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INTRODUCTION 

Before reviewing the present status of electrical stimulation as a means 
of improving meat quality, it is desirable to bnefly consider the beck­
ground. 

In 1749 Benjamin Franklin had observed that electrical stimulation 
at time of slaughter tenderized the flesh of turkeys; and it might well 
have been applied to the musculature of meat animals by the French 
200 years ago had not Franklin himself discouraged the idea [37]. A patent 
was filled in U.S.A. by Harsham and Deatherage in 1951 [28] for the 
tenderisation of meat by electrical stimulation of carcases post-mortem. 
They noted, incidentally, that electrical stimulation caused a considerable 
increase in the rate of post-mortem glycolysis. But the significance of 
these observations for commercial procedure has only become apparent 
during the past eight years, following the work of Carse [14] in New 
Zealand. 

· Con1plair{ts about the toughness of New Zealand lamb became quite 
prevalent about twenty years ago. This was puzzling because the com­
modity had a well-establish_ed reputation for uniformly good quality; and 
husbandry practices bad in no way deteriorated. The reason proved to 
be the .increasing efficiency of abattoir refrigeration systems in that 
country and the understandable desire to minimize throughput time by 
placing hot carcases into chillers and freezers without a prior period of 
holding at ambient temperature. It was shown [33, 34, 36] that these 
circumstances co~ld accelerate post-mortem glycolysis, causing shortening 
of muscles and toughness in the meat subsequently. Although shortening 
of muscles bad long been associated with the onset of rigor mortis at 
in vivo temperatures [2] the "cold-shortening" phenomenon was unex­
pected. 
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In essence, if the temperature of a muscle, which is free to słiorten , 
is brought below about 10°C whilst it - is still -in_ the early prerigor 
condition - which would normally signify a pH above about , 6.0 -
''coJd-shortening" and toughening will reśult [36]. The phenornenon is now 
known to be due to the stimulation of the contractile ATP-ase of 

•·. 

actomyosin by calcium ions released from the sarcotubular system and/or 
mitochondria under conditions which preclude. their effective recapture 
(3, 10, 38]. 

Since pre-rigor muscle no longer shortens on exposure to temperatures 
below ca. l0°C, once the post-mortem pH has fallen below ca. 6 - 6.4 [14] 
and since electrical stimulation of m:uscles was known to accelerate post­
mortem glycolysis [28], the primary biochemical purpose of renewed 
interest in the procedure }:las been to swiftly lower the pH below 6 - · so 
that speedy refrigeration can be applied soon after death without risk. 
of toughening the meat from "cold-shortening". 

BIOCHEMICAL FEATURES 

During electrical stimulation, pH falls of the order of 0.7 unit can 
occur in two minutes, representing a 100-150-fold increase in the rate [17]. 
Whilst in !amb and rabbit [4] and pig [29] the post-stimulation rate of pH 
fall appea:rs to be abo ut twice as fast as norma! (for a given temperature 
range), the position with bovine muscles is less elear. Thus, when the 
current is applied ~dong the fibres, the rate of pH fall in the post-sti­
mulation phase is enhanced [15]; whereas, when stimulation is acros~ 
the fibres, the rate of pH fall does net increase until thę current is 
about 60-fold greater [5], when partial b~ęakdown of muscle cell mem­
branes may well occur. The vast accęleration of po-st-mortem glycolysis 
produced by electrical stimulation whilst the current is flowing signifies 
a concomitantly high rate of ATP breakdown [8]; which, in turn, reflects 
~arked activation of the contractile ac;tomyosin ATP-ase by released 
Ca++ions. Yet such are precisely the circumstances which cause the . 
toughening in "cold-shortening", the avoidance of which is the principal 
reason for applying electrical stimulation in the first place. It is possible 
that the membrane of the sarcoplasmic reticul~m becomes more able 
to retain ca++ions [49]; but this feature seems unable to explaiń the 
anomaly fully. 

