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Ng 388 on gy ion of ATP-stored muscle energy, electrical stimulation of meat
¥ig, 3 POSt po. Slaughter line accelerates the onset of rigor mortis and the
tug in o h Ttem glycolysis : thus, the pH can drop to values inferior to 6,0

gy 8 Tapiq :;;i“f’illg death. In these conditions, the risks of meat toughening
Dot d, e e, ling (cold—shortening) or early freezing (L!mv—ngor) can be
"’°H:gm) can’“ﬂnds of'hygienista (reaching a deep temperature of 7 °C 24 h
%elhmt satisfied while the meat is kept tender.
By ed :
'i‘ht of ﬂ_:rxesa}ng by hot boning of muscles is a promising technology for the
by that o Sleat l.Jldustry. Coupling the practice of boning unchilled carcasses
qe“ _"“ho“ & “?Bl stimulation is a means of reaping the benefits of hot
Ay lea) gy 80Y risk of cold-shortening (TAYLOR and al., 1980). Thanks to
Saf ty roi"‘“l:s:::; carcasses can now be boned 4 to 5 hours post mortem with

ss.
Elegy

Ti
%“ALL c“llparmters of E.S. have already been studied (BENDALL, 1980;
"‘Qh ﬂmp inup}.{' 1976). The efficiency of this technology is mostly measured
h‘%“to Teach pﬂ°f the muscles during stimulation, or by the time taken by the
"u'nl Tveq i §-0 (CARSB, 1973). However, a large variability of effects can
.I'Cla" e dimws muscles throughout the carcass, and for various types of
o fha! (B sp cTepancies can be partly explained by the metabolic type of
x.kd‘:lectric f:nd al., '951), but they can also be due to an uneven distribution
Spgy e & ©ld among the muscles (BENDALL, 1980). Although the resistivity,
ln.ua ) 1%0) p:;“Gm}e of meat have been previously measured (SALE, 1976 ;

tion cur;nte:fum a lack of data concerning the conduction of the electric

Oough a meat carcass
dipy .
[ ®lonceg <
s ¢ . . d

‘b:n:::iy.am fac:: the b}olog:.cal tissues composing the carcass as well as its

ity TS modifying the impedance and can be partly at the origin of

of the
E‘ A electric field (SALE, 1980).
b o, 7 Vag :

3hr::'¢la“"d;:1md to evaluate the variability of the electric field along

i comection with electrical stimulation. It is divided in

Carcgg, the electric potential, and consequently the electric field
M ‘w;ﬁm volt, Ses in non-stimulating conditions. The study of the electric field
& Pent o 88 stimulation would have shown a danger for the operators and for
gy 00da) o 9U€ to tng py
t"ib '°1tage € high voltage. To get free from these problems, lower
ition o currents were mainly used, so that one should observe the same
* the, © electric potentials on a reduced scale H

the
the

Agp.
A i o

.gmu);:’t’e- ¥e made experimentations with a genuine high voltage
O and direct measurements of the electric field on muscles H

g, in

:“h, ::xor t 0“::" t0 investigate the effects of the carcass geometry and of the

"Abli 1, Thig imulation electrodes, a scale moulded model of a carcass needed

ol tPaPer presents preliminary results of measures made in view of
he future, a cartography of the electric field.

" the
g,

L‘:‘h:l"t%e““d2 the imentati ed out ight mal

o, ey 8 0t piops experimentations were carried out on eight male

% 8¢, os 1, ©en to seventeen kg of carcass weight. lamb meat was used

13 hr‘ ag othe,.el?ause it shows the same general biochemical and physical
o

% areagg meats (CARSE, 1973 ; BOWLING and al., 1978) and it is lower in
I electx. Sasier to handle than beef carcasses.
L%

ine L0 me,

e The ,2;:’?‘ Were taken approximately 20 minutes post mortem, after

q;uln 4 f Timental conditions were fixed as follows :

ta i

“% 0y !n; Hhirzi ::Pe??mentations, the electric contact was made by two sets of

Oy °l«Et Qntsnui‘ inserted on the inside of the rear legs, near the Achilles
1110a e DPotenys", '© the humerus. The current had a frequency of 1 000 Hz ;

