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SUMMARY.

Development of rigor mortis and related parameters, as affected pg 'theq
tempartsture of postmortem storage, have been studied in lamb Zangrssimis
g) Results confirmed previous reports on the patterns _oﬁf postmortem
"riation Of pH, lactic acid, ATP, fibre shortening, extensibility and waser
lding CnDacitg for other animal species. At lowest temperatures (0-4 C)‘
Ortening was very intense and occurred at initial pH and ATP concentration;
ntermediate temperatures (10-20°C) resulted in a weak shortening which
“Curreg at pH 6,1-6,3 and S0% the initial ATP concentration. Hovagvxfer it is
Lorth to point out that beginning and end of shortening and extensniblhtg were
totallu Coincident at a1l studied temperatures. Water holding capacity was not
°ff9cted either by shortening or by rigor development, and was found to be

-~

reC“U related to pH.

INTRODUCT 10N

has been known for many years that conditioning tempgrature exer;s“u
]gﬁmmc effect on postmortem muscle metabelism (Bate-Smith and Ben ota

W) . 1t's generally accepted that low temperatures cause cold shortemng“
:Dnear {Locker and Hagyard, 1963; Honikel st al., 1983) and this has been_mrect g
heluted to meat thoughening (Marsh snd Leet, 1966) or even to changes in vaa r?d
tmding Capacity ( Honikel st al.,, 1986 ). On the other hand, some authors 01uGr
uenuer Meats when carcasses were held et high temperatures either along rtgm

(Levemoment (Petaja et al., 19685) or over & short period eerly postmorte
*®hner et a1 1980; Marsh et a1, 1980-81). . o2
g 0Wever, most of previous reports, except that of hon!kgl et al. i
m 9 beer muscles, dealt with whole carcasses, where temperature decre B
CQUSc]BS Is known to be a slow process. When muscles are excised fmlrlr;wed
tor 38 they react further more rapidly to temperature changes and arte:closer
‘nsl_”'dargo unrestrained cold- or riger-shortening. One can therefore ge e
the]gm Into the mechanisms involved and the subsequent effects of shortening

SS of extensibility or the water hoiding capacity of those muscles.

MATERIALS AND HETHODS. :
afy h‘rtg lambs of 9-12 Kg carcass weight were ’Zaugiiatereaj by e:::ig%gn?}"oor:
corer ®lectrical stunning. langissimus darsi muscles 'werem s frinriisd
of 3855 Within 30 min after slaughter. The muscles were imme ﬁt- y oc st

VIsiblg fat, wrapped in polyethylene bags and brought to internal temp
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of either 0, 4, 10, 15, 20 and 36°C in a water bath. They were then maintained ol
those temperatures until rigor mortis was fully developed. h
Several bundles of muscle fibres of about 0,3 cm diameter and 5 cM ‘9"gre
were excised from whole mucles within an hour postmortem in order t0 measuof
xtensibility and degree of shortening. Muscle samples were taken at intervals 3
thr or thr 30 min during development of rigor mortis in order to measure: pH,
value, lactate concentration and WHC. he
Shortening of fibres.- It was expressed as the percentage of s
difference between initial (after bundles excision) and final {rigor onset) 1eng
related to initial value. 46
Extensibility of fibres.- Unloaded bundles were messured (unmne
length) at intervals of 1hr or Thr 30min; then they were hung up and stretC in
by 1oading with 5-10g (= 100-150 g/cm2) for a short time and the inn:reti?»etrle
length was measured. The extensibility wes expressed as the percentageé of
difference between unloaded and loaded lengths related to unloaded length. 18
pH of tissue.- About 3 g of muscle were homogenised in 20 mi gisti!
water for 15 sec using an Ultra-turrax (Janke-Kunkel). The measurement o
carried out immediately using a Crison pH-meter and a combined glass glectrot®
Lactate determination.- It was determined according to Noll (1974)-
R-value.- [t was determined by diluting 0,1 mil perchloric extract 8
1,9 ml of 0,1 M phasphate buffer pH 6.5 and measuring the ratio of absorption
250 and 260 nm, according to Honikel and Fischer (1977). in
The correspondence between R-values and ATP concentration is showh
table 1, according to the results obtained from Roncalés et al. (1989).

