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*t6|
«rid bFD^6 s^uĉ«-es on porcine and bovine muscle showed that within a few minutes after death PSE- 
H st0 ~muscles can be differentiated from normal muscles because of their lack of energy -rich 
îgh cnCes like glycogen and ATP. Whereas PSE- and DFD muscles contain only low amounts of ATP, 
^ l 6o+?Centrations of IMP and inosine are observed, which are formed by deamination of adenine 
“«d  ̂ \ es* In contrast normal muscles contain high levels ofiATP, but low concentrations of IMP 

°sine.

ATP likelr,°sir\« the other adenine nucleotides exhibits a maximum of absorbance at 260 nm; IMP,
«b:Sorlj an<̂ hypoxanthine show their maximum of absorbance at 248.5 nm. The ratio (R) of the

250 and 260 nm are commonly used as an index for purity in commercial available 
inosine nucleotide preparations. This ratio amounts to 0.78 - 0.80 for adenine 

Ss, ratios of 1.68 and 1.70 are measured for IMP and inosine. Therefore in normal meatk n oft
6 sl°u9hter the R value should be low, whereas in PSE- and DFD-meat high R values can
nfir^t6d* * " "  . . . . .

«fie k_ these considerations. Therefore it is possible to distinguish between normal meat on

He
6°tide

rv PSCteH , 3 c ^ ' --  . , , .»«firm " A  considerable amount of investigations on different porcine and bovine muscles
ne hand Qnd PSE_ anc| DFD-meat on the other hand on the basis of its R value.
s«l6s
e«e c *th PSE-conditions show a pH^ value below 6.1, DFD muscles pH^ values above 6.1. With 

6ria in mind measuring the pH. and R value at the same time enables us to distinguish
ê -iabl_y °rmat/ PSE- and DFD-meat. A rapid method will be described which allows to detect 

y normal, PSE and DFD- meat within 3-4 minutes.

-£APlpE POUR LA RECONNAISSANCE DE VIANDE PSE ET DFD

*ARL 0. HONIKEL
> t r

et CHRISTINE FISCHER
u '•ï‘6 fv 1,
^boch de Recherches sur les Viandes, Institut de Chimie et de Physique

' Allemagne fédérale
ûç
PsE °^reu

«te09èneuPrè

Se difŜ S ®̂ -uĉes effectuées sur des muscles de boeuf et de porc ont montré que la viande DFD et 
n erenciait de la viande normale par un
l^e et 1'ATP. Les viandes DFD et PSE se caractérisent par un faible taux d'ATP peu de temps

une déficience en composés énergétiques tels que le

«o.
la çj. roort et par une concentration élevée en IMP et inosine, produits de dégradation provenant 
“tte ^  ^loation des adeninenucléotides. Dans le muscle normal, la concentration en ATP est par-

l
l'i
'Aîp

evée pendant les premières heures post mortem et la concentration en IMP est faible.

nlĴri0sino 'T:̂ e tous les adeninenucléotides un maximum d'absorption dans l'UV et ce â 260 nm; 1 IMP,
à ,'Sotld ^'hypoxanthine ont eux leur maximum â 248,5 nm. Comme mesure de la pureté des adenine- 

^  ®t des rnmnneoc înncînimiAc nous avons retenu le raoDort spectral (R) de l'absorption

ke - “ - . . c .  u e  ce  t o it  u  to u x  s u u e iu u t ;  u u u u v c i  une .. -------- -----  —
°°ar iUde contenant beaucoup d'ATP et s'attendre inversement â une trouver une valeur élevée 
eut 6s viandes PSE et DFD. Un grand nombre d'examens effectués sur divers muscles de porc et

%  ' ®t !>• nm' raPPort est de 0,78 - 0,80 pour les adêninenuclêotides, de 1,68 - 1,70 pour 
dg ^le ,k.ln°sinet De ce fait il faut s'attendre â trouver une faible valeur de R dans une viande
dû ?
Sg b°euf ‘ C5 viandes PSE et DFD. Un grand ----
* bQ nviron 60 minutes après la mort confirme ces considérations. On peut donc différencier 

L  Se du raPport 250/260 le muscle normal du muscle DFD-PSE.
»5 N i

S‘>
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A d tendance PSE ont une valeur de p H < 6 ,l, les muscles DFD ont une valeur de pH supérieure
Qirlcx -i x . .. . .  .  ̂ . r • -i  j. r  •  J : r rs.________4.—d e nor Qlde de la valeur pH et du rapport R, on peut facilement faire la différence entre u 

