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t^gf:reozing is  known to he one of the methods of meat cold treatment which allows to raise 
to . ° “t:put o f freezers during seasonal deliveries of livestock to meat processing plants, 
pK.!; i l iz e  more e ffic ien t ly  refrigerated cars for meat transportation from the main sup- 
shor+6 areas to consuming regions. This method, however, involves a risk of muscle cold 
be f in in g  in case of quick ch illing of pre-rigor meat. The quality o f suhfrozen meat can 
wp'Proved by means of e lectrica l stimulation (ES), as well as by ES followed with a lte r- 

6 temperature schedule (ATS) ch illing (1 ,2 ). The development of re liab le  and reason- 
pia® recommendations on the application of such technological procedures in commercial 

ctxce should be based on the results o f comprehensive meat studies.
?KP°Se
chLpurp°se of this work was to determine the e ffect of ES and ES combined with ATS on the 

“ages in stored subfrozen meat by means of physical and biochemical methods.
As^^ials and methods
sirtpPerimental objects served semimembranosus and longissimus muscles dissected from beef 

i hey were inves't iSated Theologically ( 3),  physico-chemically (4 ), citospectrophoto- 
d6E lca lly  ( 5 ) ,  h isto log ica lly  ( 6, 7 ) ,  morphometrically ( 7 ) ,  electrophoretically (8) ;  besi- 
sti. Protein so lub ility  was studied (9 ). Meat quality was evaluated by its  modulus o f e la - 
°Pti i PH> rac muscle esterase and lactate-dehydrogenase activ ity  (£ ) (by the

density of the microphotographic negatives of specially stained meat samples),the 
0il (N \°f  disruptions and s lo t-lik e  gaps (N^), segmentations (Np) and granular d issociati- 
Pr0te|n ru,muscle fibers; by the protein in electrophoretic fractions and by m yofibrillar

so lub ility  (R)
At g®xPeriments were carried out in 3 steps.
tic^ P  1 an electronic electrostimulating device was to be bu ilt. At Step 2 bIb ctrophore- 
3 „Phenomena in meat were followed when e lectric  current was passing through i t .  At Step 

treated with the following methods was studied.
|e^2d1s meat ch illin g at -25°C down to 1°C in the deep tissue and storage at -2°C. 
fegSdZs meat stimulation (150V, 25 Hz) fo r  100 s: ch illing and storage as in 1.

stimulation as in 2, conditioning at 13°C for 12 hr; ch illing and storage as in 1.

Â SpXs and discussion
bl0 ~ectronic ES device was designed and bu ilt; i t  is  illustrated in Fig.1 together with a 

cic diagram ( 1 1 ) .

F ig. 1. The appearance and block 
diagram of the electro- 
stimulator

The d
for device consists of a block o f power transformers (BT ) ,  a power block (EEC ),  a system
a sy!!i!ec^ yins t&e frequency ( CÊL ) ,  a system for specifying the number of impulses (
9 coXGln fo r  specifying the number of cycles (OTD[ ) ,  a system monitoring thyristors (
 ̂pr t r °llab le  reversible r e c t if ie r  (yPB ) ;  ^  is  a meat sample. The electrostimulator is  

%pe Grammable impulse generator-* The operating voltage can be regulated from 30 to 700 V, 
04 -ieaSe -  up to 10 A. Passing current trhough muscles demonstrated that impulse stimulati

i;

<U, accompanied by a number of ligh t and acoustic phenomena caused with glow and spark 
”  s. To quantify electrophysical phenomena in meat, a coeffic ien t was used, i t  

“i •(..—“ i-ing the ratio of the time to reach the maximum amperage during ES to the moment 
8e) ae completion of post-breakdown phenomena (10). I t  was established that xsp /U (vo lta -
of 5??eeSt

relation can be represented as equations fo r  semimembranosus and loggissimus, resp.;

Thi
let increasing U, Kr is  decreasing, this being due to a faster break-down of tissue.■K. Us ___  _ Tl- _______ 1 „ ____

18.23 x e-0.0069 x U ( 1 ) and = 18.01 x e-0.0074 x U (2)

i>0
hi^X assume a 10% change in the amperage of the in it ia l value as a permissible lim it and 

that above this value changes in the tissue w ill be sign ificant. Then, the maximum
Hth1^ 6 time o f impulse stimulation as related to the applied voltage can be approximated 

rhe equations (fo r  semimembranosus and longissimus, resp .):
-0.00118 x U ^  = 450 x .-0.0094 x U

(4)1B = 631 X e_v' ,ww,,u A u (3) and 
account fo r  specific muscle changes during ES, the following schedule of impulse cur- 

®f V/a®f fect was chosen: 150 V, 25 Hz, 100 s. Figs. 2-4 show changes in pH, WHO (amount,%,
1, g^ter bound per 100 g of meat) ana e in stored meat treated as is  indicated in Methods 

or 3,
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Figs. 2, 3 , 4. Relations of 
pH = f ( fc ') ,  B = f ( 0  and 
E = f ( T") for the meat treated 
by Methods 1,2 or 3 .
'c is  storage time (days)

T P ig .2. F ig. 3 Pig* 4
ce? hata indicate that ES or ES+ATS improve meat juiciness and tenderness and that ES ac­
u t e s  the mechanochemical processes in meat by 7-10 times and ES+ATS - by approximate- 

âm0s as compared to the meat without pre-treatment.
and 6 illu stra te  the pattern of changes in the esterase and lactate-dehydrogenase 

iv ity  within the f ir s t  3 days o f storage.

