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Abstract— Glycogen and lactate content
(measured 45 min. after the slaughter), rate of
glycolytic changes expressed by glycogen
breakdown from 45 min. to 48h postmortem,
and pH changes (from 45 min. to 144h after the
slaughter) were investigated in 50 stress resistant
(Landrace x Yorkshire)x Duroc fatteners for
culinary and technological attributes of meat.
Glycogen and lactate content (measured 45 min
postmortem) explains : 45% of differences in
nutritive value of meat (IMF and protein
content), 76% in sensory, 38% of variation in
drip loss (from 24 to 144h after the slaughter),
34% differences in fluid loss from MAP and
VAC packed chops and from 62 to 64%
variation in pH. In the present work, has also
been found, that pH changes from 45 min to
144h post-mortem higher than GP components
and rate of glycolytic changes, explain
differences in sensory traits, drip loss and fluid
loss from MAP and VAC packed meat (at 94, 49,
44 and 52% respectively), and in similar degree
explain differences in cooking loss and TY.

Index Terms—canonical analysis, glycogen,
lactate, pH changes, pork meat quality.

L INTRODUCTION

Glycogenolysis is a fundamental biochemical
process in the post mortem conversion of living
muscle to meat. Post mortem glycogenolysis
involves the breakdown of glycogen to glucose and
then to lactic acid, in the absence of oxygen, in
order to form ATP (adenosine triphosphate). The
accumulation of lactate, results in pH decline in
muscle post mortem. Many factors influence the
rate and extent of pH decline in post mortem
muscle. [12] identified a condition in animals that
had normal rates of muscle pH decline post
mortem; however, the ultimate pH was relatively
low and the meat was of low quality. This so-called
'acid meat' condition has been attributed to high
muscle glycolytic potential (GP) and high
accumulation of glycogen in muscles. These

authors suggested the use of glycolytic potential as
an index of the muscle's capacity for post mortem
glycolysis. Glycolytic potential is an estimate of the
levels of all compounds in the muscle that are
involved in the transformation of glycogen to lactic
acid. Glycogen and lactate concentration can be
utilized to predicting the ultimate pH of
postmortem muscle. In turn, the ultimate pH of
meat is highly correlated to water holding capacity,
colour, processing characteristics and consumer
acceptability. So, measurement of glycogen
combined with a measure of lactate, is a way of
predicting quality attributes of meat [9]. The aim of
this study was determination of diagnostic value of
glycogen and lactate content (measured 45 min.
after the slaughter), rate of glycolytic changes
expressed by glycogen breakdown from 45 min. to
48h postmortem, and pH changes (from 45 min. to
144h after the slaughter) for culinary and
technological attributes of (Landrace x Yorkshire)x
Duroc crossbreedings which are a main component
in mass production of fatteners in Europe and had
good quality of meat.

IL. MATERIALS AND METHODS

The investigations covered 50 stress resistant
(Landrace x Yorkshire)x Duroc fatteners. The
animals were kept under the same environmental
conditions and fed a full bath feed. The animals
were slaughtered 2-4 hours after transportation
using electrical stunning method and recumbent
bleeding out (Midas system, Inarco). The carcasses
were chilled using the three-phase chilling tunnel (-
10 °C - 15 min, -15 °C - 25 min and -5 °C - 40 min.
with air velocity 3m/s). The following meat quality
characteristics were determined: pH of meat
measured directly in Longissimus lumborum (LL)
muscle (45 min, 2, 3, 24, 48, 96 and 144 h after the
slaughter) using pH-Master apparatus produced by
Draminski, drip loss determined in 48, 96 and 144 h
post mortem according to [14] and liquid loss from
chops packed (at 24h after the slaughter) in
modified atmosphere (MAP) and vacuum (VAC)
and meat yield in the curing and thermal processing



(72 °C), expressed by TY (Technological yield)
indicator, according to [13] as modified by [10].
Cooking loss and sensory analysis concerning
flavour, colour and its uniformity, tenderness,
juiciness, aroma, fat perceptibility and general
quality were determined according to [2]. Besides,
an analysis of the protein, water, intramuscular fat
(IMF) and dry matter content in LL muscle tissue
was conducted. The RYRI1 genotypes were
established according to [6]. At 45 min, 24 and 48 h
post mortem, samples from LL muscle were
collected into the tubes with 0.5M PCA  for
determination of glycogen [4] and lactate [3]. On
the basis of them the glycolytic potential (GP) was
calculated according to formula proposed by [12].
The estimation of the usefulness of glycogen,
lactate, the rate of glycogen breakdown (from 45
min to 24h and from 45 min. to 48h post mortem)
and pH changes (from 45 min to 144h after the
slaughter) for the determination of the quality
properties of meat and its technological value was
performed on the basis of coefficients of canonical
correlation (CR) and composed determination
coefficients (RC2) (Statistica.PL 6.0). Additionally,
coefficients of simple phenotypic correlation (r) and
regression (b) between glycogen content at 45 min.
after the slaughter and drip loss and GP45 and
meatiness estimated using Ultra-Fom 300 (SFK
Technology, Denmark) apparatus have been
calculated.