2 ope o Ntia] Was measured using a probe connected to a cathode ray

& Voltage output.

rimentations, the electrodes were placed at the severed

5o % chilles tendon. They were connected to a stimulator giving

1“;‘!1-1“ Songiys "2Ve, at 600 V peak voltage of frequency 12,5 Hz during 2 minutes.
o

ti,
nc:ield ‘::z-'electrostimulution occured and during the stimulation, the
of

i a“l:theA

1, rectly measured using a two-needle probe, which gives the

oy S0 Dotent s
op ’ia'%neg =°:t151 on a fixed length (2 cm). Measures were made on several

E eler, Mlexon ‘;_S‘fpmpimtus. M. Triceps brachii (caput longum), M. Rectus
%‘hg Setriq fie 1gitorum superficialis and M. Longissimus dorsi. The values

the 1d vere read from the screen of a cathode ray oscilloscope.
ohsisted in the

’“\xd’“‘ﬁ:dy 9
! tion Ution o investigation of the influence of the geometry on
d, bng:f the st the electric field on a carcass : the influence of the
v,‘i& 3 ay ne la::uhtion electrodes. However, these measurements could not be
L,.h bglxt ot op the Carcasses because the resistivity of biological tissues
‘““1 Wag o) To bre, temperature : it would have introduced other causes of

dog i)y by 2k free from these difficulties, a copy of half-a-carcass of

0,‘5 N :;ttgm. s:qumh.w with a silicone shell, placed in a wooden box. This
L K, ’I'h.l%l’ ;‘bl? in the course of time had the same geometry as half-a-
Bpg g 4 - UPpep Bis Mould was filled with a solution of Potassium chloride

Vi ‘&tur 0§ o de of the wooden cover of the mould was squared with holes

Wy Uce g)
“\q‘:‘ of 2 an ay,

¢ Moty
me"“ul:

ectrodes in definite places. The applied current from the
®Tnating current (8,5 volts ; 1 000 Ilz». The measuring probe
stem anq isolated except at the end, allowing to measure the
at different places.

b

01 of the electric field alo mb_ca

gl 1 gy,

Uy T ®d the i . :

n p:“-numulth'? distribution of the electric potential and the electric
S8ey gy “*iNg conditions when a sinusoidal (10 V 3 1 000 Hz) electric

the carcass.
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Figure 1 -~ Distribution of the electric potential Vx and of the electric field on

lamb carcasses (HOULIER, 1981

The average electric field dV/dx, expressed in Volts/em is also reported in
figure 1. This figure allows us to draw two main conclusions :

a) The electric field varies a lot along the lamb carcass : the results show that
the electric field is much higher in the parts where the section is smaller
(Longissimus dorsi) than in big muscle volumes (leg and shoulder). The effect is
directly under the dependance of carcass geometry.

b) There is a very sudden drop in potential in the vicinity of the electrodes.
This shows the double effect of the polarization at the level of the electrodes
and the geometry of the bundle of muscles (particularly in a small section).
Therefore, only 40 per cent of the total voltage applied is, in these conditions,
used to create an efficient electric field in the major part of the carcass. So,
if one applies a voltage of 600 volts between both ends of a lamb carcass 1 m long,
the effective electric field would not be 6 volts/em but only 40 per cent of this
value.

Therefore, very high voltages and currents would be necessary largely to overcome
the electrode impedance (contact reaistance) and to ensure the correct wanted
electric field.