Figs. 5 and 6 . The pattern 
of changes in the esterase 
(E) and lactate-dehydroge­
nase (L) activ ity  in meat 
pre-treated by Methods 1,
2 or 3» during storage

4e :̂£ase i s known to be a marker enzyme of lysosomes and lactate-dehydrogenase is■“C --- -- ****'■'«** W V  «V. V- ->*/ — * u w  v u  vw-uvii,; u +  v/& w i i a u w  a 311 G U Z y -
Sta ~ ^aarobic glycolysis (5 ,6 ). The pattern of cnanges in the activ ity  of both esterase 

lactate-dehydrogenase is  nearly identical for a l l  the technological treatments of meat; 
^ae eyi<iently, may indicate a conjugacy o f the lysosomal mechanism functioning in the 

^obic chain of biochemical oxidation. A progressing rise in the activ ity  of both enzy- 
îig. adring storage of meat treated according to Method 3 is  noticeable.
atj"* ? and 8 are microphotographs of the structure o f meat before rigor and after 7-day 
Hug aBe (pre-treatment by Method 3 )« For the pre-rigor meat (F ig .7) i t  was found that

fibers were swollen, located tigh tly  to each other, striation was clear and prono- 
HUg d, nuclei were f la t ,  extended, rod-like and oval. When meat was pre-treated by Method 3* 

fibers after 7-day storage were moved apart, there were more fibers with disruptions 
"’Uhsl° t - l ik e  gaps; fragmentation, myofibril dissociation, local destruction o f myofibrils 

a granular dissociation were evident.

i

Figs. 7 and 8 . Meat microstructure 
before rigor and. a fter 7-day storage, 
respectively; pre-treatment by Method 3 1

6chn

Fig. 7 Fig* 8
1 presents morphological data re flecting  microstructural changes in the meat after 

°log ica l treatment.



; Table 1
J> and N, values of meat 
Q°structure a fter 3- and 
i( ®ay storage (M - method 
x^e-tre  atment)

M N1 K2 N3

l 1 3 — -
2 8 1 —
3 8 5 1

H 1 20 11 1
2 30 20 4
3 30 24 6

Table 2
C.

SVS
6 9

0
3 6.065 0,142
? 0.069 0.148

0.030 0.140
10 Traces*

0.017 0.091
15 0 .025* Traces*

0.032 0.098
58 0.048* traces

0.052 0.205
0.083* 0.055*

In case of Method 3, granular dissociation in 
meat is  observed (N ,) starting from the 3rd 
day o f storage¡thus? there are structural chan­
ges typival of aged meat. In subfrozen meat 
without pre-ES treatment changes are noted on­
ly  on the 14th day.
Electrophoretic separation of muscle myofibril­
lar proteins resulted in 14 fractions (protein 
zones on the electrophoregrams). Most important 
changes during storage of meat pre-treated by 
Method 2 are the appearance of new protein zo­
nes 6* and 9* and in case of pre-treatment by 
Method 3 ~ of zones 6*, 6** and 9* (Tables 2 
and 3 ) .

Table 3
Tables 2 and 3» Protein

'T ,
levels in fractions 6s and 9 of stored meat pre- 
treated by Method 2 (Tab-days 6 9
le  2) or by Method 3 (¡Tab­
le 3 )* /4~ is  storage time2 0.028 0.061

0.020* Traces* (days), S -  protein leve l
7 0.012 0.215 in grams per 100 g of

0.019* Traces* muscle tissue
10 0.018 0.160

0.018* 0.074*
15 0.017 0.140

0.018*
0.013**

0.081*

28 0.013 0.114
0.051*
0.011**

0.035*

\ Experiments demonstrated that the molecular weight o f proteins in zones 6*, 6** and 9* 
''3000 , 68000 and 30000 (respectively ). I t  should be noted that fo r  subfrozen meat with- 

% Pbe-ES the above zones appear at a la ter stage, this evidencing faster processes caus- 
Jftotehderisation of meat treated by Methods 2 and 3. Table 4 gives data on the so lub ility  

m yofibrillar proteins (R) after pre-treatment by Methods 1 and The R-vaiues are 
L ^ t a l  proteins in a ll the fractions abtained through muscle tissue extraction in solu- 

with the ionic strength = 0.6 and/<. = 1.2. The data indicate that during the sto- 
V  meat subfrozen just a fter slaughter (Method 1) m yofibrillar protein ex tra c tib ility  

Educed on the 2nd day, whereas in case of pre-treatment by Method 2 i t  increased.

V .  \ ^\ ^ c . days

v ^ 2 7 10
l

! 9.80 7.75 7.25 7,82
V i - 8 0 10.22 9.48 8.64

Table 4. R-values o f the m yofibrillar pro­
teins of the meat treated by Method (M) 1 
or 2 (g protein/100 g muscle); "ZT is  sto­
rage time (days)

j l.
rapier so lu b ility  o f meat m yofibrillar proteins is  obviously due to an increased extrac- 
«(¿■‘■ity o f actin and myosin. In the process of further storage the extract ib i l i t y  of pro- 

changing in a more complicated way. I t  may be caused with intramolecular rearran- 
of proteins followed with their aggregation. Thus, ES and ATS o f ch illing before 

t subfreezing accelerate physical and biochemical processes occurring in i t .
!> g le io n s

electrostimulater was bu ilt, and its  su itab ility  to treat meat e le c tr ica lly  was

^hem atical expressions were derived which characterize the relation  of the maximum 
l' si®6 to the voltage of impulse current.
™ cudies of meat with physico-chemical, rheological, citospectrophotometrical, h isto log i- 
Wb^orphometrical and electrophoretical methods, as well as the analyses of protein so- 
îQ'ti'fcy demonstrated that ES during subfreezing accelerated mechanochemical processes by 

3  t.imes, whereas ES combined with ATS provided a 20-fold increase.
'(Jesu its obtained were used to substantiate meat subfreezing procedures which are cover- 

y Author's Certificates (1 ,2 ).
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