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_hiochemical changes which are caused by the electrical stimulation of the carcass in the
1e fiber were investigated during the last years. Nevertheless, there are still many
pggblems, which are related to ES and these are mentioned at various levels of meat
“9i22§ the study of the biochemical changes of the muscle fiber, many investigators

ed the structural changes which the electrical stimulation causes to muscle fiber. How-
the search of the literature in this area did not provide a complete view about these
ah it happened in the muscle fiber during the action of the electric current.

case this is taken into consideration, the fact that the tenderness of meat is signifi-
Ly induced by the structural changes of the muscle fiber, at that time, the interest of
gearch is obvious for the alterations in the morphology of the muscle fiber which occur
J ing the electrical stimulation of the meat.

-

' é‘ﬁ* srials and Methods
:Onﬁid ycasses of sheep weighing about 20 Kg were used in these experiments. 30 min after stunn-
s the Longissimus dorsi and Semitendinosus muscles were removed from the right sheep car-
ss half and then were electrically stimulated (ES) of 250 Volts for 50 sec (I=23 mA). The
1e muscles from the left sheep carcass half served as a control sample. The electricallg
ulated samples and the control samples were stored in the cold storage chamber at % 2°C
all samples (electrically stimulated samples and the control samples) the following de-
rminations were performed.

surement of pH, 10 min, 1st, 2nd and 5th day after the ES, GOFO value, Water Holding
gacity (WHC), the lactic acid and the total creatinine determination were performed, 1st

d and 5th day after the electrical stimulation.

Purthermore, the samples which were taken at 1st, 5th and 24th hour after slaughter were
gtudied at the light and the electron microscopic levels.

P >0.05)

¢ of
ontrol samples which could be examined under the light microscope were fixed in a 10% neutral
rmalin solution and then they were enclosed in paraffin.

ch specimen which could be examined under the electron microscope was fixed in a 2,5%
taraldehyde solution and a 1% Osmium Tetroxide (0s04) solution.

Pehydration was followed by acetone and 1,2-Propylene oxide and they were enclosed in EPON 812,

Besults and Discussion.

results of the biochemical determinations are shown on the table 1. It is obvious from

& results that:

ere is a significant difference in the pH value (table 1) between the control and the elec-

:fically stimulated samples. This difference which remained stable until 5th day after slaugh

Ler ranged about 0,5 of unit (from 0,1 to 0,6 of unit).

fhe observations of other workers (Carse 1973, Dutson et al. 1981, Eikelenboom et al. 1981,

Orgakis e+ al, 1981) have also indicated the same differences to pH value. They generally

Cept that this significant decrease of the pH value is due to a more rapid increase of

tic acid levels which is caused by the acceleration in the rate of post mortem glycolysis

ilside of the muscle. The electrical stimulation is the cause of this alteration.

fiis point of view is confirmed by the data of talbe 1, which clearly demostrates that the

Oncentration of lactic acid in the electrical stimulated samples is greater than the control

Sdllples. Thig difference begins to become clear on the 1st day and it continuously increases

thO the 5th day after slaughter (and the ES).

bf decrease of the pH value it seems to have an indirect favorable influgnce in tenderness

ahim?at' Furthermore, Dutson et al., (1981), formulate the thought that this low PH crgates

“Wltable conditions for other probable alterations for the muscle tissue proteins., This low

gijICOHjunction with the high carcass temperature, before the development'of rigor‘mortis,

th;ances the activity of acid proteases (Dutson et al., 1977) . This fact, with rela?lop ?o

Eantdgvelopment of rigor mortis at high temperatures, it seems to be the cause of signifi-

: increase of tenderness of meat.

