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1s INTRODUCTION

India hoo 4he werld's largest livestodk population.
Dul cur reat production is only 0.865 million tonnce, of
which goats contribute 32% and shecp 14%% {TaC, 1979). The
Indian Institute of Foreign Trade (IIT7, 1979) had estimated
the polential of our meat production and predicted an cxport=
potential of hoof and nuthon o the tune of 530 millicn U.S,.
Dellars, yearly. Unlike 4o most maat-producing countries,
aninals are not bred exclusively for meat pucpose in India.
Qur prescnt ngat supplies are primarily derived from ‘spent'
aninals (Padla gk nl., 3988). Meat from sweh onimals is

often tough and of inferior guality.

There ig an cverwhelmingly high consumer proference Zor
fresh meat 4n Indla. Practicelly all meat is scld from retail
butcher shops without exposure to any chilling prceess
{Padda gt ai., 1986). Ue alac lack sufficient infrastructural
facilities for chilling and freeming of meat. Oniy a nordnal
0.32% of the totel meat produced is processed lnts meat proe
ducts in India (IVRI, 1979), against nearly 20% in advanced
countries. The customary practice of hot-boning and the
pravailing high smbient temperature affect the meat quality,

"Meat quality" includes wholesomeness, nutrient content,
palatabiiity, attractiveness and the capacity of muacle to
retain £luids during handling and processing. Palatability,

or the eating quallty of meat, which i ilmportant to the



consumer, depends to a considerable extent on tenderness,
julciness and flavour. The varicus factors influencing these
quality traits have been studled extensively over the past

few Cecades. lMeat tenderness is knewn to be influenced by
both pre-slaughter and post-slaughter factorce. Animale-species
reed, blood=ling, nutritional status, sex and ag? at slaughtal
are the important pre-slaughter facteors influencing tendernesa.
Handidng, storage and coalling metheds affect tendevness aiter
slavghter ¢f the animal. It iz established that post-alaughte:

troatments can considerably influence the quallty attributes.

In crder to improve the gquality of weat produced and to
exploit our vast production potentials, it is essencial to
undartake sone concerted affarts to modernise the production
managenent and slauwghter, scorage and processing facilities.
It will not only enhance the confidenee of the importing
countries but also avold consigument rejecticns and huge coo-

nomic 1losses.

Of the varicus methods of improving meat guality, elacw
trical suimulacion (ES) of carcasses is a relatively rore
racent advancement. Various workesra hava reparted that 0o
improves meat tenderness in Alffarent speales of anirals.
Turther, this mothed i of greatoss benefit for use QL car-
casses which would inherently produce loss tender meat {Cross,
1975). <Therefore, it is moge suiced Cor uoe in our woat
industry.

Mast of the works related & IS have been done on beef



and lamb garcazses. In Indic zlsc, some preliminary shudics
in the {{eld have czen done on sheep carcasges (Attrey, 1930
Reddy, 1986 and Mahajan and Panda, 1983%Aa). Though a hign
peroentage of animals slaughtered hoere camprises of geats, no
werk seems to have been conducted in India to study the effcat
of 85 on goat carcasses. Therefore, tne pressnt study vaag
designed to ezamine the effacto of carcass stimmlation on
chevon quality. Tts effects on muscle pH, muscle glvoogen
content, sarcoamexe length, fibre diameter, water holding cgpa-
city and extract release volume were sctudied. Sensory evalua-
tion of meat sam»les was alac conlucted $o asseus the roesponsa

to LS on eatlng cuallty.
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2, REVILW OF LITINATURD

2,1, History

Harsham and Deatherage (1951) were the filrst workers
to enploy clactolieal stimalation of freshly slaucghtored weaf
careasges as o neans of accelerating the onset of rigor an
musculaburo, They domonstrated that a brief peraoed of EL
helped to enderice meat 21d suggested that this was due to
enhancenent ol endogenous enzyme astivity. In the some yoar,
Renfichlor 11951} investigated the use of ES as an ald to

improving tenderness in meat.

It was shown by ilallund and Bendall (1965} that an
irreversible acceleration of glycolysis was induced by a
1-2 nin ©S af pre-rigor pork muscles. Beandall {1966) ciated
that ES of Large White rork carcasses had a marked hastening
efiect on the rate of fall of pH, even when the muscles were
curarised. Decause of the risk of inducing PSE-like conditcioas
in the carcasseg, vhe esultc of the above works went unreceomn.ocd

for asome tine.

Lowever, during the early 1970s, a specific need arsse
in New-Zealand tvo overscome cthe tcughening due to pre-ricex
chilling and freecing o. lad carcasees. Carse (1973), Davoy
et al. (1976} and Chrystall and Hagyarxd (1976) exploited the
acaelerating effect of L8 on rigor conset to enable rapid
chilling or freeszing of carcasses with the minimum delay afcer
slaughter without tne danger of celd-shortening and the

resultant toughening. Thase works led ke the wide-spread



adasptaticn of carcass~DS to New Zealand factory conditione.

american and British workers like Bendall st al. (1978),
Dutson gt al. {1977, 1980}, smith et al. (1977, 1979}, Savell
et al. (i378A), Eendall {1930}, Ceorge gt al. (1980} «nd
Sonalya gt al. (1982} Ald extensive vork on beef carcasces and
coneluded that oS5 acgelerated posimortem pi decling, hastcned

rigor develepment and improved rneab tenderness.

Croso (1972} and Seldeman and Cross (1982) reviewed che
wesearch works in the {ield of carecass S and sumarised the
keneficlal effects of ES as undaers it hastens pH decline,
aceelerates rigor onsgt, prevents cold shortening, improves
gertain palatability traits, espacially tendermess acd floveur,
and improves lean colour and lean naturity. ilarédn ek al.

