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RICAL STIMULATION OF MATURE COW CARCASSES AND ITS EFFECT
S MYOFIBRIL PROTEIN DEGRADA AND FRAGMENTATION.
E.B. SONAIYA, Department of Animal Science, University of Ife,
Ile-Ife, NIGERIA

apucTION

sjactrical stimulation has been demonstrated to improve tenderness in beef, lamb and goats

ot als 1977) as well as in cows (Mekeith et al., 1980) but the mechanigsm of its tenderizing
has not been ascertained. Cross (1979) reviewed the three theories proposed to explain this
The threas theories are: reduction in cold shortening capacity (Davey et al., 1976}

(o
29 11 and Hagyard, 1976), disrupture of the myofibrils due to the massive contraction provokead
-trical stimulus (Savell et ala, 1978) and increased activity of acid proteases due to the
casses dﬁ: : produced by electrical stimulation before rigor sets in (Savell et ale, 1977).
. _11n°g electrically stimulated carcasses that are not frozen or rapidly chilled still show
: d tenderness over non-stimulated carcasses under the same conditions, it would appear that
€1 car- on in cold shortening cannot explain the effect of electrical stimulation. The formation of
turs bande and disintegration of the myofibril have been attributed to rapid postmortem
st . ysis (Cassens et als, ?963) and electrical stimulation (Will et al., 1980). Increased activity
> en- thepsins and B-glucuronidase has been reported (Sorinmade et al., 1978) and accelerated autolysis
R.W. gon observed (Will et ale., 19B0) in electrically stimulated muscles.

Inereanes in tenderness have been related to increased myofibril fragmentation (Olson et. ale,
and to the appearance of the 30,000 dalton protein on SDS~polyacrylamide gel (MacBride and

The effect of electrical stimulation (ES) on pH, temperature, myofibril fragmentation index (MF1I)
n the time of appearance of the 30,000 dalton protein in SDS-polyacrylamide gels was studied.
pature cows were slaughtered and dressed. Each carcass was split into sides; one side was
rically stimulated while the other side was not stimulated and served as control.

‘Electricnl stimulation was performed, within 3Omin. of bleeding, with an Elther hog stunner

o deliver 300v., 60 Hz a.c. for 1l.5sec. duration after each 0.5 sec. interval. Total stimula-
) time was 120sec. Bacon hangers were used as electrodes and were inserted in the biceps femoris
@ and the sternocephalicus muscle or the intercostal muscle.

Teuperature and pH were measured and samples were taken for MFI determination and SDS-polyacry=
8 gel electrophoresis (SDS=PAGE) from the semimembranosus, longissimus dorsi and tricepa

ii muscles at 0, 3, 6, 24, 72 and 168 hours post-stimulation (PS)e Werner = Bratzler shear
measurement was made on steaks removed from the three muscles from hoth electrically stiaulated
i contrel siden at 24, 72 and 168 hours PS only.

porature end pH measurement

Teaperature was measured with a portable Koch "Electrotherm” digital thernometer equipped with
inlens steel probe while pH was monitored with an Orion gel-filled combination electrode

i6tad to a Corning Model 12 research pH metor or to a pigi-Sense LED portabile pH meter. The
oneter and pH electrode were inserted in fresh locations for each measurement. Crossed knife
A8ions were made to admit the blunt electrode,

BIbril fragmentation index

MF1 was determined by following the procedure of Olson et al., (1976) with the following
lcations 2¢ muscle samples, obtained with a coring device, were used inetead of 4g samples.
tnization was performed with a Polytron instead of the Waring blendor and sedimentation was
USted by centrifugation at 2,500 x G for 10 min. instead of 1000 x G for 15 min., otherwilase
T:;“'““TO followed was identical to that of Olson et al., (1976). The changes in speed and

in centrifugation were made to avoid freezing the samples as preliminary studies showed that
lin increased Mri especlally when ES is applied. The chosen speed and time were found to
8imilar rerults to those of Olson et al., (1976) i.e. samples stored for 72 hours gave higher

th

80 samples stored for 24 hours.
Polyacrylamide gel electrophoresis

v

:’?zibril isolation and purification were porformed according to the precedurs of Goll and

s 967). Gel electrophorssis was performed by the method of Weber and Osborn (1969) for muscle

