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Berge P., Kuypers, R. and Kurth, L. B.

CSIRO, Div. Food Sci. Technol.. Brisbane Laboratory, P.O. Box 3312, Tingalpa D.C., QLD 4173, Australia
Abstract
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Heifers of three different breed types (Angus x Hereford, Piedmontese x Hereford, pure Brahman) and of similar age (HPPW{: I
months), were used to study in two muscles (Longissimus dorsi, Semitendino |
mntramuscular connective tissue (IMCT) on its heat stability and on the texture
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Materials and methods ot D

Twenty-eight heifers of similar age (204 + 0.6 months) and of three different breed types (Angus x Hereford, AxH: gl
Piedmontese x Hereford, PxH, n = 9; pure Brahman, BxB, n = 9) were slaughtered. The carcasses were chilled for 24 h at 5°C o’} th
Longissimus dorsi, pars thoracis (LD) and Semitendinosus (ST) muscles were excised, vacuum packed, then stored for 14 days _al 2 ¢ N
finally frozen at -20°C until analysis. Total collagen concentration and collagen heat solubility (90°C, 2 h) were determined on fr¢%’ M e

muscle homogenates (ISO, 1978). Total collagen was also determined on isolated IMCT (Neuman and Logan, 1950). The IMCT ‘f""s o

i
according to Horgan et al. (1990). For the other crosslinks, another IMCT sample was reduced with NaBH, (Robins, 1982), and hYdroy\; n

5
6M HCI at 105°C for 16 h. The hydrolysate was run on a CF] cellulose column in a butanolic eluent (Black et al.. 1988), and the Crl:,:ii'
fraction was then eluted with deionized water, and evaporated. Pyridinoline (PYR) was determined by fluorescence detection using the o
of Eyre et al. (1984) : the quantification of this crosslink was made by comparing the peaks with those obtained with a known molar amsadl‘ '“
PYR standard prepared as described by Fujimoto et al. (1977). The reducible crosslinks were eluted on an ion exchange column using’ gl M
citrate buffers, first with 0.2Mm, pH 4.61 for 150 min, then with 0.35M, pH 5.28 for 50 min : they were then quantified by meas! 153 0
absorbance at 546 nm after post-column derivatization with ninhydrin, and using leucine equivalent factors of 1.75, 1.84 and X:Ior:l
hydroxylysinonorleucine (HLNL), dihydroxylysinonorleucine (DHLNL), and histidinohydroxymerodesmosine (HHMD) respective]y (au“’
et al.,, 1990). Crosslink concentrations were expressed both in mole/mole collagen and Hmole/100 g muscle. Meat texture was €V U]
the peak force developped by a muscle sample during a shear test after cooking at 80°C for 60 min in a water bath (Bouton et al., 1970 J
|
Results and discussion ;

The concentrations of collagen and of the different crosslinks in the IMCT of LD and ST muscles are presented in Table 1. Thb
of ST contained significantly less collagen than that of LD (P <0.001), but the sums of collagen plus elastin in the IMCT were simil’
two muscles (results not presented). The crosslink concentrations

were significantly different between the 2 muscles (P < 0.05) except
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for DHLNL. However, the differences were noticeable only for Table 1. Collagen concentration and crosslink profile of the

PYR and HHMD, and the concentrations were higher in the intramuscular connective tissue (IMCT) of two beef muscles.

collagen of LD than in that of ST. Actually, the PYR concentrations |
found in the LD of three animals were much higher (around 0.70 IMCT constituent Muscle rsd
mole/mole collagen) than those found in the other animals (all less LD ST o
than 0.50 mole/mole collagen). When the data obtained on those Total collagen (% dry weight) 66a 47p 5 :
animals were removed, the difference between LD and ST was EC (%) 0.27a 0.25b 0.03 |
reduced by half (0.30 and 0.26 mole/mole collagen, respectively). PYR (*) 0.34a 0.26b 0.10 ~
There was no significant effect of breed on any of the crosslink DHLNL*(*) 0.16 0.16 0217 ‘
concentrations in the IMCT, except for HHMD, which %ﬂNALD( (i) gg;: 8(3)‘515 iaﬂ
concentration was greater in BxB than in AxH heifers (0.42 and 1 i |
0.36 mole/mole collagen, respectively; P < 0,05), the PxH heifers (*) mole/mole collagen o
being intermediate. These results show that the crosslink profile of Within row, means with different superscripts differ significantly [
the IMCT little differs between beef muscles such as LD and ST, (P <0.05). I

and also between contrasted breed types. i o g
Muscle ST contained on average 58 % more total collagen than muscle LD (Table 2), and the heat solubility of its COu?g ; (‘f' (\d
slightly, but significantly lower than that of LD (24 and 27 %, respectively; P < 0.001). The muscle collagen concentration was simi#" ¢
AxH and BxB heifers, and it was significantly higher (P < 0.001) than in the PxH heifers, probably as a result of the presence of the yf‘
muscling gene in the latter breed type. On the basis of dry muscle mass, the crosslinks concentrations were higher in ST than in LDfor #
to 50 %, and differences were again all significant (P < 0.01 ) except for HLNL (Table 2). The effect of breed type was significant only ™ |
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dngd HH
HHMD
CUnsxslem (P<0-05)» However, differences between breeds were not

concentration being lower in PxH heifers and HHMD Table 2. Collagen concentration, crosslink profile

and shear value of two beef muscles.