4 "fin,,T1®' une viande DFD et une viande PSE. La méthode rapide décrite permet en l’espace
viMinute

SE et une viande DFD.

ne
de

Qn-de s de faire sur le muscle juste après l’abattage la différence entre une viande normale,
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• gCh
Umfangreiche Untersuchungen an Schweine- und Rindermuskeln zeigten, daß sich PSE- und DFD-Flel 
durch einen Mangel an energiereichen Verbindungen wie Glykogen und ATP vom Normalfleisch unter' jfjj 
scheiden. Während der ATP-Gehalt im PSE- und DFD-Fleisch schon kurz nach dem Tode des Tieres 
ist, ist die Konzentration der durch Desaminierung der Adeninnucleotide entstandenen Abbaupr® ien 
IMP und Inosin hoch. Im normalen Muskel hingegen ist die Konzentration an ATP in den ersten " 
p.m. hoch, die IMP-Konzentration hingegen niedrig.

jrio5*'1
ATP weist wie alle Adeninnucleotide im UV-Bereich ein Absorptionsmaximum bei 260 nm auf; ,g0ii^ 
und Hypoxanthin jedoch haben ein Maximum bei 248,5 nm. Als Maß für die Reinheit von Adeninnu® pf" 
wie Inosinverbindungen wird das spektrale Verhältnis (R) der Absorption bei 250 und 260 nm ar9.n 
Dieses beträgt bei Adeninnucleotiden 0,78 - 0,80, bei IMP und Inosin 1,68 - 1,70. Daher ist ;n 
schlachtwarmem, normalem Muskel bei heber ATP Konzentration ein niedriger Wert von R zu erwart®'1'^*' 
PSE- und DFD-Fleisch hingegen ein hoher Wert für R. Eine große Zahl von Untersuchungen an vreI’ŝ rII,fllei 
nen Schweine- und Rindermuskeln etwa- 60 min p.m. bestätigen diese Überlegungen. Somit ist 11 
Muskel von PSE- und DFD-Muskel auf Grund des 250/260 Verhältnisses zu unterscheiden.

Muskeln mit PSE-Eigenschaften haben einen p^-Wert < 6 ,1, DFD-Muskeln haben einen pH.. -Wert >
Mit Hilfe des pH-Wertes und des Verhältnisses R kann man daher zuverlässig zwischen Normal"' u]0c
und DFD-Fleisch unterscheiden. Es wird eine Schnellmethode beschrieben, die es gestattet, 
frischen Muskel innerhalb von 3 - 4  Minuten mit hoher Sicherheit zwischen normalem, PSE- und 
Fleisch zu unterscheiden.

pfD'

CKOPOCTHOii METü/j, /J.JIH PASaEJIEHM PSE n DFD MHC

Kapji 0.PoHfiiKejiL h KpMCTHHa <taep

'■ieÄepajiBHhiM MHCTWTyT Mflca -  OTaeJi $ü 3mkk m Ahmhm , KyjiBMdax « . P . r .

üMporaie HCJieÄOBaHßH MycxyaoB cbhhhhh  h bobh ah h u  rioKa3HBaioT, hto  pse h dfd use8 0ff
’ rjiü14

OTJiH^aioTCH OT HopiiajiBHoro MHca OTcyTCBüeM ö'oraTbix 3HepreTH^ecKMx coeawHeHHii, KaK f öi
n ATP. B TO BpeMH, KaK coaepiKaHae ATP s p s e  m d f d  Mflce BCKope nocae yöon jkhboth0^0

KOHiieHTpauHH npouyicTOB, oöpa30BaHHnx ae3aMKHaiuHeü aasHMHHyKJieoTMAOB KaK IMP m mho3
n 0°*BbicoKan. B HopMäJiBHbix MycKyjiHx npoTHBiiojioKHocTH, KOHßeHTpauHH ATP b nepBHX aacax 

yöon BticoKaa, ho KOHiieHTpaiiH IMP HH3KaH.
ATP yxa3biBaeT b u v  -  aacTM cneKTpa MaKCHMyM adcopdaHRn, np« 260 nm , KaK w Bce 

aaeHHHHyKjieoTHaii, IMP , hhosmh m rapoKcaHTHH MMeBT npu 248,5 nm . llepoii m i c T O i t i  