Study 2 - Electri i measu () timulated muscle

In another experiment, we measured directly the electric field of 5 different
lamb muscles during stimulation. The results of table 1 confirm that the electric
field is very variable throughout the carcass during stimulation. High values of
electric field were measured in M, Longissimus dorsi and very low values -3 to 4
times lower— in the shoulder muscles e.g. M. Supraspinatus and Triceps brachii.

However this heterogeneity of the electric field cannot explain alone the
variations of the efficiency of the electrical stimulation : m. Supraspinatus and
m. Rectus femoris placed in the same electric field show a different drop in pH,

. Muscle h%z:;;ic o8 taon E 4 pH '
4 : (Volts/cm) of muscle .
; = Supraspinatus.. ! 1,4 . shoulder x 0,57
: = Triceps brachii (caput long\m). : 1,5 H shoulder B 0,72 :
¥ - Rectus femoris... evese y 1,5 . leg 0,65 :
; - Flexor digitorum superficialis. : 5:5 leg : 0,69 :
- longissimus dorsi... J 4,0 4 back ’ 0,70

Table 1 - Values of the electric field directly measured and drop in pH of
5 muscles choosen for their position, during stimulation of a lamb carcass (600 V ;
8q. wave ; 12,5 Hz

Such a high voltage stimulation current (600 V peak) for a lamb carcass does not
allow us to see the complete variability of the drops in pH, which would probably
be the case if the overall voltage was lower.

A lot has still to be done to get a uniform electric field along the lamb carcass

during electrical stimulation. Varying the positions of the stimulating electrodes
would allow major modifications of the distribution of the electric field,
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Study 3 - Influence of the po:
electric field

ions of the electrodes on the distri

For every electrical stimulation equipment manufactured until now t
which the back legs of the carcass are hung is considered as one
electrode : therefore, an electrode is always in contact with the
In our »xpermen»s also, an electrode is always at this place lponu 1 1
figure 2) The positions of the other electrodes have been varied on places 1 to 4.

a) Positions 1 - 5 : by the MEDAL stimulation apparatus, the animal is stimulated
by a current passing from the severed neck muscles to the back legs.

b) Positions 3 - § : this is the positions of electrodes used by the New-Zealand
(CHRYSTALL & HAGYARD, 1976) stimulator for lambs and the american KOCH stimulator
adopted for cattle.

¢) In France, a manufacturer, SUCMANU, has been making a stimulator placing
electrodes at the front legs.

HEQdnooEKHQmN O >

Figure 2 - Positions of the segments on the moulded pattern of half-a-carcass of
lamb where the electric field was measured (A to I) and positions where the
contact electrodes were inserted (1 to 5)

d) In our study 1, the main part of our work was done by placing the electrodes
at the front legs and at the rear legs. Such variations in the positions of the
electrodes imply inevitably important discrepancies in the distribution of the
electric field, which we studied on the moulded pattern. Five positions have been
selected for the electrodes.

A firat series of electric measures has been done after filling the moulded pattern
with a solution of Fetassium chloride assuming that the electrical resistivity of
all the tissues is the same. As the measures were done with an altermating current
of frequency 1 000 Hz, the phenomenons of polarization due to the interface
electrode/carcass were negligeable.

From the measured figures, the electric field was recalculated by referring the
measured values to a voltage of 600 volts. Therefore, we used the following
formula :

E=ex

xd

= electric field (volts/cm)

= voltage measured between 2 electrodes allowing the measurement of the
electric field

= distance between 2 measuring electrodes : 4,5 cm

= voltage between the 2 main electrodes : 8,5 volts

= 600 volts (stimulated high voltage stimulation)

<

where :

o w

o

v
v
The results of the measures are indicated on table 2. The comparison with results

obtained previously on a genuine lamb carcass allows a good appreciation of our
modelization.

