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ii^RCDUCTION
occurrence of PSE meat /pale, soft, exudative/ causes considerable problems in meat 

6chnology. This meat has an atypical course of ripening and has unsuitable technological 
j°Perties leading to economic losses. The incidence of PSE meat is governed by genetic 
®ctors and Intensive fattening of animals. The disadvantage in question concerns mainly the 

Important carcass element, longissimus dorsi, and some of ham muscles.
*ne pse meat differs from normal by its lighter, pale colour, very small water holding capa- 
oty after the slaughter, and nonadherent, soft structure. All these features considerably 
pj~®it the technological usefulness of PSE meat.
'®st identification processed meat would allow to avoid many losses caused by decreased 
^Ilciency of products. The PSE meat may be identified by various methods. They are based 
meat colour /Janicki et al. 1967/, amount of bound water /Grau and Hamm, 1952/, Hart's

Pin
»te

®t /Hart, 1962/, hardness and consistence /Briskey et al.f 1962/, solubilization of muscle 
°teins /Bendal and Wismer - Pedersen, 1962/, ATP to IMP ratio /Fischer and Augustini, 1977/ 

However, as these methods are time - and - labour - consuming and sometimes insuffi- 
jierrtly accurate, they are not applicable when fast and simple assays are required.
~ - most widely used method of detecting the watery structure of muscle seems to be pH 
j^asurement about 45 minutes after slaughter /Briskey and Wismer - Pedersen, 1961/.
VaYever, in recent times many authors have held the opinion that the measurement of that 
g®lue does not always suffice to classify watery„and normal pork /Blendl and Puff, 1978; 
4 **on, 1980; Lengerken and Hannerback, 1979; Pfutzner and Fialik, 1982/.
J“ far as the authors know, there has been little research done on muscles using pulsed 
jJ^lear magnetic resonance /Renou at al. 1984; Tornberg E, Nerbrink ". 1985/.

't®ohnique, however, has been used to fat /Madison and Hill, 1978/, protein /Tipping,
Pup bright, 1980/ and HpO content determination /Weisser, 1980; Brosio, 1982/. Pulsed 
i^lear magnetic resonance studies have been done as well to differentiate normal and patho- 
c?8icai tissues /Adamski at al. 1983; Koutscher at al. 1978/ and to follow the post mortem
ln®hges /Chang at al. 
>>. this work the autlhorimai,

1976/.
work the authors would like to find out wheter pulsed NMR could be used to identify 
intermediate and watery pork of longissimus dorsi.

^ E R U L _ A f D _ M E T H O D S
jj?st were made after 2, 24, 48 h o w s  after slaughter on longissimus dorsi originating from 
SI,8s of go _ 110 kg. About 45 minutes later, pH. of the carcass examined was measured using 
0f *■ meter of N 5111 type /KERA - ELWRO/. Musclé classification was performed on the basis 
Uo PH measurements and R values /ATP/IMP/. Using the following criteria; pH > 6.3 - normal 
/p°tles 6.3 > pH > 6.0 - intermediate watery muscles /IPSE/, and pH <  6.0 - watery muscles

” The “u s d ®  samples were extracted from between the 9 th at 11 th rib. From each muscle 
^mpies weighing 500 mg were collected. The samples were transfered in closed test - tubes 
% IR‘i77 K to NMR laboratory. The measurements of relaxation times were performed on a pulsed 
fp spectrometer operating at 27 MHz. In our research we utilized the absorption of radio- 
fluency waves by the proton magnetic moments in the static magnetic field. The relaxation 

/g®® T. /spin-lattice/ was determined by 1 8 0 -  T  - 90 method, and the relaxation time T2 
SggiJMpin/ by Carr - Purcell - Meiboom - Gill method. The measurements were carried out at 
df. “ 1 K and stabilized by continuous nitrogen flow. Because of small /less then 5 %/
Ih +Ürences between relaxation times for samples of the same muscle, results were averaged. 

w°rk the fallowing simple arithmetic formula which allows to compare, in the same
e> all deviations from mean normal values for examined samples was used:

/T 1i T ir/ 2N' /1/

*h,
' 1 N l2N

ei>e; T1 2i are relaxation times T 1 and T2 of particular samples, respectively, and T 1>2N
Riean relaxation times T and T2 of normal muscle, respectively.