HyKJieoTHflOB m coeflHHeHHM HH03HHa ecTB cneKTpajiBHaa 3aBHCHuocT£ aÖcopöaHUH /R / npl1 ̂  

260 nm . dTa 3aBHCMM0CT£ aaitmouaeTCH aan aaeHMHHyKjieoTnaoB /Ü,78-0,80/ a H
' ' V ,/1,68-1,70 /. fiOTOMy H ajo  OHMaaTB nn3Koro 3HaaeHiiH R b Tenjitix HopiviaaBHUx MycKŷ ^

yöon: b pse h dfd mhco HanpoTMB dojitmoro 3Hâ eHHH R . EojiLiuoe hhcjio H3 CJieaoBaHK*'1 ^  
JiHMHhix CBHHbix m roBaKBwx MycKyjiHx, OKOJio 60 nocae ydoH noTBepacaaiOT sth  o®iaaillia*  ̂
COdOM MOJÄHO paSJMUHTB HOpMajIBHhli'l MyCKyjI C PSE H DFD MyCKyjIOB, HO 0CH0B6 OTHOlIß̂  ̂ , ¡¡¡1 

MyCKyjIH PSE KaMGCTBaMH HMeiOT pH>6,1 DFD MyCKyjIH HMeiOT pH<6,1 
H COOTHOmeHMH R

C noMomtio oue '
MOJKHO yBepeHHO pa3JIHtiHTB uescay HOpMajIBHHM.PSE H DFD MHCOU. °nilC' Q 

cKopocTHoü MeToa no3Bajraioiimii pa3jmqnT£ HopMasBiioe PSE h dfd MHca b  e s e se  ydHiüX ö  

3 TeUeHHe 3-4 MMH C dOJIBEOÜ BepOHTHOCTBJO.
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^ oduction

(ATp'J* muscle cell high-energy compounds such as creatine phosphate, adenosine triphosphate
c«nt ?denosin® diphosphate (ADP), hexose-phosphates and glycogen are present in well balanced con- 
srigrtati°ns. At death of the animal the blood circulation stops and the supply of the cell with 
hig 9̂yr^ch substances and oxygen ceases. Also the removal of the metabolites is interrupted. Thus, the 
the 6fler9y compounds available at moment of death are used up in the continuing muscle metabolism, 
g6 n ^oss being dependent on several factors such as concentration of high-energy substances, 
m0rt lc factors, stress and environmental conditions. The normal muscle during the first hours post 
resy6+k *ries to maintain the well balanced ratio especially of adenine nucleotides. ATP is

®tized by glycolysis and consequently the level of ATP remains constant or decreases slowly, 
slowi S glycogen and hexose-phosphates decrease and lactate and protons are built up. The pH drops 
Ph0t f ^rom pH 7 to 5.5. Lateron after depletion of glycogen a loss of ATP occurs. ATP is dephos- 
t0 °*«d to ADP and adenosine monophosphate (AMP), the latter is deaminated quite instantaneously 
to monophosphate (IMP). During further storage of muscle, IMP is enzymatically transformed
to Sln® and finally to hypoxanthine. In general, the postmortem breakdown of adenosine nucleotides 
in t^Pox°nthine derivatives takes about 12 to 24 hours in normal muscle. This change has been reported 

® literature as a method for determining the state of rigor mortis (1,2).
°®vi0f
®hd s l0t1s from the normal time slope of postmortem changes can be observed quite often in porcine 
of ATp1* * ^ 11168 also in bovine muscles. So, PSE muscle shows already 45 minutes p.m. very low levels 
fh« diff0  ̂ Qlycogen and low pH., values but elevated levels of IMP and lactate. After 24 hours p.m.
PH (tQblerences between PSE and normal meat are not significant with regard to those compounds and 
°ie ® !)• On the other hand, in DFD muscles 45 min. p.m. low levels of ATP, glycogen and lactate 
lt>Wgr c°mbined with high pH., values. 24 hours p.m. the pH is higher and the level of lactate 

an in normal muscle (table 1). There exists a highly significant correlation between pH^