. o oMb
Table 1.- Conversion of R Value into approximate ATP concentration 1M L
Longissimus dorsi muscles. (According to Roncalés et al.,, 1989).

R-value Approximate ATP Per cent of
concentration (mM) |initial concentration
0.85 4.90 100
0.9 4.18 85
0.95 352 72
1 2.92 60
.05 2.38 49
1.1 1.89 39
1.15 1.46 30
1.2 1.09 22
5 0.51 10
1.4 0.17 3
1.5 0.05 1




5 Water Holding Capacity.- We have used the press method according to
"8U and Hamm (1957).

RESULTS AND DISCUSSION. _
Muscle final temperature for each treatment was reached within 3-4 hours
“Stmortem in all ceses and it was held constant until the onset of rigor mortis.

ry Evolution of PH. It is well known that temperature increase causes &
DHmd fall in pH. Results presented in figure 1 show the effect of temperature on
"N Changes revealed by time needed to reach final pH, which decreased with

SeacSIng temperature: 24 hr at 0°C, 20 hr ot 4°C, 17 hr at 10-20°C and 8 hr

of The mean pH at the beginning of storage was 6.65 with a standard deviation
tem 19, while ultimate pH varied with prerigor tempgrature. At low
reg Peratures (0°C) final pH was 5.85, higher than at other studied temperatureos;
umults are in agreement with those reported by Bouton et al. (1973). At 36°C
mn‘nute PH was 5.65, higher than at 4°C, which showed a medium value of 5.57

0-20°C, whose pH was 5.48.

Lactate concentration. As shown in figure 2, relationship between

] :
iCtate Concentration and pH in postmortem muscle is linear and independent of

&m
Perature of treatment.
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f'g'lre 1.- Changes in pH during post-  Figura 2.- Relationship between lac-
;r:"”ﬁm storage of lamb Zoagissimus  tate formation and the fall of pHin
i’ < at different temperatures:---0°C  lamb Zangissimus dorsi at several
~T4°C, — 10-20°C and --36°C.  postmortem temperstures of storage
0°C, 4°C, 10-20°C and 36°C.

si. R-value (ATP concentration). R-value is an indirect, rapid, relisble and
of t“'e method to determine ATP concentration, highly correlated with the levels
he hucleotides obtained by enzymic analysis (Jolley et al., 1980-81; Roncalés
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et al., 1989). Results shown in figure 3 evidentiated the accepted two stage”
pattern of ATP depletion (Bendall, 1973), consisting of an initial delay phase
(during which ATP depletion is matched by resynthesis) followed by & linear fall
in concentration.

Initial R-value is approximately 0.85 (4.90 pmol ATP/g muscle
R-value varied with temperature of treatment. At 0°, 4° and 10-20°C i
was 1.40-1.45, but at 36°C final value was 1.55. Explanation for this pheno
is still not known.

Evolution of R-value at 0°C differed considerably of that at higher
temperatures, since it increased at a bigger rate. This appeared to be ®
consequence of the acceleration of metabolism at low temperatures due to 8
rapid ATP depletion caused by the great amount of the nucleotide needed for the
intense cold shortening to occur.

At pH 6.0 ATP was completely depleted following 0°C treatment,
conditioned at 4° and 36°C had about 1 pmol ATP/g muscle, while those held 8
10-20°C maintained levels of ATP of about 2 pumol ATP/g muscle.
concentration was O in all cases when ultimate pH was reached, except for
experiments at lowest temperatures (0° and 4°C). It was surprising 100 that ‘,’t
an ATP concentration of O pH still decreased. Apparently, ATP sgnthesuzed I
being immediately hydrolyzed at such a rate that ATP level within the must
cell remains at a very low non-detectable level (Hamm, 1977).
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Figure 3.- Changes in R-value related  Figure 4.- Shortening of jamb i"”ﬁ
to pH fall inlamb Zongissimus dorsi  ssimus dors during postmortefd o
muscles stored at various postmortem  rage at different temperatures: ® o
temperatures:- - --- 0°C,— - —4°C, A 4°C, ¢ 10-20°Cand 0 30