Moreover, the attainment of a relatively low pH, whilst temperatures 
are at in vivo levels, denatures muscle proteins, thus· causing loss of 
water-binding capacity. This can be exemplified by in vitro experi­
ments [46], by the musculature of pigs which produce pale, soft exudative 
pok [9, 39] and by the slow cooling deep musculature of beef hindquar­
ters [25]. Yet electrically-stimulated muscles do -not overtly łase drip 
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fluid _(at least not initially). There is son e ~Yt-: nh;.aJ loss of fluid however. 
This has been demonstrated [48]. Th~:s, -:hilE:reas t.bo 0 ..:pccted benefits 
of diminished drip were found in hot-cie~ ')ht.:'d , vacuurn-n cked prirnal 
cuts (whether these had been removed · 1':rorn clcctrically-stirnulated sides 
or not), in comparison with cold-deboned prima! cuts after ~ days storage 
(Table 1), the electrically-stimulated, hot-boned jt1 ints had l !J:~t relativcly 
more fluid after 21 days storage - although the quantity vJas stiIJ less 
than that of corresponding joints from cold-deboned sides. 

Tab 1 e 1. Effect of treatment on accumulation of drip (percei t of joi1,t we1ght) in vacuum pack~d 
primal joints stored for 5 or 21 days at 1 °C (after Tay k,r, Shaw & MacDouga!l, [ i~J 
________ ..;:__ __________ ~- - - - - -- ·- ·· - - - -- ------

T1catmen!s 

stored 5 days stored 21 dayc; 

_________ _:___C_*_(_J 6_)_.!___H_lin_!t (_8 )_ I P ~ .-{;; . C*( 16) l H**(6) I E*+>I<(~-)--
---·----

Forequarter joints 
Hindquarter joints 
All joints 

0.06 
0.1.6 
0.11 

0J6 
0.05 
O.Jl 

0.08 
0.05 
0.07 

O . .J2 I 0.20 I 
o.4~ I 0.12 
0.37 0.16 

I 

Figures in brackets represeut no . of re;1lic... tes 

0.20 
0.32 
0.26 

•c Beef sides held 15°C for 7 h, 0°C for 41 h. l 5 prima] joiuts d(.!:i0ncd: •: acm.:m rack~d: the,, stored at + J °C 
H Beef sidcs hot-deboned at 1-2 h pm, vacuum pack~d at 3 h pm, pbcet.! ~H 1 v°C f r 9 h and at 1 °C for 18 h: 

then stored at + 1 °C 
E Beef sides electrically stimulated at 50 min. pm, (4 x 30 sec p.:r ·(• •.h, 700 v . • H 25 pubć/~.~c): h0t deboned at 12 

h pm, vacuum packed, pla~ed- 1 °C for 24 h; then stored al + 1 :ie 

These seeming biochemical paradoxes have not been explained f ully; 
but recent findings resolve them partially. 

That electrical stimulation is no~ assoćiated with permanently shorte­
ned sarcomeres (and toughening) may reflect the fact that the current 
is short-lived and that, when it is discontinued, the ATP level is still 
relatively . high and the tęmperature has fallen little from its in vivo 
value. In these circumstances the sarcotubular system can recapture 
Ca++ions readily, thus supressing ATP-ase activity whilst th~ ATP level 
is sufficient to effect muscular relaxation and the restoration of resting 
sarcomere length. (The data in Table 2 support this view). In "cold­
shortening", on the other band, the low temperature prevents effective 
operation of the ATP-fuelled ca++ pump of the ~arcotubular system; 
and stimulation of ATP breakdown is thus not arrested. 

There has been apparent disagreement between research workers on 
the reason for the association of post-mortem electrical stimulation with 
teriderness. Some [12] attribute this benefit to the avoidance of "cold­
shortening'~; and they have published data showing the retention of 
rest length in the sarcomeres of muscles which were elęctrically stimula­
ted whereas control sarcomeres shortened, when both were exposed , . 
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T a b I e 2. Mean sarcomere lengths (µm) · ~n con.troi and . eiect~icaUy-stjinql~ated bovine /. dorsi 

muscles , 

Control 

1.07 
1.58 
1.86 

Electrically­
stimulated 

post-mortem 

1.59 
1.60 
1.86 

' - ' 
- • J • 

; ' i 

Subsequent treatnie_nt . . ~- r 

• · · . ; i ~ .-:- 5 : . .i. ,. -- · 

. . . Ref erences 
induced "cold-short- -- h1gh' temperat.ure .... · :-,.• . 

-ening" conditioning· .. •. · .. .' 
,. ' ,I, ·1 ~, ... j ')I,._ • ~ • 

+ 
+ 
+ 

~ ( ' 
.,. .' 