Av,
Porc^9e ^Ucleotide and Derivatives Concentrations in 
^  6 miJscle at times p.m. (3)

table 1

5om

concentrations pMol/g meat
Ude no

1 hour
rmal
24 hours

PSE 
1 hour

DFD 
1 hour

Aûp 3 - 5 0 - 0 .2 0 - 0.60 0 - 1.05

Ahp 1 - 2.5 0 .8-1.5 0.96-1.10 0.70-1.40

iHp 0 .5-1.0 0 .2-0 .5 0.04-0.30 0.13-0.45

in°sine
1 - 3 6 - 8 4.40-7.10 2.30-5.10

V̂po-. 0.5-1 1.5-3 0.35-1.15 1.15-2.00
0 .2-0 .3 0.5-1.0 0 .10-0 .2 0 0.10-0.45

i*>) 4.5-8.5 1.0-2 .2 1.0-2 .0 0.83-2.90

7)
1.7-4.3 8 - 1 2 4.85-8.45 3.55-7.55

b) * adenine nucleotides

°f IMP. inosine and hypoxanthine

fig.1 UV-absorption spectra of muscle 
extracts with perchloric acid in porcine 
muscle 45 min. p.m. A Beckman spectro­
photometer DB-G was used with phosphate- 
buffer as reference in 10 mm kuvettes.
Curve 1: 2.5 x 10_5M ATP + 2.5 x 10- 5  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



B6:4
cjoî

and PSE conditions of pork (watery, pale), but not between pH1 and DFD conditions of meat (dry, p 
because both muscle types, DFD ond normal, show high ph^ values. However, between the ATP and 1 
level and pork quality (PSE and DFD) a highly significant correlation exists (3) because in bot 
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 thr* ^  
transformation would be highly desirable. But the usual chromatographic or enzymatic methods f°r 
determination of ATP and/or IMP are too time consuming. However, the change in the UV absorbance  ̂
occuring during the deamination of the adenine moiety p.m. can be used os an easy and reliable a 
tive method for differentiation between normal meat ond PSE or DFD meat.

2 49 n«1
All adenine nucleotides show on absorption maximum at 259 - 260 nm, IMP and inosine at 248.5 - ^  
and hypoxanthine at 250 nm. The ratio of absorbance at 250 and 260 nm is used in commercial p« *1 
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 
high content of adenine nucleotides the 250/260 ratio (colled R value furtheron) should be low,
PSE and DFD meat it should be higher because of its high IMP, inosine and hypoxanthine concentre ^  
(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 aci 
soluble compounds of muscle tissue absorb to a noteworthy extent.

MATERIALS AND METHODS
s0«r

uri^

rn
Pig carcasses (German Londroce) of about 100 kg weight ond both sexes were randomly selected, 
les of M. semimembranaceus and M. longissimus dorsi were removed between 40 and 45 min. p.m. ■ n 
was measured immiately. The muscle samples were divided into 4 parts. One was frozen at once 
vacuum sealed bag at -20°C for the enzymatic assay of ATP (4), the second one was used for mea*ĵ jd 
the waterbinding capacity (WBC) according to Grau—Hamm (5) within the next 15 minutes. In the 
part the R value was determined ot the same time. Finally a sample was vacuum packed and store 
24 hours at + 4 °to + 8°C for the pH measurement at 24 hours p.m.

, Otto*
Cattle carcasses (Fleckvieh, weight 400 - 450 kg) of both sexes were randomly selected in the a 
over several weeks and investigated in the same way as reported for pig carcasses. 62 samples ° ^

M.semimembranaceus, M. obturator internus, M. psoas major, M. sternomandibularis and diaphragm 
tained within 45 min. to 1 hour p.m. were studied.

Preparation of the sample s
e d P 1'By extraction of meat with perchloric acid in a homogenizer proteins and nucleic acids are P* p  

tated whereas nucleotides and other low molecular compounds are dissolved. The following cen 
tion or filtration leads to a clear solution which contains besides nucleotides, inosine and 
xanthine only inorganic salts, some vitamins, peptides and amino acids. These latter compounds^ 
little or no absorbance at 250 - 260 nm, as illustrated in fig. 1 (compare the shape of curve^  ̂
curves 2 and 3 ); therefore, nucleotides can be detected quite easy without interference. 1 - sgc  
are homogenized thoroughly with 5 - 10 ml 1M perchloric acid in a "Buhler Homogenisator" for 
The homogenate is filtrated, 0.1 ml of the filtrate is diluted into 4.9 ml 0.1M phosphate bu 
pH 7.0. The absorption at 250 and 260 nm is measured with phosphate buffer as reference and 
R value is calculated. The procedure from receiving the meat until the evaluation of the resu 
takes 3 - 4  minutes.