--------- 10-20°C and — 36°C.
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Shorti:iﬁrhie’ni_ng and extensibility of the fibres. As shown in figure 4, fibre
Spesq orm:l “’[*ft"‘f‘?””d wioccufi at gverg storage temperature; though degree and
At 0o contraction varied 'wwtn different temperatures. Experiments performed
shOrtenPfBSBI?fgd the most intense and fastest contraction, reaching sbout 40%
'UWeSt 223 A‘.ﬁ,"“,[,”_n only ::jf’e?Ui’“E ,J.ostmortem. Muscles held at 10-20°C showed the
Fio 5 tening ( = 108), and it began at 6 hours postmortem. ;
tEmper';’:ie? -:j,lrrepresenta‘rtwe of the evolution of extensibility at all studied
073) ..:re;s, Beginning of extensmmtg loss defines, according to Bendall
totayy, le onse* of rlgur_mortie,ibemg rigor fully established when muscle has
the ir;e:wt s agf.enspihtg. Honikel et al. (1983) completed this definition as
iceﬁb]ers')bhj‘ iu-;-.«; of :zf-::em:bmtg D,F.g bqndle qf muscle cells as a whole. It. is
°DDr0ximetm fl‘gure 9 that exter;szuf;ag'zs maintained at a high level dunr}g
"tensim?~ ely 10 hours at 10-20°C, while at 4°C there was a decreese in
Sty until 8 12% loss was reached. At high and low temperatures (369
C) extensibility was already nonexistent by 10 hours postmortem.

:"rﬂler Holding Capacity. As is shown in figure 6, postmortem fall of
Drrela;mmng capacity in muscles at every studied temperature was directly
e ed to Changes in pH. Jolley et al. (1980-81) reported the lack of effect
res W°_§8 tempeﬂr"ature on 'the water holding capacity of muscle; our results
DH e 1th their r.mdmgs, since we demonstrated e linear relationship between
¥ater holding capacity for all temperatures of treatment.
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Figure 7 summarizes chenges associated to rigor mortis development of
lamb muscle under different temperatures of treatment used throughout our
study. Temperature-dependent differences previously shown for each measure
paremeter appesred even more evident when plotted together for ech
temperature.
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Figure 7.- Evolution of several parameters related to pH fall at diterent

postmortem temperatures: A.- 0°C, B.- 4°C, C.- 10-20°C, D.- 36°C. R-volue.
------- Lactate concentration, -wcecceeeeeeer WHC, v beginning of a-‘.hm'tem'"g'f
v endof shortening, a  beginning of extensibility loss, a end®

extensibility loss.

A major feature was the fact thet patterns of fibre shortening and 1088 of
extensibility were almost totally coincident for all temperatures, since both
processes started and concluded at the same pH and ATP concentrﬁﬂon‘
Differences among temperatures were nevertheless apparent. Lowes
temperatures (0-4°C) ceused immediate shortening to occur, while ”Dreg
contained their full ATP concentration and had consequently a high pH; This col
shortening determined a reversible loss of extensibility of fibres, according t0
Honikel et al. (1983). Both processes concluded before final pH was reached o
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¥hile fibreg were not completely depleted of ATP. All this sulggest that rigor
mortig development and loss of extensibility are not at all coincident. 30
All other temperatures (10-36°C) resulted in & delayed beginning of
Sho”ﬁ'"ing and loss of extensibility, not apparent until pH reached a value of 6.1-
= ANd ATP concentration fell to about 2.5 umol/g. Extensibility disappeared and
Shmemng Ceased only when final pH was reached and fibres became dgpletgd of
- Rigor development can be then effectively monitored by following either
Sh‘mening or extensibility loss, what makes much easier its measure.
f Figure 7 slso revealed the close relationship between either lactate
OfMation or water holding capacity and muscle pH, showing & linear increase or
UBCreQSE respectively during postmortem storage, highly correlated tp pH ff?”-
® 8volution of both parameters was non-dependent on changes associated mth
hor ®ning or rigor onset, in agreement with results reported for beef by Homke}
ek (19818,b). They appeared to be non-dependent too on temperature o
5 ment, with the sole exception of the rate of decrease of water holding

fr?m‘tu when muscles were held at 36°C, indicating & likely denaturation of
Y0fibritlar proteins.
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