Loty * To 50 ul of 10% SDS solution was added O.5ml purified myofibril suspension (0.5 mg/ml
Content), The mixture was boiled for 5 min., cooled and them 25 ul of 1% B-mercaptoethanol




ware added. Thirty sicroliter saaplee (15 ug protein content) weire elewctvephorssed at i ¢
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The B
¢ 5 faly briosk
vars placed in atalning solution (0,125% Coomussic blue in 45.4% methanol, k6% glacinl acetie 801 ' R'G.;-gor ¢
and 50% water) for 2 hr. at room tempsratura and destained in a solution of 7.5% acetic aciq Sﬂn‘d. t'hn;_T.I‘ aiic
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mathannl nad 87.5% woter for 24~LB houra. Bend positions were measured and relstive mobilicy

ice HOBs
enrloulatad,. The melecular waiphts of the bends ware determined using BI0-RAD low mwolesculay I agric
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Staskmy #oScm thick, wore cooked in a praheated Blodgett electric forced alr convection ovan Fyf!lz'lst ;th
(165C) to an Snternal temperatures of 65.5C (as dstermined by both thermocouple and thermometer), ! GF.;' Sud
ALl ateaky wors allowed to cocl to room temperature before six (for the SM and TH) and thres {for - :
the Li}j 1.27cm caros ware removed parallsl to the wuscle fibers, Each core vas shearead twic
the avermge shear force for sach steak waz recorded an kg of force per em?,

stendardn {(Ovaldbuming BSAj Phosphorvliacs By B-galactomidane; 116,500 andé Myomin: 200,000) s pye N
the larpes number of gelm in this study, & computes program using FORTRAN was developed to ““lculz

reletiva mobilitles using ths Weber - Qaborn squation, and wolucular waeight using the mathod of ta
larnt aquaren as outlined by Pollard (1977).

Hargey - Brateler shear force determination.
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neta weres saalysed using the "DOS FORTRAN: ANVCRHP Computer pregram of Hemderson (1974) which
s an analynis of variance subroutine for balonced desdgur. Date transformation, Linear, multiple
and polynomial regression anaiyees, pooled and two-sampia t-test as well as data plotting were
executed by MINITAB IX {Ryan 1976).

RESULTS & DISCUSSION
Myeflbeil fragoentation

MFY jnereased (P« 0.01) with time in both stimulated and control mumeles {Fig 1). Nelther
treatwent nmor musele had e nigaificent (P 30.05) effrct on MRI althouab atimylation conaintently
produced nunerically higher MTLI att all timer. In qenaral the *riceps brachii muscle had highar atdaulated bee
MFY than the samivsubranosus and longissimus dorgi wuscls (Table 1). ‘The MFI valuesm ebRerved in pEr, Mew.,; nd
this atudy wersz pniformly higier than thoss reported hy Oleren et al., [1976) fer the peme nost-nortes Blochon. 1. 16
pevivd,  This may reflect the differences in procadure for wrofibril Laclstion hetwaen thia study Cey Jaubers
and Olpoen et al'as, Myvolibrils bews Puaon lasglated at Ai{lrreat snomds af centrifagatior (Gall and gerensirg tea
Robaom, 19671 Maller et al. 10731 Oleen of al.y 2978) but it is not il ikely that she isealation dny S0, Cro
procednra oould affect MPI. Further studins are nesdad to rsscertnin Lhe ffaet ol difierent Speaeds yme activie
of aentrifugation an WFX. The 24 hr, PS. MFY in this atudy were shnovmally high (Fig 2) and lie » Conga awis

