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SUbsty “Muscles can be differentiated from normal muscles because of their lack of energy -rich
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Q ltth PSE-conditions show a pH. mOlHP below 6.1, DFD muscles pH, values above 6.1. With
tw, ®Tia in mind measuring the pH., and R value
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at the same time enables us to distinguish
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tliq ab) °rmal, PSE- and DFD-meat. A rapid method will be described which allows to detect
nOrmql PSE and DFD- meat within 3-4 minutes.
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Umfangreiche Untersuchungen an Schweine- und Rindermuskeln zeigten, daB -
durch einen Mangel an energiereichen Verbindungen wie Glykogen und ATP vom Normolmalscf unter” drl“
scheiden. Wdhrend der ATP-Gehalt im PSE-~ und DFD-Fleisch schon kurz nach dem Tode des Tieres okte
ist, ist die Konzentration der durch Desaminierung der Adeninnucleotide entstandenen Abbaup*® unde”
IMP und Inosin hoch. Im normalen Muskel hingegen ist die Konzentration an ATP in den ersten 5
pem. hoch, die IMP-Konzentration hingegen niedrig.

IMP/ I ld:
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ATP weist wie alle Adeninnucleotide im UV-Bereich ein Absorptionsmaximum bei 260 nm auf;

g e0
und Hypoxanthin jedoch haben ein Maximum bei 248,5 nm. Als MaB fur die Reinheit von .A,den.l“nucgegebe
an

wie Inosinverbindungen wird das spektrale Vcr%o‘tn-\, (R) der Abso?‘vtlon bei 250 und 260 nm in
Dieses betrdgt bei Adeninnucleotiden 0,78 - 0,80, bei IMP und Inosi ,68 - 1,70, Daher 1 st in
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schlclchtwarmem(normolem Muskel bei hder ATP Konzentration ein niedrigex Wert von R zu erwd® ™ je®
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PSE- und DFD-Fleisch hingegen ein hoher Wert fuUr R. Eine groBe Zahl von Untersuchungen an V€ )Crmﬂle
5 . 5 “ &~ . = PR L
nen Schweine- und Rindermuskeln etwa 60 min p.m. bestdtigen diese Uberlegungen. Somit is?

Muskel von PSE- und DFD-Muskel auf Grund d 0/260 Verhtltnisses zu unterscheiden.

Muskeln mit PSE-Eigenschaften haben einen pH,-Wert<é,1, DFD-Muskeln haben einen p'rl]»-Weft >$ k- v

Mit Hilfe des pH-Wertes und des Verhdltnisses R kann man daher zuverldssig zwischen Normail=s  p1o°
und DFD-Fleisch ur.'tersci‘-eidem Es wird eine Schnellmethode beschrieben, die es gestattet, 9" o
frischen Muskel innerhalb von 3 - 4 Minuten mit hoher Sicherheit zwischen normalem, PSE- un@
Fleisch zu unterscheiden,
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B TeUeHUe 5-4 MUH C OOJBLOi BEDPOFATHOCTBI »




B 6:3

RAP
10 METHOD FOR THE DETECTION OF PSE AND DFD MEAT

Lo, HONIKEL and CHRISTINE FISCHER
‘derul Institute of Meat Research, Dept. of Chemistry and Physics, Kulmbach, Fed.Rep.of Germany