P~

{1983) stated that ES reduced heat ring formation.

Subsequently, the method had been uldely applled by several
workers on different specics of animals like rablits - Kang
at al. (1983) and Horgan and Kuypers (1283}, Pork « Giglel amd
James (1984}, Ockerman and Xwiatc (1285) end Prabhakar gt al.
(1986}, Shesp = Raschld gt al. {1982 and 1983}, Stolarz et al.
(1984}, Chrystall gt al. (1984), Douton gt al. (1984}, Newpold
ond Small (1985), Solomon gt ak. {1936}, Reddy (1986) and
¥ahajan and Panda (1989A) and beef - Rilay gt al. (1933),
Stifller gt al. (1934}, Taylor and Cornell (1905), Solomon

(10860;, Jones gb al. (1986) and Takshashi gt ak. (1987).

At present with the commercial avallabllity of stirulating



sguipments, ES has cmerged as s widely adopted technological
advancexnent in meat industry in many developed csuntrics

{Savell, 1983).,

2.2+ Dlectrical stimulation of Goat Carcesoes

Savell gt al., (1977) used a commerelal, lov voltage
stunning device to electrically ctimulated geat and lamb
cercasses and raperted that ES resulted in significant iacrease
in tenderness, overall palatability and sarcomere length in
stimulated carcasses whon campared ¢o none-stimulated controls.
Mokelth et al. (1979) stimutated goot carcasses using an
elececic stumner delivering 100 voles AC current ab 60 cyeles
ver second. The total duration of I8 was 50 secs consisting
GZ 25 drpulses of one sew,. cacn with one ser. pause betucen
impulses. 7The study revealad that ES goat carcassas produced
more tender longissimus dorsi, Semimembranosus and Biceps
femorls rmascles when compared to cantrols. They further
ocbserved that LS of goate could be performed with beneficial &
effects on tenderication al cny stage during the slaughtere

dressing seguence.

Smito gt al. (1980} warking at the Toxas Agricultural
Txyxriment Station, carried out IS of gest carcasses along with
aehar species and conelufed that BS increased tenderness,
improved Llaveur, brighuened rusele colour, caused Jaster
“setting up®, increased muscle firmness, reduced the need for
aging to asgure satisfactory palatability and dmproved retail

cut appearance.



2.3. Factora Influsncing Dlectrical Stimulation

2+3.1. Antmel-rolated factors.

The pre-glaughter state of the animsl influences the
effects of BS, Smith gk al. (1977), Cross (1979) and Savelil
et at. (1983} reported more beneficdsl cffects of BS on

andmale that would lnherently produce tougher meat.

Judge gt al. (19807 cbserved that sonsory-panel tenden-
ness and VUarner Dratsler Shear tests shoved stimulation induced
tenderization o a greoater degrees Iin andmals fed ne gral- or

grain for a shoct torm than animals fed long term.

Chrystall and Devine {1985) stated thet IS of animals
stresosd pricr to slaughter rcaghk forward crigor to such a
dagree that 4t developed close o or during the periced of ondi-
malation itselfa and induced toughness due to irveversible cone

sragtion of the muscles.

Vandervert e al. {(1996) roported that LS resulted in

diffexential raosponses in dAifferent brceds and sexes 3£ callle.

2e3+2+ Cpexrational factorg.

Difforent voltage levels ranging from 12.5 &o over 3720
velts pealk have boon uwsed by various workcrs for offective
stirulatlon ol carcigsses; BO~3039 volis by Harsham and Deatherage
(1991}, 630~1600 voiis by Bendall et al. (1978), 50-350 volis
by Rachid gk zl. (1983), 12,5110 volts Ly Newbsld and Svall
(1985} and 48~145 vwolts by Solomon gt al. (1986). Most recent



trends in application of BS Lse low voltages £or safety and

cooncmic recasons - Stiffler gb pl. (1984},

Frequencics ol eurrent ranging from 0.5 Hz to 100 Hz
have baen used for carcass stimulation by varicus workers -
Chrystall and Devire {(1978), Ruderus {1980), Deatherags (1580),
Marsh et al., (1981) and Takoheshi gt al. (1984 and 1987}, 1In
genaral, low frequenclos cavsed <apid ruccle glycslvsiae, vet
preduced ne extensive tilssuz-mudture - Tokahashi et gl. (19824),
and hich frequencies resulted in tiasug shatterins and carce-

mare stretching ~ Takahashl gt al. (1%87).

)

Jee of altormttiag curront or frocouent roversal of ~dlae

rity —as founl odventagoous In aveiddng eleciradc ralerizction
and transfcrmer core saturation,-— Swatlamd (1977) and Chrj~tall
axl Devire 1978} . <Chrystall end Devinc {1385) clari ied thzt

»ulse shepe Ald roc grestly detemmine the extent to which sigox

development was hastened.

The nosition of the electroda on the carcasz ghould Lz
such that it allows larger suvrfaco arda in contact with ihs
conducting elements of the gargous - Swakland (1900) and \shiar
and henxlckoen (1932). The use of varicus eloctrede combing-
ticns at different locatlons on che cavcags has been remarced -
Powell ¢t al. (1985} and Golomen (1986B), Lffective stirmlation
uaing tue metal probes, approx. J.6 x 20 om inserted one i3 the
muscles of the leg and the ctner in the asck as electroden,

were reported Wy Savell gt al. {1979), Rerry and Stifiiesr (1981},



w

Griffin et al. (1981), Schrosder et al. (1582}, Martin et al.

(1983} and Solomen et al. (1986).