[l:Ż] 

'[26] 
[45] 

to environment~ causing "cold-shorteriing" (Table-2). Others have attribu­
ted the benefit to e~rly and _ extensive conditio:Qing changes arising from 
the combination of low pH with in vivo temperatu-res -(45, ~-6]; and their 

•histological data sho·w no significant-. differences· betWee-n ·the· sarcome:rte 
lengths of electrically~stimulated \ ąnd co~trol -muscles (rrable 2). Those 
who suppo.rt the former v-ieW; how~ver, have deliberately' e:Xposed their 
samples to "cold-shortening_" c_ircuµistances and .thus have preclu~ed h~gh 
teffiperature conditioning _ [12]; whereas, those .who implicate. higb · tem­
-perature conditioning have carefully . avoided ''cold-śhortening'' [26]. 
It is evident that ·both · phenomen~ cą.n be involved· -in accounting for 
the .tenderizing a~sociated with post-Tnortem electrical , ~ti.in~tą:tion : the 
temperature which the meat subseqµently · attafńs ' wi~i-·1-detertnine . 'Yhich 

• • " .. - • , • '~- f - '.,;.r .. , - , , . 
predom1nates;. . . · . . · . . . _ ... •-,.~~ -~-~, ~: , ,.l. \:· .,: 

Although thę b~eakdown of various ~omp~h~~ti/ óf_ ;~~~d~ ·has . been 
detected dttrińg conditioning, the changes in no ··on~ Óf 'the~~e has been -
unequivocally shown as· -crucial for·;· t .enderness ·'incr.e·ments. ··~ -:penny and 
Ferguson-Pryc~ · [41] demonstrated that troponin .T .• wa§X' próteolysed 
during c9ridition1ng -by c~lcium-activated sarcoplasmic faetqt; _• (O.ASF,: cal­
cium-activated -neutral prote~se) above pH6'; an~ł'oy catn'epsin.• -B · below it . 

. CASF · also attacks proteins · ·in -·the .vicinity! of the :z ~liries· ~(probably 
desmin), M-line proteins, al?-~ .~ropomyo'sin -[40] and the so-·called ', ·"gap~ 
filaments" [35]. At 1ow pH~ · ·and ' related · hi,gh~--tem-perature-, 1durirtg con- · 
ditioning, lysoso~l: eriżyme~ degrade ,·· the·- •mic6p9·lysaccharides • of th~ 
gro und substance '[23] telopeptide· ,CfOSS·;.Jinks in -·collag.en ·[2'4] and, belów 
pH5 or above 35°C, . over sorne ·days, ... tnyo~i~ -and actiri. [4l]'. '. ·: . 
· Conditioning cpanges - as asses·sed -by· the decrease; .in · shea.r.. for.ce -­
have a high temperature coefficient [20].' By cbrhparirig-the . temperature/ 
/pH history of control•· and electricaily-stimulated ·.' muscle, G.eorge · et 
a~L [26] calculated that such conditioning • ch~ng·es:~proceed ·at-abput-JWice 
tp.e . rate in the latter during the first 24-30' . hćntrs· · p-dśt~mortem. _;:. ~n 
circuffiStances -wh~n "cold-shortening" was· avolded.: by ·ntTt -~exp~sin·g ~the 
·muscles to ·environmerital temperatures below 16,~.C . ·tlrttiL .8··~bou:r:s. -po.st~: 
mortem. · After 21 days ~torage at 0°C, the tenderrieSs• of cotitr<:ii' .. mus·Cles : ·. 
iemgths of efectriciłllY-Stiinlllated and controbmu~ćles c ,ęrapie{ 2): / l'~~s~ --.. . . 

~ .. 
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had __ ~~ncreased substantially through the operation of conditioning processes 
at tne norma! rate; but it was ·still slightly less than that of the electricallv 
.s~irpulated ·mąscles at this time [26]. . ., · : • 

lin tl1,"eir pal)er, Georgę et al. [2:6] piesented histological evidence !which 
· sh~Wed-. ~l~arly tłlat, in ~lectrically stimulated bovine ·:1nuscies, Jin Which 

' • .. . • I I • • . 