I1I. RESULTS AND DISCUSSION

We shown that variation in glycogen and lactate
content (measured 45 min postmortem) explains :
45% of differences in nutritive value of meat (IMF
and protein content), 76% in sensory, 38% of
variation in drip loss (from 24 to 144h after the
slaughter) and 34% differences in fluid loss from
MAP and VAC packed chops (Tab. 1). These
results induced us to additional calculations
concerning correlations between glycogen content
(at 45 min post-mortem) and drip loss (measured at
48, 96 and 144h after the slaughter) and TY
indicator. It was found, that 10umol/g increase of
glycogen content in muscle results in increase of
drip loss (from 0.9 to 1.6% at 48 and 144h post
mortem respectively) and 1.4% decrease in TY. It
also has been observed that GP components
(glycogen and lactate) highly (from 62 to 64%)
explain the variation in pH, such during meat aging
as its storage (Tab.1). Studies conducted by [17, 18]
demonstrate that glycolytic potential variation

accounts for a maximum 40% of the difference in
pHu of pork loin. The similar to mentioned above,
explain variation in rate of glycogen changes
expressed in pumol/g/h (Tab.1). The investigations
of [19], conducted on (LxY)xD fatteners, shown
that glycogen degradation continues to 48h after the
slaughter. In the present work, has also been found,
that pH changes from 45 min to 144h post-mortem
higher than GP components and rate of glycolytic
changes, explain differences in sensory traits, drip
loss and fluid loss from MAP and VAC packed
meat (at 94, 49, 44 and 52% respectively), and in
similar degree explain differences in cooking loss
and TY (Tab. 1). [15] reported, that pH24 h
explained only 4% of the variation in WHC in meat
from crossbred Duroc, Landrace and Yorkshire
pigs. In contrast, pH measured early post mortem in
the same material, e.g. pH1 h, explained 72%of the
variation in WHC. The results of canonical analysis
performed in this work, confirm the previous data
obtained on the non-carriers of RN- gene [7, 8, 9].
Moreover, obtained in this work results, show that
GP components, rate of glycolytic changes and pH
changes are suitable determinants to predicting
quality attributes of pork meat. A high diagnostic
value of glycogen in muscles for predicting pork
meat quality and the controversies concerning the
gene responsible for glycogen content [1, 5, 11] and
complexity of glycolytico-energetical processes
[16] in muscle tissue post-mortem create the
argument that not only the one gene is responsible
for variability in glycogen content in muscles. It
tend to search for the genes responsible for the
variability on glycogen in vivo or immediately
post-mortem or alternative (and quick) methods to
it estimation in muscles. The findings mentioned
above, tend us to set the optimum for glycogen
content in tissue at 45 min after the slaughter which
would be guarantee a good quality of meat.
Preliminary results showed that meat with glycogen
content less than 40 umol/g tissue has a high
quality meat but it requires animals with meatiness
55-58% and hot carcass weight 79-92kg. We also
shown, that lean meat content exceeded 58% is
negatively correlated with glycogen content
(r=0.43** b=0.08) and results in deterioration in
culinary and technological usefulness of meat.
Resuming, the profits connected with increasing of
lean meat content in carcasses are counterbalanced
by mentioned above deteriorations in drip loss (to
144h postmortem) and TY indicator as the result of
the accretion of glycogen.
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Tab.1 Values of canonical correlations and respective squared canonical correlation revealing relationship between
independent sets containing GP components, rate of glycogen breakdown and pH changes and dependent variables sets

describing wide spectrum traits of meat quality and culinary and technological usefulness of pork

Glycolytic potential

. . Rate of glycogen
Independent variebles components (45 min. breakdown (umol/g/h) pH changes
postmortem
Dependent variebles Glycogen 45min-24h from 45 min to 144h
lactate 45min-48h postmortem
o ) . Cr=0.67% C=0.65%* Cg=0.58*
Nutritive value: IMF, protein content Rc2= 45% Rc2= 42% Rc2= 34%
Sensory value: tenderness,jqiginess, Cy= 0.87%* Cp=0.83* Cp=0.97%*
flavour, colqur, fat perceptibility, R=76% Re2= 69% R2=94%
general quality
. Cr=0.62%* Cr=0.66** Cg=0.70%*
Drip loss from 24 to 144h postmortem R2=38% RC2= 44% RC2= 49%
Purge from MAP packed meat Cr=0.58* Cr=0.63%* Cr=0.66**
(from 24 to 144h post-mortem) Rc*=34% R¢*=40% R&*= 44%
Purge from VAC packed meat Cr=0.58** Cr=0.54* Cg=0.72%%*
(from 24 to 144h post-mortem) R*=34% Rc*=29% R*=52%
. Cr=0.86** Cr=0.85%* C=0.86**
TY and cooking loss R 74% R= 72% R= 74%
Cr=0.79%** Cr=0.66**
pHys, pHaq, pHag ;c2:62% ;sz 44% -
Cr=0.79** Cr=0.72%*
PHas, pHag, pHos, pHiag Ii{C2:62% &2:52% -
Cr=0.80%** Cr=0.79%**
pHys, pHa4, pHas, pHog, pHiag Rc2=6 4% Rc2=62% -

* - significant statistically at p<0.05, ** - significant statistically at p<0.01