MeKadth et al. {(1979) and (1981) found that effective
BES could be carried out at any stage during the slaughter—
dressing saquence. Chrystall and Hegyard (1976} cbscrved that
the voltage requirement could be gonsiderably reduced if sheep
carcasses waere defleeced before DS. Smith et al, (1979)
reported that DS improved tenderness of ealf loin ateaks
whether stimulated with hide on or after dehiding. ftaifler
et al. (19847 stated that os low veltage stiralatlon {(under 70 V)
uzes the intact contral nerveus system Sor current {low 40 the
muscles, lov voltage IS troalment Jhould be done with hide en

immediately after bieeding.,

Carcaasses could be effecti.vely stimulated elther intaoct,
dreszed or split as sides - Bendall et al. (1978, McKelth
gt al. (1981) and Srmlders gt al. {1936}. ™cKeith gt al.
(1973} found that Longissimus dorsi (1D} muscles of goats
gtimulated after splitting the carcasses were more tender than
carcasses that were stimulated immediately after exsanguina~
tion. HMahajan end Panda (12852} stimulated primal cuts from

shesp carcasses and reported bensficlal guality changes.

Carse {1973} stimulated laws carcasses for 30 wmin to
achievc pg O in the museulsture in 3 hours. Chrystall and
Hagyard (1975} achleved mcst of the effects of TS in inducing
early rigor in the £irst few minutes of stimmlation, Chrystall

(1978} and Hagyard et al. (1980) obtained pH 5.9 in one hour
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Ly BS for 60 seg., when stinulated wilthin 5 min. of slaughter.
The same pH was obtalned by stimulating for 90 sec. when the
pest-mortem delay in IS was 30 min. Shorthose et al. (1986)
considered a duration cf 90 seg., ES satisfactory for most bens-
ficial effects. They cbserved that incroasing the durzation of
BS to 180 sec. falled to counterbalance the decreased effective-

nese of ES due te post-slaughter delay in stimalation,

2.4« Dffects of RElectrical Stimulation
2'4' 1‘ Rgt

The maasurement of muscle 1 gives an indirect indicatlion
of Lhe pastmortem blechemical activity in the rmécle. Tha
stacge of glyeclysls and riger developnsnt could be assesped
by measurlng muscle pil, Therefore, varicus workers have
studled the effect of LS of carcasses.y on hastening rigor
develcpment by measuring the rate of £a3ll in muscle pH -
Chrystall and Hagyard {1976} and Chrystall and Devine {1978).
The latter workers cbservad that the €all in pH in electrically
stimulated beef Sternomandibularis (SM) muzcle cecurred in tuc
gtages: a fall during the stimulastion perlod itself, dasignated
as "delta‘ pH", which was 100 to 150 times that of the nozmal
nonstimilated rate; and a fall following the cassaticon of 79,
the rate designated as dpiy/dé, was about 1.5 to 2 times higher

than t£he normal nonstimulated rate,

Savell gt al. (1979) reported significant changes in i

valyes of muacles in ES sides when compared to controel sides



ii

in spllt carcasses. However, no significant differences in
pH values in both the groups could be observed at 12th hour
er 24¢h hour. Btheringtom {1984) stated that at the point
af death of an andmal, the muscie pH vas near neutrality and
with sdequate glycogen reserves in the ruscle, a limlt pH of
about 5.5 waz reached 6-24 houwvs afier death. lewbold and
Small (1983) obeerved that LS of muscles, sldas or carcasses
soon after slaughter gaused a rapid fell in pHl during the
stimulation pericd and a subseguent raote of £ail in m! that

was faster than in nonstimuloted controls.

Smulders and Dikelenbeon (1985) studied the cffact of
different voltoge cocmbinations used for DS, on the rate of
£all in pH. Thay reparted thst the combined effoct of high
and low volvage stimuiation resylied in a significantly f£aster
pH £all than high voltage alone. Ledwerd gt al. (1938)
zeported that the 1D muasceles from vhe 06 carcasases hal ph

valuzs below 6.0 at one hour postmericm.

Chrystal and Devine (1988) cstated that the magnitule of
‘delta-pH' largely determined the time delay befoye muscias
lost their capacity to cold shorten. The time for amacles o
reach pH 6.0 measured the combined affects of ‘delta pu' cnd
‘dpR/dt’, and was a uageful indicatory to ovaluate the effeckt

of EB in inducing early rigor.

Hofmann {1988} discussed in detail the imporiance and

various methods of measuring muscla pH.



Mzhajan anl Panda (1989A) reported that ES of mutton
primal cuts resultad in a drep in pH to 5.8-6.0 when comparsd
to 6.4~6,7 in control within 2 hours. They further observed
5 linear relation between the duration of IS and the rate of

drop in pH,

The accelegating effect of US on the rate of £all in pH
have been reported by many worhers inclwling Bendall (1978),
Bouton ek al. (1978}, Tayler gk ak. (1981), Duslgle gt al.
{1982}, Rashid et gl. (1983), Crouse gt al. (1203), HMovsh
{1983) , Chrystall et al. (1984), Dikemai gt gl. (1985),

Eikelenboom and Smuldexs (1886}, Sclomon (15856), Solomon gu al.

{1936, , Shorthose gt al. (1986) and ™mruh gt ak. (1286).