ﬁoglth et al,, (1981) reported that the time in which the ES takes place it seems to have

ﬁheinfluenCe on the colouring, the taste and the tenderness of the musclef

'lt&b? Wwere differences in the total creatinine concentration (table 1) and the GOFO value

mheree-1) among the samples which were examined. ) )

Sasg. is a universal acceptance of the fact that muscles for elec?rlcally stlmu}ated car-

kaHSEZ are more bright than those from unstimulated carcasses..Thls phenomenon 1is prob?bly

wﬁ&m YbY some alteration of mycglobin. Furthermore, it is o§v10us from the table 1 that the

thht h?lding Capacity is induced by the electrical stimulation (ES’T o
mlcroscopic examination revealed a lack of uniformity contraction of the myofibrils of
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form contraction often resulted in theilr disruption (fig. 9a,b). Finally the nuclear
were fraguent and appeared with the presence of hyperchromatic or pyknotic nuclei

‘s companicﬂ great changed fibers (fig. 10).

3 az4th nour after slaughter the autolytic changes on the control muscles were great and
'eharacteriZBd by intense up to complete vacuolation of the mitochondria (fig. 11), di-
i of sarcoplasmic reticulum, in presence of mylin figures and phagosomes. The myofi-

4 by & :'nire disrupted and great swelling areas mainly in the periphery of the cell are flood-
th'granules of glucogen, The nuclear changes were frequent and the extracellular cede-

TS W : intense.

ed pas 4 ngth of the sarcomere presented a further decrease which differed in the two muscles
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ally stimulated muscles of the same hour (24th hour) present the above autoly-

but at a more intense degree. Here, the spaces leaved by the disrupt myofibrils

the yacuolation of all the membranaceous structures were large (fig. 12). Most of the

aing nyofibrils were opaque and their structure was indistinct. Some of them lost their

ure completely and appeared as being fibrillating masses having no form (fig. 12a).

ontraction of the sarcomeres does not uniform in the two muscles as it is indicated in
€.

:gzie findings lead to the following conclusions.

e electrically stimulated muscles are contracted much later than the control muscles

(at about the 5th hour).

pone parameter of the contraction of the muscle is its length.

" In the electrically stimulated muscles, the autolytic changes from the 5th hour onwards

. pccur at a greater speed than those of the control muscles.

The empty spaces which exist between the myofibrils of the electrically stimulated

muscles are greater and more numerous.

. The disruption in the electrically stimulated muscles is more intense.

.?hjfh The extracellular fluid in the ES muscle is greater in quantity.
i*fl”he' The disruption of the myofibrils does not refer only to Z line but more so to "I band".
brilg
1 Iﬂl}c?ﬁ
ioned
- thick= , Carse, W.A. (1973): J.Food Technol. 8:163.
nRss. LheS  putson, T.R., Yates, L.D., Smith, G.C., .Carpenter, Zz.L, and R.I.. Hostetler {1977): Proc.

Recip. Meat Conf. 30:79.

-ﬁbuston, T.R.. Smith, G.C., Savell, J.W. und Z.L. Carpenter (1981) : Die Fleischwirtschaft
' 61:518.

. Geovcakis, S., Vareltzis, K., Agakidou, E. und A. Eleftheriadou (1981): 27. Kongress

:imulatad;

Eurovn. Fleischf. Wien.

i, Ceor¢s, A.R., Bendall, J.R. and R.C.D. Jonew (1980) : Meat Sci. 4:51.

!U_CKQith, F.K., Smith, G.C., Savell, J.W., Duston, J.R., Carpenter, Z.L. and D.R. Hammons
(1981): J.Food Sci. 46:13.

. Savell, J.W., Dutson, T.R., Smith, G.C. and Z.L. Carpenter (1378) : J.Food Sci. 43:1606.

contracsy
A removed

Times after Flectrical Stimulation

=
©
=

. d [
Q [ [0} » (@] I
. lon - |lo 3 © . b
i & 8';\; :& jas) L(S -r—iv =L s_‘ jan} jru) L iy
= (G = O 5| A &) . = BE
—_— — 1L
6 E

| || Control 4,00 36,33 35,31 20,30

Sample

O
[y
@
(o2}
-
wu
fes]
o
1

0,62 .73 c,81

Treateq 35,68 37,79
i sample 92,5 8l,5 86 .
%1 1th g | 0,66

Conty
o con® trol
more ’ Sample

(E-fm:t'l 0,54 0,56 0,74

BUS

N €,55 TT{5,90| o 15,851 | | [ 5,90
Teateq 30,54 45,31 33,34 21,17
Sample 92,5 87,5 89 91,5
“ith pg . | | 9,57 0,66 i 0,88
= | '. = 1,374 1,003 | 1,024
pH‘DH values, W.H.C. = Water Holding Capacity of the meat. CGUFO = GUFC values, LA, = Lactic Acid Concentration

in
Wg/o. v ¢, =Total Creatinine Concentration in mg/g.

