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Studies on the post mortem glycolytic changes in the
M. semimembranosus of lamb and beef.
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INTRODUCTION

“Oﬂ
te??

The overall programme being undertaken in this laboratory in connec
with the prepackaging of fresh meats includes research into the post mor
changes which contribute to ultimate overall meat quality. One aspect 4
this research involves the study of the biochemical changes which 0“1,11
within the initial 48 hours post mortem, with emphasis on the glchl}'ﬂ
changes. ,

The present report deals with the post mortem biochemistry of 12 ]51’1:—:
lish lambs, and highlights some interesting features of lamb muscle durt?
its conversion to meat. Changes in the glycolytic intermediates, as b
as adenosine triphosphate and its degradation products, are compared wit
similar data obtained on beef muscle post mortem. Variations betwe®

shackled and unshackled legs are also discussed.

we

METHODS

Animals \
" < . . ] 75:/
I'welve Dorset Down x Devon Close Wool lambs (live weights ~ 8V Ib

were used in this experiment. The age of the animals was 8 months.

Slaughter and Cooling
The lambs were stunned by captive bolt and killed by severing the thf
The dressed carcasses were then pla(ml in a cold air tunnel for one ho"
and then placed in a holding room at 3 ° for the subsequent 47 hours.

0al

Sampling
For six of the animals samples were excised from the M. \mmmcmbm]“
of the left (unshackled) leg ;
M. semimembranosus of the right (shackled) leg. Samples (10 g.) wer¢ (']
cised at recorded times between 145 and 48 hours post mortem, froze?

whilst the remainder were sampled from
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g luid nitrogen, placed in a polythene bag and stored below —40° until re-
uj

fed for biochemical analyses.

pH
(I)H values were recorded on a macerate of 1 g. of unfrozen tissue in 7 ml.
)OOJ M. sodium iodoacetate solution.

Extraction of Tissue
VI 8. of the frozen sample was macerated in cold perchloric acid solution,
tu(‘d and then neutralised with 5 M.K,CO, to pH 6.5 (final volume 16 ml.).
tis Solution was used for all enzymic alnl\ ses

Chemical Methods (glycogen)

(1 Gly Cogen was extracted from 1 g. of frozen tissue as described by Hawk
o + The precipitate obtained was dissolved in 50 ml. of water and 0.5 ml.
i solution used in the Anthrone reaction for glucose determination (2)

Co Enzymic Methods

<;n111,((llthm()m of ATP*, ADP, AMP, CP, NAD and all the glycolytic

\ul;dmteq including lactate, GP and glycerol were determined by methods
bed in Bergmeyer’s »\Ittlmds in Enzymatic Analysis» (3).

* The following abbreviations have been used throughout this report:
‘\IP
Gy ADP and AMP = Adenosine tri-, di- and mono-phosphates
5-1.p
= D G6-P — glucose 1 and 6 phosphate
N, ]’\‘ Creatine phosphate

= Ticotinamide adenine dinucleotide

2‘1\ 3P glyceraldehyde 3 phosphate
> 3- PG A= 2.
1 6pp ’
DHap
aGp -
1’ ~~I

3-phosphoglyceric acid
= fructose 1:6 diphosphate

= dihydroxyacetone phosphate
8lycerol-1-phosphate

= Pll\)splm( nol pyruvate.

RESULTS

All peg : :
Ho, Tesults for chemical analyses are expressed as uM/g. of wet tissue.
i Quoted are from the time of slaughter. The words ’initial’ and

Imate’ . :
Tepre © refer to 14 and 48 hour samples respectively. Values quoted
>Se y &
Ot the averages for six animals.
H and Lactate
PH b :

Values and lactate concentrations are presented in Fig. I.
arg e
“'8¢ difference of 12 uM/g. was observed in the initial lactate con-
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centrations between the left and right legs. Corresponding pH values we
also different, 6.70 (S.D. £+0.14) in the left legs compared with 6.9
(S. D. 4-.06) in the right legs.

Ultimate pH values and lactate concentrations were 5.84 (S. D. £ -O#‘
r 0)

and 72.4uM/g. (S.D. +11.7) respectively for the left legs, and 9
(S.D. +.06) and 65.8 (S.D. 4-10.0) for the right legs.