nęąr in .vivo _t;emperature and loV( pH had prevailed, hands iof denatured 
pr~tein- formed graduallYi within ihe fibre.s. These were sil]łilar to those 
9~ą:erved in the musculature of pale, soft, exudative pork [9]. In ~o far 
as the pr~~e}~ of electrically stirp.ulated muscles conform to expeątatio·n 
ancj den_attire, ;theiefore, One apparent anomaly of t~e procedure has been 
resplved: Thel;e remairis to be exJ?lained, · however, the absence of Ilłarked 
exyca-ation>in ~lectrically~stimula~ed bovine muscle. As remarked above, 
su'jh Jośs :óf \Vater-hc;>lding capac¾ty is Striking. in PSE pork! in th~ deep 
-mu;sculature 9f beef hindquarte~s and when in vivo temperature and 
loV? pH are combined in vitro . .It is feasible that the accelęration of. 
co~ditioning Changes, . wJ:iich is ope effect of the fast pH fan: ac~ieved 
by; such ; stimulation enhances intracellula;r osmótic pressure sufficiei:itly 
to ~·~ccomodate the loss · of water-holding capacity by the muscle . proteins. 
<;ettai~ly ~ormal -slÓW cOnditioning of beef at 0°C has this effect [f3, l8]. 
Orf the other; _ hand pork u·~dergoes conq.itioning cha·nges to a greater 
extent than b_eef [30] and ·this mig-ht have been expected to -raise :int~a­
celłul~r . osID.Otic pressu're even .mare than .with the farmer type of : meat. 
PossiQly the proteins ·of · pork (~. "whit'e" musclę) are intrinsically rriore 

· la bile tltan-~ -those of bee.f. There : is some evidence that the pro~eins · of 
so-called ·"wh.ite'~ ~uscle generally are more ~eadily denatured; post­
mo.rt~rr{ than those of the so-called "red" type [32]. · Again, the sarcolem·:ma 

· of~citcine inuscle iS mare pęrmeable to water than that of beef [26J. -. 
, I ._ f' ,. 

. STIMULATION . P.ROCEDURES 
) 

. : . 

, ·,,. '. ~he· s;ientific iiterat~re on eiectrical stimulation indicates .· th~t the 
.. ę4lect:i-Ode system, the type of current (vQltage, frequency of puls~s _3-nd 
· dufati9n); the .pathway (via nerv.e or . ~irect) ~nd .the ~ime : p .Js_t-rrt'Jrtem 

· hay~ .,i-aried .' c_onsi~erably betwee~ 1 investigators. ·Bendall . [7] '. has_ com pre-
. her:isively·reviewed'. the_ P,ositio~.4 

• •• • : _· . • • • • • ~ 
~ 1 ~A select'i~~ .fro·m , tli~ many variants .has been g~iven i~ Table 3! M~st 

: iri\!~stigators'' appear ·'t() haye applie4 ,the _curreht yia the th;orącic re~on 
· arid to .have. used · the~ Achilles „ tendon ręgion ·tor-· the ret'1rn to i ea.rth. ' ' ' ' . t ~ ~ 

. Su~stąntially' :different v,óltages. fave bee~· usedr . Although : loW vóltąges 
· (~ 100) · a.re intrinsicallY safer fn opera~ion _ [7, · 12), tha1ł voltages - of 

50.Ó+IOQ'O, ! oi'·more~ -mo$t :investigators havę fo11nd them l;e_ss } consistenf in 
~~ffe'ct.--. Tabl~ 4 'illustrates this·' for ~ bovine z. p,órsi and semimembranosus 
-mu~c.les~:.M~reover, high: voltageą are effective when applied for 1.5-2 mi-

,., 

I 
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. Tab Ie 3. Modes· of appllcatlon of electrical stimulation to lamb and beef carcases 

Species Unit of ~peration 

~ 

. Lamb Carcase:. rtCCCe mtact _ 

C.rcase: neece remóved 
-··"":" , 

• D,._.f-, ' 
- ~ '· \ .. nressed side · 

. ~-
..... "i .. -

•• i -·.B~f Intact or . dressed: · . . ., ' 

., 

.. · carcases or sideś · · 

-.. 

V . ,- Bćef =. · '· · I. .Dressed side 
'/" ,-

1 li,,~ ='J 

', ,' 

Arrangement of electtodes 

Jive earth 

Multiple: horizontal: · · ~,-- ~oo~, . Archilles 
contact w. dorsal regipn . teildon to banging· 

. . raił 
.,, ,, 

St~l pin at -3rd/4th 
ccrvical vertebrae 

I 

Metal 'clip attacb.ed seve-

·~ ,_, 

,, ,, 

Clip,. Archilles _ 
red n&k - - · . tendon . tb -,banging 

" raił . ' ;·.:. · ~ _ 
, .. .. _.,-~ -~~J - --... \ - \ ~ 

•· •I \ 

.... 

s·teel pin-:~·insert~d ih mus- · Pin: ··1n , muscles ,of 
·1·1 cles \)etween

1

r~~ula/t~o~ . . ~o~~d nt~·~chllles:. 
I, J - - -.. ._ ., • • l _ ( • -

racic vert.. . ·. tendon·- :: .-_ .' ... - ~ . 
• . . I~. • 1._•r l ;-. 