45




Figures

Fig. 1. Light micrograph of Longissimus dorsi (5th hour after slaughter) where ¢
tuating route of the muscle fibers is indicated. X 336.

he flye

Fig. 2. Light micrograph of Longissimus dorsi (ES), 5th hour after slaughter, wh
right muscle fibers with intracellular areas of thickness and thinness ;
dicated. X 336.

ere yp.
Te ine- _’ )

Fig. 3. Light micrograph of Longissimus dorsi (24th hour after slaughter) where ywe obl
served the intracellular oedema, the fluctuating route of the muscle fiberg
pyknosis of certain nuclei and the loss of the cross-striation of muscle fié.-
X 336.

Fig. 4. Light micrograph of Longissimus dorsi (ES), 24th hour after slaughter, ip which
we observed the intense alternation of areas of thickness and thinness, Many g
the fibers disrupt in the areas of the thinness. X 224. -ﬁ

Fig. 5. Electron micrograph of Semitendinosus, 1st hour after slaughter, in which the °
intracellular oedema is indicated. M. swelling mitochondria. X 14.400.

Fig. 6. Electron micrograph of Semitendinosus (ES), 1st hour after slaughter, where an
intracellular ocedema was observed (Oed) dilated cisternae of sarcoplasmic re-”j
ticulum (arrows) and phagosomes (heads of the arrows). X 14.400.
Fig. 6a. Electron micrograph of Longissimus dorsi (ES), 1st hour after slaughter, whera
destruction of the myofibrils is observed on Z line (arrows) as well as in other
positions of the sarcomere. X 5.400. 1

Fig. 7. Electron micrograph of Semitendinosus (ES), 1st hour after slaughter, in whia&]
the non-uniform contraction of the myofibrils is indicated. X 9.000. et

Fig. 8. Electron micrograph of Longissimus dorsi (5th hour after slaughter) where the
disintegration of cristae in the mitochondria is observed. X 14.400.

Fig. 8a. Electron micrograph of Semitendinosus (5th hour after slaughter) in which we @
serve a disruption of myofibrils and concentration of a great number of gran
of glucogen in the area of the intracellular oedema (Cly). Oed., intracellular
oedema. X 14.400.

Fig. 9. Electron micrograph of Longissimus dorsi (ES), 5th hour after slaughter, in
we see the intense disintegration of cristae up to complete vacualation of mi
chondria. X 14.400.

Fig. 9a. Electron micrograph of Semitendinosus (ES), 5th hour after slaughter. The t
non-uniform contraction of the myofibrils is observed. X 5.400.

Fig. 9b. Electron micrograph of Semitendinosus (ES), 5th hour after slaughter. Non-uni
contraction of the myofibrils and their destruction in the areas of looseness
(arrows), intense intracellular and extracellular oedema, E, erythrocytes ins
a changed capillary vessel are observed. X 5.400.

Fig. 10.. Electron micrograph of Longissimus dorsi (ES), 5th hour after slaughter. We C
serve the difference of the change between the two muscle fibers. The myofib
of the bottom left muscle fiber have been homogenized, the mitochondria are GOH
pletely changed and the nuclei are pyknotic.. X 14.400.

Fig. 11, Electron micrograph of Semitendinosus (24th hour after slaughter) . The disrup
tion of myofibrils and complete vacuolation,bf all the membranaceous structu=
res of the muscle fibers are observed. N, héterochromatic nucleus. X 14.400.
Fig.12,12a.Electron micrographs of Longissimus dorsi (ES), 24th hour after slaughter- 5
tense itracellular and extracellular oedema, opaque, disruption and homogen
of myofibrils are observed. X 14.400.
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