2.4.2. Husele glveogen coacent.

One of tho objectives 0 BS of galcasses is to accelerate
the rate of postmortem glycolygis in the muscie, The contl-
maing hiochenical activities in the muscle gven after deawn
of the animal result in accumulation of lactate ions duc Lo
breakdown of ylycogen. The ultimate pH in muscle is ianversely
yalated to the accunulation of these ions, The accslerated
rate Of glycolyiic changes in the muscle as a resuit of BuL had
been studied indirectly by pH measurerecnts - Chrystall gt al.
{1984}, Tearscon and Dutson (1985) and Smulders (1987). Reports
on measurement of muscle glycegon content to monitor the effcct

cf TF aa aggeelerating the rate of glycolysis ave scanty.

Dreiling et ei. {1987) had discussed the Importance of
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estiration of muscle glyconen and the factors affecting gly~

cogen conitent in muscles.

2.4 3. Sarcomere lencth and fibre diameter.

Sarcomere length and fibre digmetar give indication to
the state of centraction of the muscles. Herring st al. (1965)
demonstrated that when muscles ghorten, there ls a correspanding
decrease in the length of tha garcomeres and an increase in
£ibre-dianeter vhich are accompanied by a degrease in tender-

ness.

Smith gt ai. (1977) observed that B3 was assceciated vlth
longer sarcomeres in mucoles only in thyree of six comparisons
and thersfore concluded that the henefits of LI are not related
to cold snortening alone, Savell gk al. (1777} reported sisni-
ficant inercass in ocarcarerée length for lodns in stimulated
goat carcassas. BDut thedr further ctudles (1%78 and 1%79) did
not reveal any slgnificont differences in sarcomexe lengs
attripulable te ©S. BRouten gt al. (1978} and Geowge gt i,

(1980) found vhat B3 resulted in longer Sarcomeres.

Elgasin 2t al. {1981} reported that therc vas no signifi-
gant differances in sarcormerc lengths of ¥S and control mcat
conditioned at 2 or 16°C. Griflin gt gl. (1981) found no
differenges in sarcomerc lengeha from rov products due to £S5,
However, sarcomercs frem c¢ascked roasts £rom BS samples were
lenger than control dndlcatling tnat 2% might have prevonted

scme shortening of muscle fibzes durlng cookings salm g. al.
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{1983) found avidence in sarcomere length-data supporting the
rheory that 0S prevented cold-chortening. Works on the effect

af TS on f£ibre dlametsr are not sean reported,

%.4 4. fater hoiding capacity (WriCi.

Seideman gt al. (1579) szated that the increased rate of
pH decline 4in ES muscles might result in decreased water holding
capacity. George at al. (1980) reported that there were nc
siogniiicane differences in drip loss hetween control and LS
muscles. Bendall (1980) eoncluded that 4in the casc of keef
and lamb carcasses "there heed be no fear of significant

increases in dylp as g result of ES?Y,

Hostetler gt al. (1982) svngosted that the changes
breught cut oy £S led to more protedn-binding sites in cne
muscles, thus leading tc more hinding of water, They chserved
sionificantly lower cookling lass of 1.5% Zor the 8% samples aso
compared to controls. Johmnson gt al. (1982) Zcund no dilfe-
rences in weaght loss betwesn vholesale cuts from 0S and pon-FS

park sides.

Many workers had reportod that BS resulted in reduced
WHC = Martin gk al. (1983), Oreshkin gt al. (1986}, Buts gt al.

—

(1986), unxuh ct al. (1586) and Nahajan and Panda (1989a),

Ostoja and Korzeniowski (1954} reported that PSS (383 v,
30 Hz, 0.5 3, for 2 min} following 50 minutes of slavgnter
did not bave much influence on the sclubillity of myoflisrcillar

protedins in 3% HaCl golution or the water holdinvg capazity.
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smith (1985} stated that sventhough the pre=rigor cone
ditlons associated with ES were conducive to major problems
in WHC due to the sharp pH drop {(while ths muscle temperaturo

was still high}, the UHC of meat was nct affected as fearcd.
2.4.5. Extract Release Volume (ERV).

Electrical stimulation accelerates the rate of £all in
pils At the lowsred pH levels, the praperties of muscle pro-
teins are altered and thelr ability to bind water decreasss,
The reduced bimding ability results in higher ERV (Cook, 1968).
Mahajan and Panda (19892) reported bigher IRV in IS muscle
samples. Thay further cbaerved a linesr relationship betweon

the duraticon of ES and ERV,

2.4.6. Ssupsory propertics.

SBavell et al. (1977, 1978, 1979 and 1981) reported in-
orgased sensory panel ratings for tendernesgs, oonnective tissue
amount, flavour and overall palatability attributable to BS,
Flavour degsirability was increased by 10.4% in ES sawples and
thic vas suggested to be due to production of cherical compounds

responsiblie for the “aged maeat Slavour®,

Salm gt al. {1981) observed that CS Aid not affect taste
panel julciness sgores and flsvour intensley sccres. Griffin
gt al. (1981} reported that ES rasulted in longer sarcomeres
but did not affect palatability traits. Vognarcva and Huinakova
(1982} otated that LS had a favourable effect on the sensory

properties, especially tendernass. Calkins et al. (1982)



attributed the differences in flavour between steoks fSron
BES and ccntrol sidas to dlfferences in the concentratilon aof

craatine phosphate, adening nucloctides and their derivativec.

Increased genderncss in stimulated bull meat wWas xeported
by Savell et al. (1982,, Greathouse gt al. (1983) and Riley
et al, {1583). Ray et al. (1983} octatsd thot ES rosulted in
higher gensory ratings f£or tendsrness, connectlve tilssue and

flavour intensity scores.

smith (1985) stated that sensory panel evaluations indi-
cated that steaks or cheps from LS ocldes were, on the agverage,
26, 3, 12 and 32% nore tender than steaks ob chops £ counblr-
part untreated sides for beef, pork, lamd and goats, respeg-
tively. He further reported that sensory panel evalustions of
beaf staaks of DS ond conercl sides revealed significant

iaoreases in flavour desirabillty scores,

Solomon gt al. (1986) cbserved thet L5 had signllficaornt
gffect on panel tenderness sgeres ond ghear force values. No
significant differences due te ES woge detected for sensory

connective tissue or flavour intenslty scores.

