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Background ;
The improvement of meat tenderness during the storage of animal carcasses at refrigeration temperatures (ageing) was firstly mporlcd m
1907, by Lehmann (quoted in [1]). However, the specific causes and the precise structural and biochemical mechanisms involved in the
process remain controversial [2]. In addition, as tenderness is the most important sensory attribute of meat, for consumer selection an
acceptability [3], an understanding of its structural and molecular basis is required for optimising meat storage and processing in the
industry. This understanding is also required for rabbit meat since there is a scarcity of information relating to its ageing. In a previous I‘CP}“'E
we suggested, based on ante-mortem injection of rabbits (Oryctolagus cuniculus L.) with peptidase (EC 3.4) inhibitors, that cysteln®
endopeptidases (EC 3.4.22), possibly calpains (EC 3.4.22.17), play a major role in rabbit meat ageing [4]. In addition, we also showed, base®
on the same approach, that myofibrillar structure weakening at or near N»-line level might be the major structural change [‘csponsihlc for
rabbit meat ageing [5].

Objectives
The aim of this work was to study further the biochemical and structural mechanisms involved in rabbit meat tenderisation at refrigera
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temperatures, by relating the rate and extension of meat tenderness (shear force), myofibrillar proteins degradation (SDS-PAGE) and maJC
for

tion

structural changes in myofibrils (phase-contrast and electron microscopy), that occur during rabbit meat ageing (9 days at +4°C).
different muscle types (I, IIB and 1ID) and animal treatment groups (controls and ante-mortem injected with peptidase inhibitors).

Methods ’
New Zealand White male rabbits, with 12 & 1 weeks of age and 2.8 + 0.1 kg of b.w., were used in the experiments. The rabbits were mjchCf
ante-mortem (15 minutes before slaughter) with E-64, N-acetyl-Leu-Leu-norleucinal, Z-Phe-Ala-diazomethane, L-Leu-chloromethyl keton®
0.9% NaCl (SSS control) or 20% DMSO (DMSO control). The muscles semimembranosus proprius (SP, type I), xemimcm/mum,\u:
accessorius (SA, type 1IB) and psoas major (PM, type 1ID) were removed from carcasses, at slaughter time (0 days) and after 3, 6 an
days of refrigeration at +4°C. Raw meat tenderness was assessed by shear force and the results expressed in N/cm?, as described prev i(‘}lﬁ]}
in [4]. The semi-quantification of meat myofibrillar proteins was performed by SDS-PAGE using BSA as an internal standard, as dcsCl'lhcf
previously in [4]. Myofibrillar structure weakening of meat was observed, after mechanical treatment, under phase-contrast microscopy art
expressed as number of sarcomeres per myofibrillar fragment or myofibril (mns/mf), as previously described in [5]. Ultra-structural cha
in meat myofibrils were observed and photographed under electron microscopy and the intensity and frequency of these changes classified
to +++), as described in [5]. The parameters were analyzed by ANOVA at a significance level of 5% (Hy: p<0.05). Correlation coefficient®
were calculated using the Pearson method and their significance read in statistical tables.
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Results and discussion _

Of the peptidase inhibitors injected ante-mortem to the rabbits, only E-64 (cysteine peptidases inhibitor) and N-thC[_\’l-LCU-LCLI-]]OI"CUCI.HH‘
(calpain inhibitor) inhibited meat tenderisation (figure 1), myofibrillar proteins degradation and structural changes in myofibrils, dm'lﬂ‘:‘
ageing. The other two peptidase inhibitors, Z-Phe-Ala-diazomethane (cathepsins B and L inhibitor) and L-Leu-chloromethyl l\'t“wL
(cathepsin H inhibitor), did not modify the evolution of any of these parameters during meat ageing for the three muscles studied-
significant correlation (Hy: p<0.05) exists between myofibrillar fragmentation after mechanical treatment and meat tenderness (in all mu>~
types), for SSS control and E-64 injected rabbits, suggesting that both processes are closely related (figure 2). These results also indicate t 11
myofibrillar fragmentation is a good ageing index for rabbit meat and is possibly directly involved in the tenderisation process. The data alsC
show a clear relation between transversal disruption of sarcomeres at N»-line level and meat tenderness (in all muscle types), for SSS CO”“'O‘
and E-64 injected rabbits, suggesting that both processes are closely related (table 1). The electron-dense N,-line of sarcomere is due © 111:
extensible N2A element of titin and is a site for intramyofibrillar calcium accumulation. The most susceptible to cleavage site of it "’
located in its extensible segment at N»-line region or very close to it [6]. By another way, in vitro degradation of nebulin, near ('»lcrm‘ln‘:l
end, seems also to be related to a loss of the N,-line in post-mortem muscle [7]. Moreover, calpains are activated and autolysed by C“":“”

ions, diffuse from Z-line during storage at refrigeration temperatures, and its insertion sequence IS2 binds tightly to titin N,-line region 55
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Conclusions
It is proposed that meat tenderisation during ageing depends mainly on the specific cleavage of titin molecules/filaments and 1
rv close to the N-line region (extensible segment and near C-terminus, respect

chllliﬂ
molecules, at their susceptible sites located at o Liee

ery
mediated by cysteine endopeptidases (possibly calpains).
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EFFECT OF CYSTEINE PEPTIDASE INHIBITORS ON TENDERNESS OF RAW RABBIT MEAT
(different types of skeletal muscle)
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