are the equal of mean relaxation times of normal muscle then 
0 states a deviation from normal values of T^

/1/ allows for simultaneous comparison of relaxation time differences between sample 
Of 5®®®n values in the same scale. It is a useful approach if we recall that T 1 is of order

■‘-a 7» x eiaxoiLioii L-Liueo a u u  xo UU1 uia
Q „ 1 and T_ of studied sample are the equal 
ahd ^ ' Lue will be zero. Every Q greater than

ms and T. of 40 ms in studied muscle.
■I he y ,  "* ̂ measurements of relaxation time T^ and T in longissimus dorsi samples, done
ioj. Urs after slaughter are shown in Fig 3 and 4, respectively. The mean values of T. and 

sbudied muscles at various time intervals after slaughter are presented in Figs 1 and 2. 
SiJ* 5 shows distribution of Q values calculated for relaxation times measured 2 hours after 
b e t t e r .  Table 1 presents the mean values of T 1t T2 and Q, whereas table 2 the differences 

#eb and T 2 of the examined muscles.
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t a b u : 1
Mean values of T T2 and Q fo r  th e  sam ples 2 hours a f t e r  s la u g h te r

r tI Type of muscle I pH,, ¡/mi/
b — — ~— — — — — 4— —I NORMAL ' "
! IPSE Î 6.0-6.3 l 603I I . „ _ II PSE

N } S-D
T
j t - S

j_----- j— --------1----------
j pH > 6 .3  | 633 { 21 I 0 .0 2  } -

| 17 ! 0 .0 2  I x x

T / ! g /  S 11-3 ?

_____________î
î r |
\ s j) ! t-s |
1 — H

2 9 .0  { 0 .0 0 4  j -  ! 0 ,1 4 6  ! 0 .0 7  j -
2 5 .7  | 0 .003  j x | 0.157  j 0 .0 9  j nS j

S x  x I 0 .2 7 0  Î 0 .0 6  ¡x X jj | yj * WO

N -  number o f  c a s e s ;  SD -  stan d ard  d e v ia t io n ; Q -  v a lu e  was c a lc u la t e d  a cco rd in g  to  formula 
t - s  -  r e s u l t s  o f  t-S tu d e n t  t e s t ;  x , x x -  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  a t  0 .0 5  ah 
0.01  l e v e l ;  NS -  d i f f e r e n c e s  s t a t i s t i c a l l y  non -  s i g n i f i c a n t .
TABLE 2 f
D if fe r e n c e s  in  r e la x a t io n  tim e s o f  examined m u sc le s. T. 2, ~ r e la x a t io n  tim es T., and T2 01 
s tu d ie d  sam p les; T. 2N -  mean r e la x a t io n  tim e s T 1 and T£ o f  normal m u scles; Q -  v a lu e  was 
c a lc u la t e d  acco rd in g  to  form ula / 1 /
■— 1——————————T --------

..j 1 — 7—

Type of muscle | time after slaughter j T ^ “  T1N^1N 1 T2 i  “  T2N/,’r 2N 1 Q

_ r —  ’ 2 0 .0 2 0 11 0 .126 1 0 .146
Normal 24 1 0 .033 11 0 .075 1 0 .105

i 48 11 0.045 1 0.131 1
I 0 .177

2 j 0.047 11 0 .1 1 4 1
I 0 .157

IPSE 1 24 1 0 .0 4 9 1 0.021 1| 0 .1 1 0
11 48 0 .054 11 0 .107

__ 4__
0.155

- r --------i 2 0 .0 9 8 T" 0.121 i Ö.270
PSE i 24 11 0 .126 i 0 .083 1 0 .210

ii—j. 48 0 .116 i . 0.062 1
___1—

0.241
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/ms/
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Fig 2  *  4» hou,s
Relaxation tim e s  T2 of n orm al, P S E  
an d  IPSE m u sc le s  on  t im e  a f te r  
slau gh ter