NTRODUCT 100

(szge living muscle cell high-energy compounds such as creatine phosphate, ode?osine triphosphate
C‘ntr’ ?denosine diphosphate (ADP), hexose-phosphates and glycogen are present in well bolcn?ed con=-
! ot%ons, At death of the animal the blood circulation stops and the fupply of the cell with
Mghgyrlch substances and oxygen ceases. Also the removal of th? metabollt?s is interrupted. Thfsl the
gt renergy compounds available at moment of death are used up in the ?ontxnu1?g muscle metabolism,
Q“Wt?te of loss being dependent on several factors such as concentration of hxgh-en?rgy substances,
mortelc factors, stress and environmental conditions. The norwal muscle duflng the flfSt hours post
QSYH:h p:m_) tries to maintain the well balanced ratio espec1ally.of adenine nucleotides. ATP is
"Wreu etized by glycolysis and consequently the level of ATP remains constant.or decreases slowly,
iy S glycogen and hexose-phosphates decrease and lactate and protons are built up. The pH drops
Nmryi from pH 7 to 5.5. Lateron after depletion of glycogen a l?ss of 6TP occurs. ATP is dephos-
to 3 Oyed to ADP and adenosine monophosphate (AMP), the lotter is deowxnated qu%te instantaneously
o in°s}"e monophosphate (IMP). During further storage of muscle, IMP is enzymotxcully'transforme?
©8ine and finally to hypoxanthine. In general, the postmortem breakdown of adenosine nucleotides
in typ°X0nthine derivatives takes about 12 to 24 hours in normal muscle. This change has been reported
® literatyre as a method for determining the state of rigor mortis (1,2).
oViges
m&l:tlonf from the normal time slope of postmortem changes can be observed quite often in porcine
of ppometimes also in bovine muscles. So, PSE muscle shows already 45 minutes p.m. very low levels
thedifﬁnd glycogen and low pH, values but elevated levels of IMP and loctate. After 24 hours p.m.
4 lerences between PSE uné normal meat are not significant with regard to those compounds and
e ¢4 © 1). On the other hand, in DFD muscles 45 min. p.m. low levels of ATP, glycogen and lactate
lowgr Y"d combined with high pH, volues. 24 hours p.m. the pH is higher and the level of lactate
than in normal muscle (table 1). There exists a highly significant correlation between pH1

AE -
! table 1 08
erq
Dorcige Nucleotide and Derivatives Concentrations in
¢ muscle at times p.m. (3)
06 |
Mue | concentrations pMol/g meat
. 80o
tlde normal PSE DFD i
\\“-\§__ 1 hour | 24 hours | 1 hour 1 hour
ATp —— 04
ADp 3-5 10-0.2 | 0-0.60 0 - 1.05
Ap 1-2,5/0.8-1.5 | 0.96-1.10 | 0.70-1.40 |
I4p 0.5-1.0] 0.2-0.5 0.04-0.30 0.13-0.45 o,zL
thogg 1-3 |6-8 4.40-7.10 | 2.30-5.10
Ne -
hypo 0.5-1 1.5-3 0.35-1.15 1.15-2.00
Nt ng 0.2-0.3| 0.5-1.0 | 0.10-0.20 | 0.10-0.45 g e g T
A i
) 4.5-8.5( 1.0-2.2 | 1.0-2.0 0.83-2.90
fig.1 UV-absorption spectra of muscle
\\\\~\\§“~ 1.7-4.3] 8 - 12 4i5deg. 45 3.38+7.55 extracts with perchloric acid in porcine
u) muscle 45 min. p.m. A Beckman spectro-
Sum of aden; A photometer DB-G waos used with phosphate-~
%) 1S oneleotides buffer as reference in 10 mm kuvettes.
e -5 &
of IMp, inosine and hypoxanthine Curve 1: 2.5 x 10 "M ATP + 2.5 x 10 ? IMP

in 0.1 M phosphate buffer pH 7.0. Curve 2:
Extract with perchloric acid of normal pig
muscle (M.long.dorsi) pH,=6.3, R=0.84.
Curve 3: Extract of PSE muscle from pig
(M.long.dorsi) pH,=5.55, R=1.30
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and PSE conditions of pork (watery, pale), but not between pH, and DFD conditions of meat (dry,
because both muscle types, DFD and normal, show high pH1 values. However, between the ATP and IMP
level and pork quality (PSE and DFD) a highly significant correlation exists (3) because in both
muscle types, PSE and DFD, the breakdown of ATP to IMP occurs much faster than in normal muscle.
Consequently for objective quality evaluation a fast and simple method for the detection of this h
transformation would be highly desirable. But the usual chromatographic or enzymatic methods fof
determination of ATP and/or IMP are too time consuming. However, the change in the W absorbance .
occuring during the deamination of the adenine moiety p.m. can be used as an easy and reliable ob)®
tive method for differentiation between normal meat and PSE or DFD meat.