PARTS OF THE CARCASS FOR MEASURES OF ELECTRIC FIELD

4 b Gamnll iy <X

Position H ] L] ]
H of H : H H
s electrodes : ) d)gl_x 3 s : Dia-

torum, Shoul- ceps

H 8 s H :phrag.
: : bula~: : : P e
: W . dorsi’ , chii
: t  wis s : H :
; . 1149l
- A P2,18 2,04
' : P1,49 % 2,50
g 3 0,70 2n
3 " 2 10-oic 2
ON A LAMB CARCASS
e @® cadien o0/ oy 4000 GO0 e i 5 IS L a2 VB e s

igh],g 2 - Electric fields (in volts/cm) in different parts of the moulded model of
carcass of lamb for 5 positions of electrodes

On all the areas, the calculated electric field on the pattern was smaller than the
electric field measured on a lamb carcass post mortem : this may result from a lack
of precision on the localization of muscle areas on the pattern ; and also mostly
because of a larger conduction section because of the lack of bones.

Other measures were done after placing the bones into the moulded pattern
(tabla }). For position 2 - 5 of the electrodes, the introduction of the skeleton
brings an increase of the electric field namely for the areas of longissimus dorsi
and shoulder ; consequently, the electric field dropped at the leg area.

es
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Pogition
of
electrodes

s : et
Sar:‘ile: leg | dig. |

ON A MOULDED MODEL OF CARCASS

20,78 1 \7:15,6f
fo,78 1 1,10[ 36,9 * !
:1.33:188‘§4.b:
p g ol gt .
w5 Sinanes L 0T ;1,10;141J 29,0 v

ON A LAMB CARCASS

/=% 5y5-3

4,00 ¢ /

SRS Siesumany - fE 4500

w
Table 3 - Electric field (in volts/cm), referred to 600 V peak voltager u‘lon of ]
parts of a moulded pattern (con:,aining the varmished skeleton and a solut? 1
KC1) for 5 positions of the electrodes ‘ '
One of the important problems of electrical stimulation remains \mdo\l"”‘uy
connected with the electrodes. h
ot
For certain positions of the electrodes, areas such as A, H and I can bz Eh‘

a nearly inexistant electric field : these are the areas of the neck an
shoulder in cases when electrodes are placed in 3 - 5 and mostly in 4 = o )
practice, these places are those of the New-~Zealand and american KOCH'WP!
equipment (SMITH, 1977) : this shows how difficult it is to stimulate P”P‘

[
(
1
¢
1
!
!
forequarters with these processes. :
E
A similitude with a beef carcass could be done and these results could W”n e ;
approximately applied to a beef carcass. Using the electrodes placed bﬂ" 1““ ¢
severed neck muscles and the Achilles tendon, like in the MEDAL processSs 150 » g
area can be efficiently stimulated and, of course, the back and the leg & !
important result of this study is that the most difficult areas to sti d §
homogeneously are those of the shoulder. An ideal position for the elt:‘c“o fﬂuﬁ L
M1 + 21 - 5would be one electrode at the severed neck muscles, one at * 1 8
legs and one at the Achilles tendon : then, we could reach towards an 1‘“‘ 3
distribution of the electric field. é
Conclusion 1 5
The discrepancies remaining between the various areas cannot practicall}' ::a t
eliminated. The only means remaining for the technologist is to increas® po 1
general level of the electric field, therefore the peak voltage, above B~ed !
threshold. Thus, the voltage should be increased so that the worst situd” C
are submitted to a sufficient electric field for stimulation. P L
of
Ieg
Yoy
affe a/ N
The differences in the geometry and the electrical resistivity of the Jact Pzr‘
parts of the carcass on one hand, and phenomenops of electric contact 3 ,uﬂ
muscle tissue on the other hand, combine with each other to modify th’ ’dﬁ By
of the electric field. A cartography of the electric field in the 9‘ “c \t‘
carcasses remains to be done for the type of animal and the position of
can have an influence on the design of the equipement for high voltag® of %
stimulation ; this would help manufacturers as well as users of this e
slaughter equipment. gzr
N
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