ouwtalds the axpertad anymptonic Curve for MFI (Dlann st al., 19%6). This saeomaly cannct be aapily
explainaed and may ha cus ta experimental ecror, However, the marked marseawent in the ahapa of the
MFL plots of thie study snd that of Olaon et nle, (1976) ssen ta indicate that the relationship
betwaoan NPT apd tlma is truly describad by an agsymptotic regression and is dacidedly nom~linear,
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Tz tine af aprearance oF the 30,000 dalton pratein was neted, In some replicates, traces of k-
thils pretein appoared sa sacely A Thr, PE. (Tebla 8} but was prasent Sn grastest intensity in all
mpacles by ¢2 hr. PS., and by 260 hr. PSe wes already fading in intsnsity ox bhad Qiasppesred. In
ganeral, there dld pot a2en $o be n warked treatasnt ofvacy on the ¢ima ox extsnt of appsarence
of “he 30,000 Aatian proetein,
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An Zperessa Ln MEYT has been sarecistes with degradetion of tropapin T and the 7 - disk by the
ealeive aptivatbd fantor fLal) cad tha eppuarancze of the 20,000 dalton peotain (MecRride and Parrish
19273« in this stusy the lavel of resoluvion of protein basds on DS gl wes insufticient fo shod
apecific degredation of rropeain T, and whe oppezerance of thae 1,000 dalion protein was poincident
with decceased MFl. Thoese resnlls indicelo thet electrical stimulstinn did net produce the prosceibs
affects of CAF sativity, Peany and Favgueon-tryes (1979) ropartsd thet the wajor contrihution te
protsciyale of trepenin @ csma frow the o systen containing cathaprines Schwarts swd Bird {1fu
observmd thot cothepsin D degradad Smslssed Feictin at abowt 10% tha rote of attack on myosin. THE rturuhcd
proteolyaia 1o prometed by the condfiicn of lov pH at high temperature preduced by ﬂlﬁctfic'l__
stimmlation appesr o be due principaily to esathepsing (Sevell at sie. 19771 Ssrinmwada ot al., 1978
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Blactrical stimulation lovered p4 valuss signaticantly (P 0.01) in all mascles as ronpared vis
the contral {{able 1), Diflerasnces in FH betuean the theee muacles « SM, LI, 1B - ware not i gnifas
cant (P> 0.05) myggesiing thet elagteleal stimuintion was o akly sffectivs throughout the carch
Blectrieal siimuintinn raised carcoss tewparaiure bud thle increcss was pagated by 3 bira PSs (rables
Howevar, differences in (empmraivee botween trestments wers not slgnificent (B »0.065) while dif“r‘"
Aus o musclex wara highly wignifisant {(P£0.01),

Warnes « Aretzler shear foree.

Shear foaxree valves were sigundficaatly (P&0.01) affectad by electrisal stimolation. At all
sampling timer, shesr force wes lower in stimulaved muscles than in conteol mumcles (Fig 2)e Anong
the thres muscles, TR hsd tha highost shear force followad by &8 auvd finally the LD with the lov.tﬁ
shenr fovree (Teble 3}, [vorsaszed moat tendernaes haw bean mapinined by ineressed MrI (olson cf i
1G76).  In thin study Che incresses in MFL of electrical ly stimulated maxels axzplained ahout 21%
of the decrearws ju shear forca.
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"Table 2, Time of appearance of the 30,000 dalton protein on SDS gels of muscle samples frog
atimulated and unstimulated sides of cow carcasses, 20¢

Time post-astimulation (Hr,

Muscle Trcatment 6 5 61‘ 2 s ) : Bleﬂtrical
Semimembranosus Control 1 1 [A 168 ;

Electrical 3timulation 3 ; GEORGI-\KIS, E
Longissimus dorsi Control . 3 i

Electrical Stinulation 1 1 2 i -artment of T
Tricepg brachii Control 1 1 a pe rinary Medi

Electrical Stimulation 1 F & 2 £
a Results of five replicutes. b Numbers depict the number of replicates Lhat showed the protein o¢ ~.

particular time. ¢ Figures botwee: 27,50C to 30,500 i were rounded So 20,07C o4 ";'

seroduction
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