1 

• - • - _. _., •~ -

:~ .~ ,,. • • . • - I -

' · ~ : .> -. : l.Jief :~-· .. ·!. -- ,_ • :]ntact and _ Rectal, p~obe.-M-tUtipoint- Hook, Archilles 
; .: ·-\; .. , · (_ , '"' ~~ side .1 pins in hi~dlim~ (bicepsf: teii_do~~ to rai_l, . 

Current 
voltage PPS 

3000 

1600 

. 12.5 I 
12.5 

2000 

700. · 
(Peak) 

ts 

~ 

2s -

.>. 44() , - .- SO 
:. ·80(f ~-

,. - '"' 

:-, -(P~k) 
. .. - • I 

'· ··uo 
·(max) 

:40 

1 · 

References 

(17] 

[2·1] 

[8] . 

(43] 

[11J ~, 
!-" • ~- l. " • 

. -.. , -· · , · · · ·, · 1sn· d · k -(b · ru· · · .), , · 1 - ... ··- · - .· .. :.:· .. -- ··· . -· ... · .· : - .•.. ·an nec: . rac o• ·.··:- f~-- __ , ,... -~ ... -

·_'·L•tc·•f:./:.;_-} •;~ / :>:·- .> ;; · cepha,i.) ; .·· . . :- . .- .; •:':=: , . ·.-·. · -~_,::\ ::·_,: .-. · .. . :-_\ l \ .- . 
-- -.-~~--. · ~- :--·, ·- .. ·~·-_ ·-·; ·_· -.:· :, _•· . . ·• .. \ _., ;.... • ...,,·:.: __ ,-- .·-:·.-; . -. . \ ; ·_;.,.·:I .•.. ~- .· _ ... ~·: .-~ 1-::--- <, y-J- • 

• .., . ,..,._ . - • •. • • ir •..•.• , .• ·•· • - , - .cal vert.•.. ., ., ., -~... , . (Peak) . ..... : " . 

,-'' 

1}: ~ .. ·~ 

-

t,..) 

°' o 

~ , ,; .. 
';,..", ·,. 

-~..}~ :r~ . ~. 

. 'I :-_~-.~ 
! ' ~ :;/: ·{ 'f:;. 

,~ 

-~' . ·:·.~/) _- ---~-~:;~) -~f--. :~ .. · ~,I)~s~d~ . .- ~ S!eelpm_~t3
1
rd/4th:_ cerv1- , • . ',, :.: ---~ •.• . '· 19()0. _,_.-!4 :: 1·- •:·; -.-~. ~-

I ·"~ ~ ·.: • :·; : ' •. - .. . ..,;~ •• -~ • ~ •• Ą --~. ' ~ . , • ' • • .• • .:. - • • :: • • - '· • •• ~ • , f.. • • " ' : ~, ~ •• I ; • :(11 l 
·- :-.

1 
-· •• ,, -_ ~-; • 0 . .. -\. ·1 

· · 4-(mult1p~mt) ąi ~md~_ ,, ... ,~ ,,. . 1 . : . 4S, -14 ... • · 1 
• • 

"'~ • ..... li:-.,. 
~f: j : 

I
, li ' •Zr.'J 

. ,. ;~ ~:•:/· 
1 • · • • • • - ....1.._ l· , 1· b' - 1 . . , m k) 

.•l•r•, ~~' • ,,' '•~ ':- •· •. •, ,•_•,.. - • -• • ;_. 1m ~imusc es \.l.ea l ' 

' ••: ._, • \ _:: ... :· •: .;_ ' : • . • • .•. : • ·.: __f_,_ _ ~ - _..:_ _. • __ -:->' __ • d o i · L . _ _,__:__• _ u _ , __ . __ , __ , " • • - ,. • , 

::; - ('-'°)_ ~ .. -. ., ; ..., t „ł • \ ._· • 

.-. .... 
... .. 
ł 

, ·, ,. r,' ' • -•• 4 .... - .. - .. 
\ . __ ;:' . ·1 ~ 
·•\ \ > ',; .. .... 