))

ATP and CP

Differences in ATP initially were only marginal (Fig. II): in the "~
shackled legs 6.67 uM/g. (S.D. -0.62) and in the shackled legs 7.00 uM/&
(S. D. 40.58). Both groups of legs then showed a rapid decline in triph"*‘f
phate and within 24 hours they contained approximately the same 10\"4'\:
Subsequent rates of dephosphorylation were very similar giving ultimat
values of 0.20 uM/g. in both groups. :

Initial levels of CP were higher in the shackled legs than in the unshackl€®
legs, the respective values observed being 4.6 uM/g. and 2.9 uM/g. (Fig II?'
By 14 hours less than 0.5 uM/g. of CP was present in both groups of leg™

un”

Co
AMP and ADP -
Concentrations of both of these nucleotides were small compared with

that of ATP (Fig. III).
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rlse\ill‘iattions in the concentration of AMP were very small, \}‘it]l a genvml
(ECline;l;Wt.n 4—14 hours, followed l):\' a slow (1(*.(‘1111(.'\. up to 48 hours. ADI
thm&(‘ 'tln‘ough(mt the whole (-.xpm'mwntzll. period m.thv unschackled l(q\
evel ;ls In the shackled legs the concentration rose slightly from the initial
0 0.4uM/g. and then gradually decreased.
Ultimate values of both nucleotides were below 0.1 uM/g.

NAD (oxidised + reduced forms)
ilndII;-it_ial concentrations were very similar in S{l-Inpl(‘S fl;()lﬂ both thevlcft
~ Tght legs (0.64 uM/g. and 0.67 uM/g. respectively). For 8 hours NAD
(;LSOT})l'clintained above 0.60 uM/g. in both groups and then steadily declined
20 uM/g. ultimately.

Glucose and Glycogen
A (C(]“}(‘/(*1111‘zxvti011.\‘ uf glucose, initially ,I(:),O uM/g. for ﬂ.n': ‘nn.'\;hacklod legs
10, u‘f ruA\I/g. fr()lr‘ the shackled .10543 (qu IV), fell within 24 h().urs to
M/g. and 9.2 uM/g. respectively. Subsequent changes were slight.
Sh]:ll;li-zlll glycogen levels were diffor«pt in thf), two {,/*roup.f, \'alucs‘ for the
9.0 uN[\ r@-d énd .\‘haclflc:d legs zu.n()untm;); to 68.0 uM/g. (S.D. +22.1) and
dec jllé {t\’ (5: D. 415.5) r(\sp.octwol_\:. »]-m/th Q’I‘(\)ll]).’\‘ 'then showed a marked
hy m]\m(: llltlnlzlt‘(.‘\ (‘()1}(‘01111:;111()115 of 2.0—4.0 uM/g. Thus the t<).t;11 g{}'C()gj*ll
- th;xhsd was 66 uM/g. for the unshackled legs compared with 85 uM/g.
shackled legs.

G-6-P, G-1-P and F-6-P

\\'Et.f\(‘ i?l‘\’( (1iff'<-‘1‘vnui in the half-hour values for G-6-P i1-1 the two groups
G, -f‘rﬂ'(‘('l. [hus for the unshackled legs the concentration was 2.9 uM/g.
.um n(xx\:{;i)']‘),) and for the slmckllcd ]U.{\ 1.6 uNI/g. (S‘. D. 10.4). Purmg
in Q&Cil (: 75 hours the C()ncontmt10n/t1me.patt(‘rn 10.1‘ this ester was different
tise ., 5roup, the unshackled legs showing a decline followed by a sharp
]@VLII \‘1)1§‘1‘L‘as in the shackled legs there was little change from the initial

>Oth groups reached peak concentrations by 14 hours (5.2—5.7 uM/g.).
te concentrations were 5.2 uM/g. and 4.9 uM/g. in the unshackled
.]'ﬁleled legs respectively.
Nitia)