Vandexwert gt al. (1986) reported that IS5 resulted in
improved muascle fibre tenderness and overall tenderness ard

raduced the detectable connective tissue.
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3. MATERIALS ARD METHODS
3.1. Electrical stimulation

Ten adult female gpats aged betwesn 8 and 1l years
{average age 8.5 years} resred cn identical managemental
¢conditions were selzcted for the experiment. The live weight
ranged between 23.5 and 34.5 kg (Average 26.9 kgl. The ani-
mals were lairaged for 24 hours, stunned uwsing captive bolé
pistol, exsanguinated, flayed and evisserated. The carasssas
wexe splir longitudinally into twe gides, One side from each
carcass wWag randomly selected for electrical stimulation (ES),
while the corresponding side served as the non-stinulated (NS)

control.

The sides selected for IS were stimulated within 18-25
minutes of exsangulnzation, using a locally faobrigated electric
stimilator delivering oulsed altermating current (aC) at
150 volts, 50 Ho and 20 pulses per sscond (PPS},. The total
duration of stimulation fox each side was 120 seconds with a
stimuation cyels of two seconds ('on' and one second 'of£').
Thae sides for ES were hung f£rom an earthed rail using a stain-
less steel hosk attached to the achilles tendon. A single
copper alectrode measuring 20 om kong and 0.8 om in dlamoter
was inserted into the muscles between scapula and thoracic
vertebrae (Hckelth ¢t al., 1981) and it sexved as the live
alectrode {Plate I), The earthed rail served as the grouand,

The Longissinus dorsi (LD} russles from the control (NS)

and exporimental {ES) sides wers exoised and subjected to






Plate I. 3Split carcass before stimulation showing
pogition of electrode



Plate I




is

comparative studies to acsess tho 25fect of TS on meat gaaldey.
The parancters studled were muscle pH, glyoojen contont, vater
holding capacity, oxtrage roleass voluwne, sarcomese length and
fibre dlareter. Sensory evaluatlon was conducted at 24 lLours

Post-E3. to asee¢cs effect on eating quality.

Fron the control side, the LD muscle was excised imme-
dlately atter splitting of the carcasses. The LD mscle from
the B3 sides vere removed immediately afeer complcotion of
stimulction. Dach excised muscle was dividsed lnto tuc pore
tions. Cne portlon was packed in polythene and stored at
ambient tenpcrature upts 12 hours and thom precenved in che
refrlgorator (6=9°C) uptos 24th hour for gensocy evaluatien.
The other portdon was packed in polyihens and chilled (6-3°C)
afiar 1 he upto 24th hour. For comparative observations,
gaples fram the corresponding sives on Lhe ruceles werce dwawn

at speclfied intervals.
J.2. Bstimation of pH

pH was estimated on a homegenate ¢f one g of nuscle in
10 ml ef 0.005 M sodium icodoacetate (Mooller gc al.. 1977),
uging a combined electroda, digital pH-mecer. Lenglssimus
dorai muscle samples £rom both NS and 88 sides stored at anbient
tenperature were drawn at O by, 1 by, 2 he, 3 hir, 4 hr, 8 hr
and 12 hr for pH astlmaticon. Drom the refrigerated ruscles,

samples were taken at 4 hr, 8 br, 12 hr and 24 nr.
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3,3. Botimation of musela glyocogen

Thz glyeogon content An the IH maagle was estimated by
tho method of Selfter gi al. (1950} (Oppendix A). From both
NS and 'S muoclas stored at ovblent tompsrature samples vare
drawn at O v, 2 ht, 4 by and 8 hr. Trom the refrigerated
muscles, samples were teken et 4 hy and 3 hr for glycogon
egstimation. In cach expezivent, a total @f 12 samples worg

analysed.

3.4, Dstimation of water holding capacdity (U172}

UHC was estimated by the L£iltor-pagoyveproess ractnsd (os-
criped by Wierbicki and Doathercge (1958} . Sampices Jrom
musaicea stored at anbient temoeratdare vere drean at 6 hr, 4 nx
and 12 nr and {rom the refrigerated nuszcles at ¢ hr, 12 o,
and 24 hr, Measurermente of Jio ‘ezl Jilm area' awl 'zaual
£luld area'’ were dane using a polar planimetor. The zosuli

was exprecsed as a Tadolo of ngat Jilm arda aad total Llull

arez - Maufnann gt al. (19023,

3.5. Estimation of Dxtract Release Volume (ERV)

ERV was estimated by the methed of Pearscn (1976). 15 ¢
of mincad meat sample was mixsd with 60 ml af LW raacant
{Appendix B} and blended f£or cne minute in an electrically
operated blender. The homocgenate was poured into a foldel
£ilter paper (Whoctman Nc.l, 18.5 cm diameter) and the volume
collactad in 1% minutes was msasured. From the muscles stored

at amblent temperature, samples were drawn at O hy, 4 hr and
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12 hr @ad £rop the refrigerated muscles at 4 hyy, 12 hr and

24 hr for escimation of BERV,.