" 



Electri-cal" stimulation 

. , 

T a b I e 4. pH changes in bovirie /. dorsi and semimembranosus muscles stirnulated 
immediately after bleeding, at 25 pps and various voltages over 2 minut;s (after [81) 

· Peak voltage 

o 
20 

100 
250 

600-700 

I. dorsi 

7.04 
6.66 
6.38 
6.34 
6.28 

pH 

semimembranosus 

7.04 
6~90 
6.64 
6.38 
6.28 
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nutes; whereas longer times ("-' 4 minutes) are normally required with 
voltages of the order of 100. 

~ecause ~_f differences in their intrinsic electrical resistance, intact 
carcases will allow mare · current flow fo r the application of a given 
voltage .. 'fhus, for example, a peak voltage of 680, between electrodes 
20.0. cm-, ~part gave a peak current of 5.2 ar.nps with intact beef carcases . 
{wh~rein conductivity is high because of the relatively large cross- • 
sec~ional area and the presence of the wet gut contents), 3.3 amps with 
dr~ssed carcases and only 2.4 amps with dressed sides [7]. The latter tend 
to jerk _outwards since there are no contralat eral intracostal or l. dorsi 
muscles to . opposę moyement [6]. 
· :In. respect of other aspects of the current; optimum pulse rate appears 

to -b,e between 15-25 pps (higher frequencies tend to be relatively ineffecti- -
ve . sillce· they· fall within the latency period of the muscles-concerned); 
_and.

1

the optimum pulse width is about 20-40 milliseconds (shorter widths 
/ 

may .... fail to activate all the muscle fibres). · · 
The · response of , beef carcases · to electrical stimulation falls off 

qUickJy .after about 50 minutes· post-mortem [8] and that of lamb· carcases 
even soóner. · It is thus desirable , to apply the current within about 
.30 mińutes óf slaughter. Since isolated muscles, on the other hand, will 

. respond-as well at a~hours post-mortem as at 20 minutes [5] it appears 
respolld as well at -3 hours post-mortem as at 20 minutes [5] it appears that 
in ełe.ctrical s.timulation· of the carĆase or side the musculature is usually 
high, direct stimulation of the mu'scles can occur at a later . tińie [16] when 
decay of the nervous pathways has ~ade low voltages ineffective. 

The importance of a still-f unctioning nervous system in making low 
voltages eff:ect,ive has bee.n re-emphasized by recent Swedish work [42]. 
By. placing one electrode in the nerve centre of the muzzle (and earthing 
Via the Achilles tendon) dui-ing the first 10 minutes post-mortem,_ a typical 
ac_celeraiioil of-post-mortem glycolysis ·was achieved by applying various 
. s-titnulation procedUres lasting for 1 minute and having a peak voltage 
of ·BO~-A current: of 14 pps, applied ei\her in 1 sec pulses or continuously, 
was.,,,effective. · 'Although the peak voltage was . 80, the duration of each 
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-
peak was only 5 msec and the actual voltage thus· very Jovv:·; -being · thus 
relatively safe in , operation. Another low voltage procedure is to push 
.. a plastic pithing rod (with _· an electrode at its tip) doWn the spinał cord 
immediately after bleeding. The current used with this device )s .. pulsed at 
25 pps for 2 minutes, the peak voltage being 140. [7]. Su<:h procedures 
.also have obvious economic advantages; but not all abattoirs would be in 
the position to stimulate. carcases SO ea_rly post-mortem. . 

.PRACTICAL IMPLICATIO~-

-

It is evident that, whether applied to intact J· or :d~essed carcases, · or 
.sides,. electrical stimulation i~mediately- ,post._mor'tem petmits fast coOling 
-~f meat wit,~out danger oj- "cold~shortening" .and toughen~ng., Such early 
.stimulation might. not bę feasible. irt. ~~l . abattoirs; . and the procedure 
~an be .dęlayed until about. 30 ·mintites : po.st-·mortem [27] witho_ut much 

. ' 

.loss of efficacy. 1 ·:_· •• . . - . 