dar”

249 M

All adenine nucleotides show an absorption maximum at 259 - 260 nm, IMP ond inosine at 248.5 - 1
in

and hypoxanthine at 250 nm. The ratio of absorbance at 250 and 260 nm is used in commercial pur
preparations as a reference for purity. This ratio amounts to 0.78 - 0.80 for adenine nucleotide®’
to 1.68 - 1.70 for IMP and inosine and to 1.32 for hypoxanthine. In normal prerigor muscle with 2
.high content of adenine nucleotides the 250/260 ratio (called R value furtheron) should be low, l?oM
PSE and DFD meat it should be higher because of its high IMP, inosine and hypoxanthine concentfalcy
(fig. 1). Therefore, a measurement of the R value in an extract of muscle tissue with perchlori
should give a reliable information on meat quality, because between 250 and 260 nm no other acid-
soluble compounds of muscle tissue absorb to a noteworthy extent.

MATERIALS AND METHODS
Pig carcasses (German Landrace) of about 100 kg weight and both sexes were randomly selected, 52 s;M
les of M. semimg&brunaceus and M. longissimus dorsi were removed between 40 and 45 min. p.m. The P
was measured immiately. The muscle samples were divided into 4 parts. One was frozen at once in amg
vacuum sealed bag at -20°C for the enzymatic assay of ATP (4), the second one was used for measv’’
the waterbinding capacity (WBC) according to Grau-Hamm (5) within the next 15 minutes. In the th;‘
part the R value was determined at the same time. Finally a sample was vacuum packed and store
24 hours at + 4 %o + 8°C for the pH measurement at 24 hours p.m.

if
Cattle carcasses (Fleckvieh, weight 400 - 450 kg) of both sexes were randomly selected in the abat?’
over several weeks and investigated in the same way as reported for pig carcasses. 62 samples Ofb'
M.semimembranaceus, M. obturator internus, M. psoas major, M. sternomandibularis and diaphragm v
tained within 45 min. to 1 hour p.m. were studied.

Preparation of the samples

By extraction of meat with perchloric acid in a homogenizer proteins and nucleic acids are Pfef;s;-
tated whereas nucleotides and other low molecular compounds are dissolved. The following centri’ ”
tion or filtration leads to a clear solution which contains besides nucleotides, inosine and hypov
xanthine only inorganic salts, some vitamins, peptides and amino acids. These latter compounds sith
little or no absorbance at 250 - 260 nm, as illustraoted in fig. 1 (compare the shape of curve m”i
curves 2 aond 3); therefore, nucleotides can be detected quite easy without interference. 1= 7z
are homogenized thoroughly with 5 - 10 ml 1M perchloric acid in a "Buhler Homogenisator" for 30
The homogenate is filtrated, 0.1 ml of the filtrate is diluted into 4.9 ml 0.1M phosphate puffer
pH 7.0. The absorption at 250 and 260 nm is measured with phosphate buffer as reference and the
R value is calculated. The procedure from receiving the meat until the evaluation of the result
takes 3 - 4 minutes.