3.6, Fibre diameter and sarcomere length

Fibre diamster and sarconere length vere measuved by
the methods of Jwon gt al. (1981) and Jeremiah et al. (1905)
respacuively. A fouregram samole of tho D misclo wag
aoissop-ningsd fatc 20 ml of 0.25 ' sucrese solution and
hoasgonised for S sec. at 2-5°C, One drop of the resuicant
slurry was then transferred to a micrescope slide and covered
with a covor-slip. The length of 10 savcomeres eacn foan 25
fibre fraghents was measured on a previcusly calibrated puasce
conceast nicrosgope under 1000 x maguificaticn. The calibra-
tion was done using stage and ogular micrometers. Tne diameter
of 2% muscle fibres were measured taking thz avercge reasurse
ments at the centre and ends of each fibre, Samples “or
maasurements in respect of musclea stored at amblenc Lomora-
ture were dravwn at O hr, and 17 hy and for ths refvigerated

samples at 12 hr and 24 hr.

3.7, Songory Dvaluaticon

Sengsory avaluation of the LD muscle samnples Frow the
N8 gnd B3 sides was conducted by a £ive uember, suui-~tIasied
taste panel. The evaluatlon was done on a 2 poine hedomwc
scale for tenderness, julcincss, flavour, SCnScry CONaoLt.ve

tissue and overasll acceptabllicy {(scose-card, Appendix ).

Sanples {or senscry evaluation were drawn as wider, For
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ID muzcles stored ak amblent temperaturs, the samples were
maintained at ambilent temperature uptc 12 hrs and then pré-
sazved in a refrigerator (6-9°C) upto hr 24 for sensory ava-
luation. The muscles rafrigerated after 1 hy of TS remained
in the refrigerator upto hr 24 and thén used for sonsory cva-
luation.

The samples were cut to uniform size of gpprox 8 x 1% x
1% em and packed in previcusly labelled polypropylene bags.
For cooking, the bags were immersed in a boiling water both
for 40 minutes. The cockad meat samples were cut into 1 om

cubes and served to the mumbers of the taste-~pangl for evalus-

ticn,
3.8, Meteorolagical cbservations
The smbient temparature (maximum and minimum) durdng the

pericd of the experinent was cbtalned from the Agro=iet Station,

KAY, Vellanikkara.
3.9, Statistical Analysis

The data was analysed by using Paired Tw-Test, Chi agquare
test and caloulation of correlation ccefficient as explained
by Snedacor and Cochran (1967) and the results had been inter-

preted.
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4. RESULTS

4.1, Ceneral chservations

The smblent temperature recorded during the period of
=he expariment ranged hetween maximum 32.2 to 36.6°C and
mindrm 22.5 to 26,.5°C.

The goat darcass sides responded to elestrical atimu~
lation by visible flexiocn of the foralimb, ralsing of the
neck region due to vigorsvys bending laterally of the whole
thoracic and cervical region (Plake II) and contraction of
rhe masles of ths neck, trunk and thigh reglons. These reac-
ticns were nore intense duxing the initial 80 seconds of sti-
malation. Towards the end of the 120 sec stimulation poricd,
the intensity of the visible movements was reduced considerably

{Plate III).

Messurements 0L the physicoechemioal changes in the ID
muscles of the NS and ES sides at varicus time intervals pogt-Dd,

gave the following results.

4,2, Effect of BS on pH in LD ruscles

The mean pH values of LD muscles at various time inteie

vals after storage ot amblent tenperature are given in Pable 13,

The mean initial pH in 1D muscles of the carcesses studled
was 64483 4 0.079. EBlectrical stimulation for 2 minutes
regulted in a £all inm pH to 6,028 + 0.063. The pH values in
the BES muacles stored at ambient temperature had fallen below

6.0 within one hour of DS, but in the NS muscles it tock



Plate II. Carcass side during initial zstage of
stimilation stowing maximum bending
of the neck and flexion of faorslirb






Plate Iil. Carcass side during later half of stimulation
showing reduced intensity of bending of neck
and £flexion of forelimb.



Plate III
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nearly 4 hours for the pH te f£all bslow 6.0. At four hours
post-L3, the pH in US muscles wezre significantly lower than
that in the N5 rmacles. Tue BS muscles snowed a pH of 5.652 %
0.042 compared £0 5.932 % 0.355 ln che NS muccles. After

8 and 12 hours of astorage at ambisnt temperature there weore no
significant Aifferences batween the wean pH values for o and
ES muscles. At 8 hr, the pH in WS nuscles was 5.76 2 0.064, and
in £S5 muscle 5.674 x 0.031. The pH 4n NS muccle vas 5.739 %

0,055 conpared o 5.729 & 0.026 an the BS muscles at 12 hourg.

Table 1B shous the mean pH valuces ak various time ipter-
vala, in LD muscles stored at refrigeration temperature. At
4 hours post=DS (3 hours of refrigeration), the pH value in
ES muscles was slgnificantly lower than thet in NS muscles.
The former neasured 5.781 + C.085 and the latter 6.099 + 0,083,
There woere no significant dlifersnces betuogn Jio mean ph of B3

muscles and N3 muscles at 8, 12 and 24 houws aof relfxigeration,

Pig. 1A graphically represents the effect of IS on pH
of LD muscles stored atz arbient temperaiurc. In tho NS muscales,
the pH showed a steady fall uptc 8 hours. Bekweaen 8 «nd "2 bours,
the pH gontinued to £all, though at & slover rate. Tn the TS
miscles, the £all in pH was sherp during the poericd of stlrmla-
tion, and showed a steady Lall upto 4 hours. Betwaen 4 and
8 hours the pH remained almost statlonzzy and after 8 hours there

was a slight fncrease in the pH upte 12 hours.