Mo.reover, · in most cases carcaseą · can b~ f rozen swiftly, .after electrical 
..stimulation, without pre-rigor freezfng and-resultant "thaw-rigor-". There 
~s a phasę in post-mortem glycolys.is, hoWever., .w hen the mu~cles„ although 

- no 'ionger susceptible to "cold-shortening" ;. ha-ve • still · ~ufficient ATP to 
- pęrmit pre-rigor freezing . a~d thus -the ~arke.d ~- .toughenin.g _ .. of ·"thaw- · 

rigor" subsequently. Pelvi9 ·~hanging app-~ars. <.recessary .. for· maximum 
tenderness in electrically (stimµłated ,beef carcases .,if -these··"~re to be 
placed into blast freezers within 30 minutes of, s{hn~lati~·:p: I4·7J;.· When 
such rapid· freezing is intended this· should, be .delayed :untif 6 hours _after 
stimulation . [7]. . . ~ -· ·· _.. . 

I . . ' 

Apart froin the avoidance . of toughening,. electtical stiniulatio~~ .. has 
• I· -- • 

been associated with an enhan~_ed . brightness ·of the red ·colour ··on. meat 
:stirfaces [44], · possibly because· • the·. proces~ . de·pl~tes ,- the· nietabolites of 
surviving oxidativ.e pathways in the muscle- and damages ·-their . enzymie 
·organization, or . becau~_e) :the fast fall . in pH causes _ ińcreased light 
scattering. Particu_larly in ·USA, _ the_ early carcase g.rading ·which elect:dcal 
.stimulation permits ~.has •been ·_an .add~tional adv.antąge; __ of the_ procedure~ 

In endeavouring .-to assess the practical implications . of the . proces~ it 
-.is in1portant to appreciate. that, concomitantly with the dest~e :to _enhance 
·the efficiency of ab.~ttoir operation$ by speedi~g througqo:ut, ther.e ,., has 
been an increased tendency . for abattoirs to undertake the. centraiized 
preparatton of prepackaged- cuts, b9th of- ,commercial joints~ ańd·, of 
portions for the individual consumer. This has reflected oharigińg ;patte:r?,S 
,of consumption-smaller famili~s, .canteen ·~ealsi convenience:·, f0ods;; and 
d~omestic freezer-cabi:ą.et ·stora.ge/ Moreover, deboning .. ot' . the· s~ilY.)10~ 

· --ćarcaśe and -vac·uum:-Rackaging ··9f the .wa~~,. cuts is .a. furt~er : e~t„e;Ilsion. · 
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-of. theą~ te~dencies [19J, which have been shown to · diminish evaporative 
.and exudative losses. , . 
· Wtth Such relatively small portions of meat, electrical stimulation of 
the~-·carcase· or side could prove especially usef ul in avoiding "cold­
sp.ortening", sine~ the latter would otherwise be readily induced under 
the ··very · r:apid rates of cooling which would occur with them. Moreover 
the '. rapid lowering of temperature would markedly lessen microbial 
gfowth--:- a factor of importance with portions of meat having a large 
surface . to volume ratio. Unfortunately ~ however, ~lthough the toughening· 
of "cold-shortening" would be easily avoided, these very circumstances 

. w~uld prevent the positive contribution of tenderness of electtical sti­
mulation through its creating favourable circumstances for early and 
rapid conditioning : i.e. a combination of low pH with in vivo temperatures, 
as alłuded .to above. Thus, storage of hot-deboned muscles from electri­
c~liy-stimulated beef sides demonstrated that whilst the bef?.efits of 
~cc~lerated conditioning were noteworthy at holding temperatures of 
2'5°-35~C:, _when toughness was reduced t6 half its initial value in 0.8 day, 
this. deg·ree of tenderness took 22 days at 0°C [1]. Moreover, it was 

· foul'.).d<\that -microbial numbers doubled for each 5°C rise in storage tem-
perature . 

. ~ . 
In this generał context, ·electrical stimulation has also been appliec;I to 

~usąlęs after _their removal 'from the hot side, using various combinations · 
9f voltage (~5-300) and frequencies (8-25 pps). Since hot deboning in 
,certą1n tropical countries may involve exposure to am~ient temperatures _ 
o~ ·.~0°c.:.~o~C, it has been of interest to assess the effects of electrical 
stimiilation in such circumstances, where early excision of muscles can 
cause .co.ntraction and toughening during the onset of rigor . mortis. 
Ęleciric.a:l stimulation (100v, 25 pp3, 4 mins.) of hot-deboned .bovine l. dorsi 
muscles was found to achieve a marked tenderizing eff ect over control 
muscles either held on the carcase or exci-sed when the meat was · 
subseąU.ently exposed to temperatures of 30° or ·40°C tor • 5 hours. 
(S. A. Bahiker· and R. A. Lawrie, unpublished data). At the latter tem­
pei::ature, howeVer, and in contrast with the findings at 30°C, there was 
appre~iably 'greater loss of water-h0Iding capacity and, . subsequently, 
gr'eiiter development of microbial numbers. Moreover, the tenderness of 
the 'elecfrićally Stimtilated · .muscles was less marked. 