Htimg

st

levels of G-1-P amounted to only 0.1 uM/g., increasing to a maxi-
xhairlldzéllhlle of 0.4.111\1/;4. in the unshackled legs, and to 0.5 uM/g. in the
: €gs. Ultimate values were between 0.2 and 0.3 uM/g.
the rrilg?tose_(’}‘l)h()sphatc levels were initially 0.6 uM/g. and 0.4 uM/g. for
In b)ti]iidxlcd and slmckl.od legs respectively. A shght'dcchne then ()Ccurrgd
the un\vhj\r\UUPS, after \\'lucll tl}e l(*\"cls rose to a maximum 9f 0.9uM/g. in
J‘;Ltiong r‘f%liled legs, and 0.6 111\"[/;7". in the shackled legs. Ultimate concent-
€corded were 0.6 uM/g. in both groups.




FI:6DP, DHAP and Gly-3-P

Data presented for F1: 6DP, DHAP and Gly-3-P apply equallly to both
groups of legs.

Concentrations of F1:6DP were very low throughout, declining fro™
the maximum at 6 hours, 0.54-0.1 uM/g, to 0.2 uM/g. ultimately.

DHAP started off at a relatively high value of 1.1 uM/g. and rose
1.5 uM/g. within the first 2 hours. This concentration was not maintain€
however and a steady decline was observed from thereon to give ultimat®
concentrations between 0.5 and 0.6 uM/g

Glyceraldehyde-3-phosphate concentrations were fairly steady throughot®
varying by only 4- 0.2 uM/g. from the 0.6 uM/g. found initially.

10

a GP and Glycerol

A difference of 1.0 uM/g. was observed in the initial concentrations of
aGP in the unshackled and shackled legs, but by 8 hours both grouf®
contained 1.5 uM/g. This level then diminished to give ultimate values ?
~ 0.4 uM/g. 3

Glycerol was only analysed in three legs from each group. The inim‘
concentrations, 1.3 uM/g., increased to 3.5uM/g. in the unshackled €€
and to 2.3 uM/g. in the shackled legs by 5 hours, and to ultimate levels ol
5.8 and 2.5 uM/g. respectively.

2-PGA, 3-PGA, PEP and Pyruvate
] : bt i1st
Pyruvate concentrations varied within the range 0.3 40.1 uM/g. whils
the other three intermediates were always found at < (.1 uM/g.

DISCUSSION

It would appear that the overall rates of pH fall and of lactate pmduc“‘
in the M. semimembranosus of lamb were very similar to those O])\(l’\tdl
beef muscles (4) (5). The initial pH value was higher in the shackled leg?
and this was reflected in a lower initial lactate concentration of 16 11)1‘«/1-?:'
in these legs compared to 28 uM/g. in the unshackled legs. As different®
of this order were maintained throughout the 48 hours, then clearly the
rates of lactate production in this period were unaffected by the lﬂlm‘
difference in lactate leveis. Similar observations have been made in D€
semimembranosus and rabbit L. dorsi (5). ¢

The buffering capacity of both left and right legs was 44 uM 1:10t:tt(‘/1>ﬂ/g
This agrees closely with that recorded for beef M. semimembranosus j]
but is lower than the value quoted for M. sternomandibularis of beef (//

Initial concentrations and patterns of degradation of ATP were also
dissimilar to those reported for beef muscle (7) (8). Initial differences .
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C()nCth_
Quent 1.
Onget

ation between left and right legs were marginal although the subse-
ate of fall was more rapid in the unshackled legs. Assuming that the
b ol rigor occurred when 3/, 0f the initial concentration of ATP had
ls(q)p(—r;u

) J

B ed (9), then the sl:acklv(l 1&,“5‘3‘;54 reached t?]is ST.'ZL:QC 3 1_, hours later

mm’ked; Llljshackled legs. Under conditions of ra'pLd chilling this delay could
Y influence the degree of cold shortening (10) (11).

'\mbiltu hours, triphosphate 10\'0_13 were almost identical in both groups.

: Hmate values observed (0.15 uM/g.) were lower than those recorded

)eo;(\;i M. S(.zmimcmbrzmosus (1 uM/g.) were lower t.han those recorded in

T Senumcmbm.nosus (1 uM/g..) at the same time post mortem.

