 22 Ot 2 o
z : Collagen solubility ™, % 33 7.0 1.9 2
incisors 558 2.0 2 8
Ossification of sacrum 4.3 8.4 3 s .S;;’:EE Fowr o lasbas |
ifi i r ocess cartil 4.8 5 7.
Ossification of sternum 4.8 1.0 2 g S e e B %4
Ossification of praesternum; 3.2 0.5 2 4.5 1L0th thoracic process cartilage 1% 55.6 1245 38.7
Ossification of thoracic p.c; Ash i
1-4  (mean) 1.8 0.5 1 3 6th thoracic process cartilage 16 19.2 8.0 9.2 Sl
5-8 (mean) 2:2 8.3 156 3 8th thoracic process cartilage 16 19.8 Z; 12-;
16 |18.¢ . 8.
9Ll (mean) 2.7 0.2 o 3 Oth thoracic process cartilage {
: 1)
Maturity class 8o2 0.8 7 9
1) Percentage of wet weight 0%
: e e 2) Percentage of total collagen soluble after 2 h at 8
1) Danish classification system Y
. L
; B Analysis of thoracic process cartilage revealed a 47
Standard meat quality traits, intramuscular collagen content, content of around 55%, around one third of the dfY g
collagen solubility and the contents of dry matter and ash in being determined as ash. There is considerable vaT?y
the thoracic process cartilage are shown in Table 2. The both results, but any differences between anatomic 7
shear force values corresponds to good tenderness, and the tions was not found - in contrast to the findings O
variation is limited due to the choice of muscle and the ment of ossification.
standardized chilling and ageing method. Collagen content is o
somewhat lower and the mean solubility is considerably lower Correlationlictefticierts betvieer siandardimest Quallt?oF
than earlier results with young buli beef (Serensen, 1981; and age, number of incisors and degree of ossific2
Cross et al., 1984). Variation was considerably more pro- presented in Table 3. No relationship was founc ° ¢
. re . . 5 % - r\-j‘
nounced in solubility than in total content of intramuscular colour or fat content and age, illustrating the meat Py
collagen. ation has been fully developed in all three matU“tYi ¢
and the fat content has been controlled by feeding red
"
(b
5] dr For shear force values, low but positive L:t::rrelatlorl f
= Maturity e B . : 3
& Elnes found to age and age indicators, illustrating a rmnoft o
£ it (very youna in tenderness with age in the LD muscle. Unfor*
E {4 " cows tenderness has not been investigated in muscles Wit
£ i collagen content.
E 1 g
S F o
E by 2 It can be seen from Table 3, that the strongest relé_itfo W
% by chronological age was found for assessment of ossific 1V
E b the cranial part of the thoracic process cartilages in’
_E_ I mercial maturity class and number of permanent asgf
E | | were also strongly correlated to age, in the latter Cvela-’
P up to 34 years of age, where the teeth set is fully ec,uﬁ
Correlations between age and ossification of Samiﬂﬁj
sternum were significant, but at a lower level. EX€ G
of the sacrum and sternum can be complicated by v]ude:
s ]’-‘ M T Maturity in splitting of the carcass, which also were con®
s ’ | Ginss g Leach and Akers (1972). ‘
| | (cows) \ §ifiY
bts. il T Table 3:  Correlations between the degree of 05
| l} i ' and meat quality traits (n = 90)
i i
In
(o
RN ;
S Age, { Shear Hunteriad |
L 1 i [ | I Number of months ’ force ligntness | st
(i 1] |l thoracic | J/
= = ‘~-‘ i i (2
) . process Age, months - ¥ 0.2 0.0l
cartilage Number of permanent incisors 0.76 | @.31 | 0.0
Ossification of sacrum 0.52 0.05 -0.06 | gk
Ossificaticn of sternum 0.64 | 0.11 ’ -0.02 Wk
Ossification of praesternum 0.63 J 0.19 -0.08
Ossification of thoracic p.c. (1-4) 0.82 | 0.16 0.02 i
(5-8) 0.83 | 0.2 0.06 | pf
A e e (9-13) 0.72 | 0.13 0.0}
Figure 1: Average distribution of degree of ossification in Maturity class 0.72 | 0.3z | M

the lst to 13th thoracic process cartllaqe from
cows of two maturity groups. (1 = no osslflca_txon,
2 = partly ossification, 3 = complete ossification).