D ISCUSSION 
T,, v a lu e s

The lo n g e s t  v a lu e s  o f  s p in - l a t t i c e  
r e l a x a t io n  tim e T . were observed  ih  
normal m uscles w ith  pH. g r e a te r  th® 
6 .3 .  The r e la x a t io n  tim es o f  norm®-1-^ 
sam ples a re  alw ays lo n g er  than  640 
/ f i g .  1 / .  The s h o r t e s t  T . were 
in  w atery m u scles, in  a l l  c a s e s  
570 ms. In te rm e d ia te  m u scle s, with r  
w ith in  6 .0  -  6 .3 ,  p o s s e s s  T . around^ 
600 ms. The d i f f e r e n c e s  between noh' 
mal and w atery m uscles in  re lax a ti®  
tim e s T . a re  s t a t i s t i c a l l y  v a l id  
/ p  <  0 . 6 l /  /T a b . 1 / .
24 hours a f t e r  s la u g h te r ,  a d ecreas < 
o f  T . in  a l l  ty p e s  o f  m uscles /F ig '  
t a b .  1 /  was ob serv ed , th e  d e c re a se  
fo r  PSE b e in g  th e  b ig g e s t .
48 hours a f t e r  s la u g h te r  fu r th e r  > 
d e c re a se  was se e n . The most import®^ 
f a c t ,  however, i s  th a t  th e  T . d if*® ^, 
re n c e s  between normal and w atery  
c l e s  in c r e a se d  by about 80 ms in  
t h i s  t im e .
T2 v a lu e s

S im i la r ly  a s  fo r  T . ,  th e  s p in - s p in -y 
r e l a x a t io n  tim es T2 a re  s t a t i s t i c ® !  
d i f f e r e n t  /p  < 0 . 0 7 /  between nor®®! 
and PSE m uscles / f i g .  2 , t a b .
The T2 d i f f e r e n c e s  between normal ^  
in te rm e d ia te  m uscles /IP S E / a re  s t  
s t i c a l l y  d i f f e r e n t  to ,  a t  0 .05  l eV®e 
24 hours a f t e r  s la u g h te r  an incre®  
o f  T2 / f i g .  2 /  was ob serv ed , a s  opr 
sed  !o  T , ch an ges. 48 hours a f t e r
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sla bghter a decrease of T2 was visible, to the values close to those measured at 2 hours, 
^ l u e s

^Iculated Q values are the biggest for PSE muscles /tab. 1/ 2 hours after slaughter. At this 
Ip?® Q values for IPSE are close to those of normal muscles. 2A hours after slaughter Q for 

is somewhat longer than Q for normal muscles but, again, the highest Q values are calcu- 
S?*?? for PSE.
hoi lar effect is observed 48 hours after slaughter: Q for PSE has the longest values, alt- 
tjl^h smaller than at 2 hours. Table 2 enables one to put the differences between relaxation 

studied muscles into one scale. Otherwise it would be impossible to compare directly
4 ® T. differences /e.g. 633»
®s/, 64 ms versus 4 ms.

569PSE = 64 ms/ and the T2 differences /e. 29n  ” 25p s e
Us

the Q results presented in the same tafcle reveal for bigger values, because Q cimprisesH ________m ______ 1 i „ m

» for example, as it is seen in table 2, the T. differences between normal and IPSE meat 
uctually stable in time, whereas the T2 differences are the largest 2 hours after slaugh-

fjj8 differGnces in T. am 
/lg°ur view, the formula

and in T2 */1/ used in this work is better than another, proposed by Koutcher 
Pq"/0/ and used originally to study normal and pathological tissues.
t, ^®ula /‘\/ first counts the differences between the sample and the mean, in plus or in mi-

• then normalizes the differences and the T2 differences into one scale.

^t2gl_yersus PSEmuscles
t>)p biggest differences between normal and PSE muscles are seen 2 hours after slaughter when 

Q - value is calculated /fig. 5, tab. 1/. It has been noticed, as well, that T 1 alone is 
in a g°°d indicator of muscle type /fig. 1/.
$4 bhe case of T., however, there is an overlapping between these types of muscles /fig. 3/.