The effact of IS on pH of LD muscles which vere refrie«

rated upto 24 hours gfter ES is shown in Fige. 1B. In the
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Fig.lA. Changes in pH observed in stimulated and
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refrigerated NS muscles, tha pH £ali steadily during the £irst
4 hours. Detween 4 and 12 hours the fail in pH was at o slower

rate.

In the rafrigerated I3 musgles, thae {all in pil during the
initial ¢ hours afher L3S was slower than in NS muscles. Jet reen
4 and 8 hours the f£all in pH in BS mucalies folloucd a simdlar
trend =& in N5 muscies. But after 8 hours the pd in ES suscles

gl.oved a slight incraase upte 28 hours.

4.3, Glycogan content

The initial glvaogen content in ID rmuseles of the geat
sarcasses studled was 0.738 i+ 0.055 gram wer 100 g wel neat.
after alectrlcal stimulation lor 2 minutes duration, the .1ian
glycogan content dropped to 0.5353 & 0.048 gram %. The change
in glyccgen contene i o mascles sworcd at amblent (Chporasure
18 given in Table 2a. Both in N0 ond LI muscles, tae glycogen
content cane down progressively with advancing time. The
values for TS muscles were simnifigantiv lowver than that feor
NS muzeles at any glven time studled {(upta 8 hours post-~D3).

At the end of 0 hours nest-LS, the values were 0.396 & 0.D26

and 0,280 4 0.018 for WS and FS muscles reospectively,

Table 2B shaws the glycogen content {(gram 3 in 1D magcles
stored ab refrigeration temperatura. At 4 hours post=D3
{3 hours pafrigeration), the NS ruscle had a glycogen content

of 0,558 1 0049 which was sfgnificantly highor than tho value

th

or 895 muaclas (0.41% % 0.03% gran °. Similarly at § hours
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Fig.2. Changes in glycogen content in NS and ES muscles
stored at ambient temperature and under
refrigeration
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post=-E3, the glyccgen comntent of NS rmuscles (0.421 £ 0.036 gram %
was significantly higher than the value for LS muscles {0.314
0.027 gram %}.

Tig. 2 graphlcally represents the effect of ES on glycogen
content in LD muscle under tvwe storage conditions. In the
NE museles, the glycogen content droppead from 0.788 # 0.085 g
to 0,39 + 0.026 g % at amblent temperature and €0 0.421 +
0.036 g % at refrigeration temparzture, The £1ill in glycogen
content in NS muscle followed an almost uwalfors pattern, apte
8 hours. In the LS muscles, the glyccgen content drepped
sharply durdng the peciod of stimulation and thersafter followad
a similar paottern as in N3 musgles upto B hours. In Loth NS
and 28 masgles, tne glyccgen content tended to xécoxd lowor
values uvhen otorcd ak anblonc temperature waen conoared €3

storage at refrigeravicn temperature.

4.4, Sarcomere length (SL)

The results of messurement of savcamere lengths of LD
musele Zron NS and ES slides otored at amblent temperacure and

at refriceration toemperature are glven in tables 3n and 30.

The LD muscle had a nean initial sarcomere length of
1.411 % 0.051 wm, After stimzlotion the 0L measured 1,575 4
0.03%2 un which vwas not signisicantly differont frem Lng Jdnditial
valuc. After 12 hours ctorage at anbiont temperatuce £he sarco-
mere langth in IS muscles was 1.617 £ 0.048 um which was signi-

£icantly higher than the 5L of N3 mascles, 1.393 £ 0.048 um
(Tahle 37}.
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At 12 bisurg post=E3, the LD muscle from BS sides stored
at refrigoration temperature {(Table 3B) had a SL of 1.524 %
0.04 unt which vas significantly higher than the values for the
corzegponding 1S ruscles (1.280 4 0,052 um}. The 0S5 muscle
had a sarcomere length of 1.73 7 0.041 um at 24 houra post-ES
compared to 1,368 % 0.055 wn in the corresponding NS muscles.

These values were sionificanily different.
4.5, Fibre dlameser (7%

Tables 4n ond 4D shows the resulis of measurgmant of the
£ibre cdameter in LD muscles from N and I35 sarples stored at

anbient temperature and refrigeration temperature.

The mean initial fibre diameter in 1D rusgle messured just
Srior to ES was 63.46 + 2.78 um. After two minutes stimulation
the Zikbre diameter was 63.20 4 2.06 um which Qid not differ
aignificantly £ram the inltlal value. After storage at ambient
temperature £or 12 hours the N2 ruscle had a fAbre dlamcrer of
68.16 4 3.32 um and the LS muscle 62.94 % 2.93 un. Thasce valueg

dld not adiffer significantly.

In the refrigerated samples (Table 4R}, the fibse dlameter
of MS musclec after 12 hours of refrigoration was 71.29 N
2.95 wi. The corresponding value for LS muscle as 64.11 3
2.13 un ant had no clgnificant dilffercnse from oo value f£2r NS
mugcles. After 24 hours Of rofvigeratlon, Lhe velues fog IS
and T8 maseles vere 06.42 & 2.58 um and 62438 » 2,01 wi pespec-

tively ond tnese walaes bad no clegnificmnt diilference.
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4.8, Water Holding Qapaclty

The results of estimation of VHC in 1D muscles £rom NS
and BS sides storad ac ambient temperature and under rofrige-

ration are given in Tables 57 and 5B.

The LD muscles had a mean indtlial "L of 0.37 + 0.03.
After 2 minutes stimulation, the UHC measured 0.33 # 0.03,
which was not significantly different £rom the initial valuco,
In the LD muscles stored at amblent temperature, the N5 and
ES muscles had WHZ values of (.37 Z 0.03 and 0.31 i 0.03 zes-~
pectively at 4 houra post-DS (Table SA). These values werg
not significantly different. After storage for 12 hours at
arblent temperature, the UHC in NS and DS muccles were 0.31
0403 and Q.27 1 0.02 respectively and these values had no

significant differences.