. Llf-}fond nucleotide ci)nc?ntmtlon (ATP + ADP 4 AMP) obsez‘\'ed for
Th@se : lacldcd legs was 7.46 uM/g., zmld for the shackled legs 7.54 1\11\[[;@
‘Oncenta..u-es are very close to those previously quoted for beef muscle (6) (/?.
iy, \vlldtlons ‘(.)t A'DP were small’tllroughout. and never rose abhovf‘ their
firgy 1231 Fl(*s (Ilg }II) althuug‘ﬁ A‘H) was being rapidly lost \\'1tlm‘1 the
03 M-I/rlours. ‘Sxmllaxrly levels of AMP never rose ab.o\'e a concentration of
ADp 8- and it must be assumed that any adenylic acid produced from

. Vas swiftly deaminated to IMP (12) (6).
'qm‘; :'[IF_bed muscle the role played 1.>y (‘? in rephosphorylating ADP one
the ]')h():l VS]JUgh-tvr can only be of minor 1importance \'vh(‘.n compzu.‘od \vllth
levg ; "/\I)J‘IOI‘}'IQL‘[I()Il \\']IJ.C}] accompanies lactate production. In beef, a high
dy ALP may be maintained in the muscle for several hours post mortem,

Uing 1 o ek . - Je
iy § Which the contribution through the Lohman reaction is of minor
Ortanc
ce.

\\'ho(l)nly e
& of the experimental period and it is therefore concluded thatthis
AYS no major role in the overall glycolytic changes post mortem.
[l(Jl:ft,-l];d ‘Conccntmti(ms of glycogen were widely (’111:[01.‘011.t in the 1.\\'0 groups
Ql‘ur: “VSuhscqucnt rates of 1.1)'(11‘01‘\7515 were not dlssu.mhu'. An 111101‘0.51(1'11;;
metriC' W.as that glycogcnoly.ms prf)cce(l.c at a rate which was not St(’)I.Cth—
toty ely 1th Jactate production. 'lhus in the unshackled legs t]l(" ratio of
Unitg) \;“C(\)S“n degrudo?l to total lactate pro(hfed (bo‘t‘h expressed in glucose

as 1.5:1 and in the shackled legs 1.75: 1. Similar rates have been
1lcer(i1f‘0\1: 1-)thf‘ M scmimon?branosus in t.his l:Ll)()l'at()l"y.(B).. .
0f g\'C(ﬂL S(* n G-6-P and minor changfs in the remaining intermediates
’ tve Y*lﬁ throughout the 48 hour period were not sufficient to account
l‘hus 'Screpancies between the glycogen hydrolysed and lactate produced.
gl\ycqm(}@ qQuestion as to what metabolites are being formed from the ’excess’
A, r(*i 1 degraded is not obvious. One possible explanation may be that
Gp \b( Proportion of the fructose diphosphate passes down the DHAP — a

()bi}ry\?erol pathway to be buil't up as triglycor.idcs. ; 7

“Ved patterns of accumulation and degradation of ¢ GP and glycerol

mall changes in glucose concentrations were observed during the

I‘(‘,Q()I.d

5

! BB o




tended to support this suggestion; thus while a GP was decreasing (bct\\'t‘Cﬂ
24—48 hours), glycerol increased significantly, especially in the unshackle®
legs.

Significant differences in NAD between left and right legs were UOI’
apparent throughout the 48 hours. Initial levels of the cofactor were slighd-\
higher than those reported for beef (7) although the present values ere CX:
pressed as the total of oxidised and reduced forms. The overall disappeara?®
of NAD amounted to 0.4 uM/g. representing two thirds of the initial €0
centration.

Standard deviations calculated for ATP, lactate, pH, G-6-P and A\'AU‘
although not all presented in the data and graphs were found to be mucP
larger for the unshackled legs.

It must be remembered that these legs were unrestrained and thus alloy
to kick violently in the early stages post mortem. This undoubtedly resul
in a poorer muscle consistency which ultimately lead to larger variations
the biochemical analyses.
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