ab
Correlations above + 0.20 are significant different fro
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% Correlations between the degree of ossification and the content of collagen, ash and dry matter
—
6th thoracic p.c.l) 8th thoracic p.c.l> 10th thoracic p.c:.l> Co}lagenz)
ash dry matter ash dry matter ash dry matter total % solubility
Age, months 0.92 Q.92 0.93 8:97 0.88 0.94 -0.18 -0.61
Number of permanent incisors 0.89 0853 0.86 0.88 0.80 0.84 -0.05 -0.52
r:‘ssi"ic:ation of sacrum 0.7 0.70 0.64 0.68 0.49 0%55 -0.10 -0.36
Ossification of sternum 0.76 0.74 0.77 BEFH 0.65 0.71 0.00 -0.27
Ossitication of praesternum 0.87 0.86 0.81 0.86 0.82 0.87 -0.33 -0.49
stification of thoracic p.c.
(1-4) 0.92 0.94 .95 0.97 0.89 0.93 -0.03 -0.69
(5-8) 0.85 0.86 .91 0.94 [e8y 0.90 -0.18 -0.59
(9-13) 0.90 0.94 0l 0.95 0.90 0.94 -0.06 -0.52
Maturity class 0.91 0.94 0.92 0.92 0.87 0.91 0.20 -0.60
Shear force, kg 0.34 g3 0.35 0.28 0.30 0:33. 0.01 -0.12
I‘“ai collagen bl -0.02 -0.04 -0.06 -0.03 18202 . ~g.16
Lollagen solubility, % -0.65 -0.64 -0.66 -0.71 -0.73 -0.73 - -

’~ —

1 ) ) ol = .
3§ Observations, correlations above + 0.49 are significant different from 0.

% Observations, correlations above + 0.33 are significant different from C.

The _

1ntrarelati0nshlps between chemical analysis of cartilage and

dEVElOUSCuIar collagen, age, degree of ossification, teeth

i itepme”t and shear force are shown in Table 4. The

fopr d number of observations should be noticed, especially
Nalysis of cartilage.

Th

8
QDrrEas Or dry matter content of cartilage was strongly
Ot ate_d both to chronological age and subjective evaluated
gt :atmﬂ, including maturity class. The correlation
0.95 si.n ash and dry matter in the same sample was 0.97-
Njg,: OWing that either analysis can be used alone as an
Ve method for estimation of age and maturity.

ﬂnqereas correlations between intramuscular collagen content
%)) 3¢/ 0ssification were small and insignificant, the
& 25" solubility was correlated both to age and objectively
Sia)) Jectively determined degree of ossification. It is espe-
Sy -lhwm'th noticing that the relationship between collagen
betw lity and commercial maturity class is as strong as
the :”'Ccllagen solubility and chronological age, and that
lage ta”?d assessment or analysis of thoracic process carti-
% 33 given the highest correlations to collagen solubility.

&
e :
Ny ?"’Elatlons between shear force values and other traits
lon, iSS.gatEd were small and not significant, reflecting that
3ny r”ﬁus dorsi was not affected by changes in maturity to
®at extent.

DISQUSSION
It seer,
:pssi e
R, -
DPE iQ
g t

S clear from the results reported here that it is
from a detailed investigation of ossification espe-
In the thoracic process cartilage to qgive a coarse
- 1on of chronological age in cows of different ages, but
iy '3t the precision is limited. The method is more precise
the Dpredi':tion from number of incisors which seems to be
Prg, 4:}17 alternative in daily practice. In several countries
Pelatiadmn of ossification is important, because it is used in
N to payment to the producer.

17

To our judgement, however, the differential in price between
maturity classes should mainly reflect differences in meat
quality, more than differences in chronological age of the
animal. The important -question seems therefore to be
whether the assessment of ossification gives a sufficient
clear picture of the age-related changes in meat quality, e.q.
mainly changes in "background toughness'.

Unfortunately, it has not been possible in this study directly
to measure tenderness in the muscles where these changes
are predominant, i.e. the muscles containing relatively much
intramuscular connective tissue. No relationship between
maturity and shear force in LD was found here, but this is not
surprising taking into account the low collagen content of
this muscle and the unability of the shear force method to
reflect connective tissue tenderness.

It has earlier been demonstrated (Serensen, 1981) that solub-
ility of collagen in LD gives a fairly good prediction of
connective tissue toughness also in other muscles of the
animal. If this is assumed to be the case in this study also,
and the results for collagen solubility presented here is taken
as indicator of age-related variation in meat tenderness, the
study indicates that assessment of assification in the thoracic
process cartilage is as precise a prediction of meat quality as
is the chronological age. It must of course be remembered
that the correlations are based on a limited number of
observations.

It seems furthermore possible to conclude that determination
of ash or dry matter in thoracic process cartilage can be used
as an objective reference for maturity, although a precise
sampling and preparation is rather difficult due to inaccurate
carcass splitting etc.

In general, it seems that a standardized assessment of
skeleton ossification with emphasis on judgement of the
cranial part of the thoracic process can be recommended as
part of beef carcass grading systems.
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