Th«s
it'

RESULTS AND DI5CUSSI0N

1) Studies on porcine muscle
pH , pH- and WBC were used as parameters for differentiation between normal, PSE and DFD me°t'fil>1 
parameters were then related to the ATP concentration and the ratio R in order to evaluate^e^ 5-̂ ' 
bility of the R value as a quality index (fig.2). For normal meat p ^  was above 5.9, " u‘

WBC was below § cm2 loose water/0.3 g muscle; in PSE muscles pH1 was below 5.9, pH24
pH24 b:irbelow 5«^
no more tho”

ATP/0

WBC above 5 cm2 loose water/0.3 g of muscle; in DFD muscles p ^  was above 5.95, pH24 
0.1 pH units different from pH^ and above 5.85.

Fig. 2 below shows that all samples of normal meat had an ATP concentration above 1 pMol .
except 1 sample pH above 5.9. All PSE muscles were below pH 5.9 except 1 and below 1 pMo g 
meat. DFD muscles showed values above 5.95 and ATP concentrations below 1.2 pMol ATP/g. Plot ^  
the R value against the pH (fig. 2 upper part) separated normal, PSE and DFD meat very well' 
normal muscle samples exhibited R values below 1.05, all PSE and DFD samples R values above 
PSE and DFD muscles are well separated by their pH^ value.

aP°

1. 10-
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'l9. 2• p i . .PH Q‘ l'eJ-°tion between ATP concentration, 1 • K 
^scle.
. R
,1' value and meat quality in porcine

ip ^  ie samples from pig carcasses removed 45 min. 
in -tu* *®xt. The limits of ATP concentration, R, pH. 

6 figures, (x) normal-, (•) PSE-, (A) DFD-meat.

fig. 3: Relation between R, pH^ and WBC 
and meat quality in porcine muscle.

p.m. The muscles studied are reported 
of the three meat qualities are drawn

hl9. 3 
°n the below shows the relation of 

and DFD and normal
the pH. values and the WBC. Whereas the pH1 separates PSE 
on the other side, the WBC of all three muscles conditionsipterr °ne side ______  __  _____  .

a ere somewhat with each other. The same is true for plotting R with the WBC (fig. 3 upper part). 
K value

TheTheref separates normal from PSE and DFD, but DFD and PSE samples interfere with each other.
9uaUt° -  only pH. and ATP concentration or R value allow a clear differentiation of the three 
#l®asuri Classes °f meat. The evaluation of the ATP concentration, however is time consuming while 

n9 the R value is easy and fast.

Anzahl

4- F
Ncl.; tePuency of normal, PSE and DFD 
+^4 * 6 ^usclr0m pf9 carcasses plotted vs. R.
®*t. 6s studied are reported in the

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^ , 
meat quality in bovine muscle.

WBC and

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 c tie* 
normal and PSE muscles are drawn in the figures for better understanding, (x) normal, (•)
52 muscle samoles have been studied, 27 of them were normal with a R value below 1.05 (fi9*
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
56 samples (fig. 5) of the 62 muscles studied exhibited normal meat conditions, 6 m u s c l e s , uft0 
ly samples from M. psoas major, showed PSE characteristics. Unfortunately, no DFD muscles 
in the material studied as yet. All normal samples showed R values in the small range betw 
and 0.95. PSE muscles were all above 1.10. In Fig. 6 we represent the relation between AT - 
and R value. In normal beef muscles the ATP concentration is spread over a wide range whi * T
corresponding R values are concentrated (fig. 6 upper port) in a narrow range of R (0 .8  - *
values of normal and PSE meat are well separated, while the WBC values can be separated on 
additional measuring of pH^ (fig. 7)

CONCLUSION

by

j o$ 
°nd td»150 muscles studied so far showed no runaway between R values and meat quality. Normal, 

muscles can be reliably differentiated within 3 - 4  min. by measuring the R value together^,^ 
pH in the first hour after death. In meat research this method might replace the time c0Cs i jnte 
mination of ATP and/or IMP for screening tests. But the procedure might be also of economic^^ 
because the objective evaluation of meat quality allows the elimination of abnormal meat 
processing.
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