nCem .
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u‘:o Othey reedmg higher in BxB heifers as compared to the corresponding
i of P types. The shear value of ST was significantly greater than ;
e, <0.001; Table 2), but it was not significantly affected by breed Muscle constituent Muscle rsd
Corrl . LD ST
teng, eSs~r‘e:latlon coefficients between crosslink concentrations and meat Collagen (% dry weight):
5{?}0&;’1 » :::d variates were calculated within each muscle, and also after L Tomﬁl_ 1.8a 2.9b 0.28
; qui 0 neovér the two muscles (Table 3). In the LD muscle, collagen (;Hfal ln;(’lllble 1 12_??1 ij: 0-425
lh:ss S (BC PgYaélvely correlated to the concentrations of the heat stable Eg”(‘%’)e" eat solubility (%) 16;‘1 e I
0 heat labile <,2r0 11’ DHLNL) in IMCT, and positively correlated to thqse of PYR (*) 202a 2.47b 0.68
- Muscle, . sslinks (HLNL, HHMD). No such trend was not found in the DHLNL (%) 0.97a 1.45h 0.64
Uk agen pt f_OF PYR. However, in both muscles, and also on pooled HLNL (*) 0.31 0.37 0.11
elateq . Solubility was always poorly, and generally not significantly, HHMD (*) 2592  333b | 0.67
Eg"mﬁon c‘z le‘?f crosslink concentrations in the IMCT (r<0.30). The Shear value (peak force,kg) | 3.3 43b | 06
se:ll.parable e 1Ct1tclm between PYR concgntration and collagen solubi.lity was (*) umole/100 g dry muscle.
(lglm&m fanosys alh reported by Smith and Judge (1991) in beet‘ Within row, means with different superscripts differ signifi-
% us (r =-0.26), but it was lower than those found by Damergi cantly P < 0.05).

¢ Oin
‘heep - lgge beef muscles (-0.25 to 0.41) and by Young et al. (1994) in the
% One];rtlbranosus muscle (r = -0.71).
Fiells Cou 1, alt(t)g coefficients betw;en peak force and crosslink concentrations were low and non significant within each muscle (r < 0.35).
lhedeta~ 1996)r1buted to the relgtwely smalll number of observations, namely 28 per muscle. But on almost twice this number of animals,
by Samg order reported cor‘relatmn coefficients (r =(.33) between shear value of beef loin and PYR concentration (mo]e/molc. col{&lgen) of
rcgmergi etal ( 1395 lhaF found in the present experiment in the LD muscle (r = 0.29). This is also consistent with the correlation found by
Ihépecli"ely ~.H0 95) in the ST and BF musch'as of growing cattle, and by Young et al. (1994) in sheep semimembranos:us (r=0.23 and ().36
Dr()dpresem . e‘_’Vever, ona muscle mass basis (umole/100 g muscle), the latter workers found an even lower co.rrclgtlon .(r =0.16), and, in
i Ucg, CO(-,fIf)i Timent, it was only 0.25_ and 0.35 for the LD and ST muscles respectively. However, the combination of the two muscles
(t PeCli ¥ s cients that were much higher and all positive, particularly with the heat stable crosslinks EC and PYR (r =0.50 and 0.41
QQ;O_ T if%n.lﬁcam, P <0.01). Actually, peak force was also highly correlated with total collagen concentration over the two musglcs
rJuCen ation WC“iDt, P <0.001), but not within muscle. Thus, it may be suspected that the apparent dependence of peak force upon crosslink
mu“d Clwee as actgally the result of its dependence upon total collagen concentration. This is evidenced by the high correlation coefficients
Sc]e;%)cmsshnk concentrations and total collagen concentration, both within muscle and in combined muscles (in pmole/100 g
iy
:;Qre };i‘;)ll:l.can be cquluded tbat (1) within a narrow range of animal age, the variations in the heat stability of beef intramuscular collagen
Par%ss : comed by ghﬂere;nces in the collagen crosslink profile, (2) total collagen concentration was the major determinant of the variatioqs
o lic ' h Ncentrations in the musclg, and finally of meat toughness. The shear values of the two muscles studied were notably low, in
ughne 1At of the ST muscle, thus indicating that the meat was tender. Further investigation on muscles of more contrasted levels of

SS ig 3
Deeded to support the present conclusions.
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