hours after slaughter the Q and T. values are also different for normal and watery muscles. 
a-(. 2̂ 2 relaxation time could be used as a muscle indicator 2 or 48 hours after slaughter for 
I|, hours it has similar values for all types of muscles /fig. 2/.
t0e,best means to differentiate normal and watery muscles at 48 hours after slaughter seems 
b be the measurement of T. and, consequently, the calculation of Q /fig. 1, tab. 2/.
l>-.:,gortem changes
otgSrai authors have used NMR to study post mortem changes in muscles. Chang et al /1976/
3 8®rved elongation of T. in rat skeletal muscle. The longest values were measured about 
^4a0Urs afber sample removal. After that about a 30 % drop to a stable level was observed, 
w f ^ i  et al. /1983/ reports that the T? changes in human uterus muscle follow the same
h ; ? r n 'V6 ne beginning, within 2 hours, the T2 increase is very fast, then reaches a stable level, 

understand that this work is the first report of simultaneous measurements of T. and T2 
dependence in technological meat /figs 1, 2/. We suggest that the T* and T2 changes 

liolect distinct processes. As it is seen in tab. 1, muscles with high pH have longer relaxa- 
times. Only T., however, exhibits such changes /fig. 1/ T2 values seem to indicate pro- 

l)! ®es reaching their maximum about 24 hours after slaughter.
84d + S°°d consent between the T2 changes and course of rigor mortis. When T2 increases

then drops, rigor mortis reaches its maximum and vanishes. It should be, as well, stres- 
The ^bat 24 hours after slaughter the biggest autflow of water from muscles is observed. 
t*g£ increase in free water fraction should result in elongation of relaxation times.
6ht mv,scles have the biggest water outflow and the longest T2 values 24 hours after slau- 

er’* It is hat, however, clear why this effect is not observed in T. as well.
F u s i o n s

* The measurement of T. 2 hours after slaughter is enough to perform fast identification of 
¿obgissimus dorsi by means of pulsed NMR. This is the time of the largest differences 

2, S®bween relaxation times of normal and PSE muscles. . ."he best differentiation of normal and PSE muscles could be achieved by the calculation
Q - value 2 or 24 hours after slaughter, 
study post mortem changes, measurements of T. and T. 

r®flect different effects concerned with this process.
are necessary for they seem to

469



REFERENCES
1. Adamski J., Buiko J., Piilewskl N.: Acta Physlca Polonica AG3., 287-296, /1983/.
2. Barton Gade P.A.: Proc. Porcine Stress and Meat Qual. ed. Agr. Food. Res. Soc. As,

Norway p. 205, /1980/.
3. Bendall J.R., Wismer - Pedersen J.: J. Food Sci., 27s 144, /1962/.
4. Blendl H.M., Puff H.s Fleischwirtschaft., 58, 10, 1702 /1978/.
5. Briskey E.J., Sayre R.N., Cassens R.G.: J. Food Sci., 27: 560, /1962/.
6. Brosio E.s Trends in Analytical Chemistry, August, 1, 12, /1982/.
7. Chang D.C., Haslewood C.F., Woessner D.E.s Biochim. Biophys. Acta, 437, 153-258, /1976/*
8. Fischer K., Augustini Chr.s Fleischwirtschaft., 57, 6, /1977/.
9. Grau R., HammR.s Fleischwirtschaft., 4: 295 /1952/.

10. Hart P.C.: Tijdschr. Diergeneesk., 87: 156, /1962/.
11. Janicki M.A. Kortz J., Rdiyczka J.: J. Food Sci., 32: 375, /1967/.
12. Koutscher J.A., Goldsmith M., Damadian R.: Cancer, 41, 174, /1978/.
13. LengerkenG., Hennebach H.: Fleisch., 33, 12, 237, /1979/.
14. Ma4ison B.L., Hill R.C.: J. American Oil Chemists Society., 55, 3, /1978/.
15. Pfutzner H., Fialik E.: Zentralblatt f. Vet. med. 29, 637, /1982/.
16. Renou J.P., Monin G., Sellier P.: Proc. Sci. Meeting. Biophysical PSE - Muscle Analysis» 

Viena, /1984/.
17. Tipping L.R.: Meat Sci. 7, /1982/. ,
18. Tornberg E., Nerbrink 0.: Proc. 30th Eur. Meet. Meat Res. Work., Bristol, England, /19&*'
19. Welsser H.: Applied Sci. Publishers 8. 326-336, /1980/.
20. Wright R.G.: Food Technology, December, /1980/.

470