,, I 

i .. ·· 
I -.. _ 1 

' ~ 
f ' ~ • 

•· I. ( 

CONCLUSIONl ' 

' · · If mąy: be th..at the solution t~ this diiemma lies in subjectingthe \farious. 
jqints ~Ilą pórtiÓns 1;0 · diff erent cooling regi:rhes'. Muscles diff er bioche­

. · mt~lłlly.: Neiip._er ,in th~ir. :tesponse. to c<cold-shortening" nor i:ri. their con­
ditioning' .. behaviour are they identića,I [3, 7, 26]. This approach may well 

. . 
\ 
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- I 
be expedited by the electrical stimulation of individual niuscles -or ~g-roups: 
'in a manner appropriate for e~ch following their .partial .···:or-- cemplete 
removal. from the hot carcase. ·· · · · · f ·-- <: 

In conclusion, it should ·be recollected that the ~1·muscuiature· from . -

electrically stimu~ated carcases, notwithstanding its ~ad~aątages : ih term~ 
of tenderness and colour might not be suitable for .all' pu-rpó_ses. Thus, 
it ~ould be less ·-useful than nonstimulateq . muscle for thę production 
of those cured and freeze-dried products which :depend' upon the near in 
vivo levels of ATP at time- of processing for their .high'. w~ter-holding 
capacity [31]. 
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POPRAWA JAK0SCI MIĘSA PRZEZ ELEKTRYCZNĄ STYMULACJĘ 

Food §cience Laboratories, Depa-rtment of Applied Biochemistry and Nutrition, 
University of Nottingham, England -

Streszczenie 

I • Elektryczna stymulacja mięśni w tuszach bezpośrednio post-mortem wydatnie 
przyspiesza przemian~ glikogenu w kwas m!ekowy. Wskutek obniżenia ~H mięśni 
do 6,0-6,4 w ciągu kilku ' minut proces stymulacji usuwa wrażliwość mięśni na 
skurcz chłodniczy i stwardnienie„ przez co pozwala na szybkie z~mrożenie mięsa 

· .(~ ~ z~stosqwaniem lub bez odkostni~nia'. bez wychłodzenia), polepszając tym samym 
:el{on-omiczną . efektywność procesu. 
: Wpływając na o·bniżenie płl mięsa w ~ temperaturze przyżyciowej zwierzęcia 

elektj-ycz·~a stymulacja pr~yspiesza rówpież znacznie przemiany dojrzewania (w tym 
ró~ni~ź ~wi.ększania kruchości), które normalnie zachodzą powoli W m1ęs1e po 

.-uboju·· pod wpływem enzymów uwalnianych w tych warunkach z lizosomów. Ten 
drugi e:(ekt ~ zwiększania krucności mięsa · zatraca · się jednakże, jeśli zamrożenie 
jest .zbyt gwałtowne. 
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W większości stosowanych systemów elektrycznej stymulacji prąd· -jest podłą­
czany do tu~zy lub jej części w okolicy piersiowej zaś uziemiany prz~z ścięgno 

Achillesa. Jakkolwiek napięcia mniejsze lub równe 100 V są bezpieczne, to ich 
wpływ wydaje się mniej zdecydowany niż wpływ prądu o -napięciu 500-l0Ó0 V. 

' Optymalna częstotliwość wynosi 15-25 cykli/sekundę, zaś optymalna amplituda 
pulsacji 20-40 ·milisekund. . · 

Ponieważ efekt tego działania na tuszę ustaje po 50 min · po uboju, .prąd naj­
lepiej jest stosować ok. 30 min po uboju z powodu pogorszenia się z, czasem ·droż­
ności połączeń nerwowych. Izolowane mięśnie mogą być stymulowane bezpo­
średnio, nawet po wielu godzinach post.:.~ortem, wymaga to jednakże zastosowania 
znacznie · wyższych napięć. 

' . 
Przebieg elek~rycznej stymulacji w celu uzyskania optymalnej kruchoś~i może 

być dokładnie określony na podstawie biochemicznej charakterystyki indywidual­
nych mięśni. 
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