RESULTS AND DISCUSSION

1) Studies on porcine muscle e

pH., pH,, and WBC were used as parameters for differentiation between normal, PSE and DFD meﬂt’alﬂ'
parametérs were then related to the ATP concentration and the ratio R in order to evaluate the r57&
bility of the R value as a quality index (fig.2). For normal meat pH, was above 5.9, pH 4 belo¥

WBC was below 5 cm” loose water/0.3 g muscle; in PSE muscles pH, was below 5.9, pH befow 5'6’an
WBC above 5 cm“ loose water/0.3 g of muscle; in DFD muscles pH1 was above 5.95, pH24 no more th

0.1 pH units different from pH1 and above 5.85.

nd
Fig. 2 below shows that all samples of normal meat had an ATP concentration above 1 pMol ATP/iT;/g

except 1 sample pH above 5.9. All PSE muscles were below pH 5.9 except 1 and below 1 pMol
meat. DFD muscles showed values above 5.95 and ATP concentrations below 1.2 pMol ATP/g. Plottlgi
the R value against the pH (fig. 2 upper part) separated normal, PSE and DFD meat very well. 10-
normal muscle samples exhibited R values below 1.05, all PSE and DFD samples R values above 1+
PSE and DFD muscles are well separated by their pH1 value.
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and meat quality in porcine muscle.

my
n :Cte samples from pig carcasses removed 45 min. p.m. The muscles studied are reported
in 4 ™ f?Xt- The limits of ATP concentration, R, pH, of the three meat qualities are drawn
igures, (x) normal-, (@) PSE-, (&) DFD-meat.

?ngthz gelOW.shows the relation of the pH. values and the WBC. Whereas the pH, separates PSE

Nterq Ne side and DFD and normal on the other side, the WBC of all three muscles conditions

The ¥e somewhat with each other. The same is true for plotting R with the WBC (fig. 3 upper part).
They, :Olue separates normal from PSE and DFD, but DFD and PSE samples interfere with each other.
QUulityre only pH. and ATP concentration or R value allow a clear differentiation of the three
meusuri classes 0¥ meat. The evaluation of the ATP concentration, however is time consuming while

"9 the R value is easy and fast.
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Fig. 5: Frequency of normal and PSE bovine
muscles plotted vs. R. The muscles studied
are reported in the text.
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Fig. 6: Relation of ATP concentration, pH],
R values and meat quality in bovine
muscle. Fig. 7: Relation of R, pH], wBC and
meat quality in bovine muscle.

Muscle samples from cattle carcasses were removed 45 min. to 1 hour after death. The muscles
studied are reported in the text. The limits of ATP concentrations, R values and pH of the mgﬁ'
normal and PSE muscles are drawn in the figures for better understanding. (x) normoi, (®) pSE £he
52 muscle samnles have been studied, 27 of them were normal with o R value below 1.05 (fig- 1%@
main part of them being below 0.90. 20 samples exhibited PSE conditions with R values above
5 DFD muscles were found. All R values were above 1.15.

2) Studies on bovine muscles v
v

56 samples (fig. 5) of the 62 muscles studied exhibited normal meat conditions, 6 muscles, exzr&
ly samples from M. psoas major, showed PSE characteristics. Unfortunately, no DFD muscle
in the moterial studied as yet. All normal samples showed R values in the small range betwee"

and 0.95. PSE muscles were all above 1.10. In Fig. 6 we represent the relation between ATP, Zl
and R volue. In normal beef muscles the ATP concentration is spread over a wide range while 9),TM
corresponding R values are concentrated (fig. 6 upper part) in a narrow range of R (0.8 - * by
values of normal and PSE meat are well separated, while the WBC values can be separated only
additional measuring of pH] (fig. 7)

CONCLUSION pf?

d
150 muscles studied so far showed no runaoway between R values and meat quality. Normal, pSE gn t%ﬂ
muscles can be reliably differentiated within 3 - 4 min. by meosuring the R value together Vin deﬁ
pH in the first hour after death. In meat research this method might replace the time Consuminwﬁ
mination of ATP and/or IMP for screening tests.But the procedure might be also of eCOnomlcafore
because the objective evaluation of meat quality allows the elimination of abnormal meat °€
processing.
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