In the refrigerated samples, the NS puscle had a UHC of
039 t 0.04 at 4 hours compared to 0.35 1 0.03 in the IS
muscles. The values of I at 12 hours were 0.32 4 G.02 and
0.28 £ 0,02 for NS and ES muscles respoctively. The UKC in
NS and BS musclee were not significantly different at 4 hours
and 12 hours post-ES (Talkle %B)Y. The LI in NS muscle at
24 hours post~ES was 0.30 + 0,02 which was significantly higher

than cthe values for the corresponding US museles (0.24 * 0.12).
4.7. Extract Relzase Voluwe

The results of TRV estimation in the LD muscles of the

NS and LS sides are given in Tablos 83 and 63.
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The mean inltial values of IRV in the LD muscles of the
carcasses studied wag 33.4 2 0.86 ml. After 2 minutas of L8,
the LRV increaced to 37.4 t 0.09 ml which was significantly
hicher than the initial value, £ 12 hourg post-l5, the W3
muocles gstored at amblont temperature had an TRV of 30,9 £ .16
which was gignificantly lover than the valus for the correg-

pending ES muscles (34.4 ¥ 0.93 mi).

In the refrigerated samples, the NS muscle had an EW
of 28.6 > 1.18 mi et 12 hours post-ES compared &0 30.0 + 1.0 md
for the corresponding IS muscles (Table 6B}, Theae valuss dild
not dlffer significantly. After 24 hours of refrigeration,
the NS and ES muscles had LRV values 0f 29.2 4 1.41 nl and
32.4 # l.14 ml respectively. The difference batween the velueg

was not sionificant.

4.8. Sensery evaluation

The results of gensory svalustion of LD muscle samples

from NS and ©S sides are glven in Tables 73 and 73,

on sensory cevaluation of the smamples storad at amblent
tomperature (Table 7A), the ES muscles had a tenderness rating
of 5.97 1 0.22 on a 9 point hedonic scale compared to 4.93 3
015 in the corrasponding NS muscles. This dlfference was
statistically significant. The flavour rating of 118 and IS
muscles were 4.87 # 0.09 and 5.02 £ 0.09 respectively and
they dld not differ gignificantly. The NS muscle had a juielness
score of 4.78 + 0.13 which was noc sicnificantly different

£xom the score for BS muscles (S.1 2 0.14). The comnective
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tissue rating for NS ruscle was 5.04 # 0.16 and it was signi-
flcantly lower than the rating for DS muscles (5.88 + 0.14).
There was significant difference bhetween tho scores for oversll
acoaptabllity in respect of NS muscle (5,12 & 0.17) and L8
muscle (6.06 1 0.2).

The samplas stored at refricgeration cemperature alsc
showed a similar patterxn (Table 7B) of dlfferencs Hetween NS
and 'S muscles. The ES muscles had significancly higher
scorgs for tenderness, sensory connectlve tilssue and averall
acceptabdlity than 115 muscles. The TS and NS muscles did not

diffar significantly in their scores for flaveur and juiciness.
4,94 Corcelatica studics

Chi sguare test performed to £ind cut the relation bet-
waan the rate of £all ln pil and the rate of £all in glycogen
content in D muscles indicated that these twe rates were
independent 0f each other as Chi square was not sicnificant
at 5% level (x2 = 0,4847).

Coxrelation coefficlants of all dmportant combinations
cf the parameters studied were worked out. The results woere

interpretted and the following correlations shaerved.

carcenere lengeh end £ibee diamcter of I'D muscles £oom
the NS aides otored at ambient temperature hxd a correlation
of «0s702 (P<0.05) and in the refricerated NS rmusclie the
correlation was «0.643 (P< C.08Y. in vhe corrxesponding IS

muoelies there vas no sigmificant correlstion bLatween thace
tWwo parsmaters.
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Sarcomeroe length dld not show any correlation with any

of the senscry qualitles 4n pli groups of muscles studied.

Teniarness in IO musclese Lrom NS sides stored at amblent
terperaturs had correlation with sensory connective tissue
racing (+2.679, P<0.08), and overall accaptability (+0.915,
P<0.01) while the cerrespondlng ES muscles showed correlation
of terndezness with ocnscry connective tissue rating (43,331,
P< 0.,01), ovarall acceptablilivy ($0.982, #<0.01) and ‘ lavour

(“"0074‘3, P< 0-01)!

In the refrligersted "5 wuscles, Lenderness was found to
be correlated with cverall acceptabiliLy {(40.788, P< (.01) and
juiciness {(40.693, P< 9.05) bat nou with sensory comnective
tigsue rating (49,832, P> 0.05), Buv in the gorresponding
TS suscles, kenderness had cerrelation uieh overall accepta~
bility (+0.9230, P<L0.01) and senscry connective tissue rating

(40.665, P< 0.05) but not with jileoincss (3.572, 2>0.00).

Cverall agesptability in NS muselcs stered at amnient
temperature was colrelaved wivh tendeiness {(40.915, P<0.01),
sensory ccnnective tissue zatiog (+0.843, P<0.01) and £lavour
(+0.653, P<0.05). Similarly, 41 che corresponding LS ruscles,
overall ccceptabiliiy had gorrelacicon with tendsrness (+0.082,
P<03.01}), sunscry vonneative tlssue rating (+0.857, 2<0.01)

and €lavour ("f‘@l%lg < 0001}0

In eae refricgraged 50 rucelcos, overall acceptabilivy was

correlated with tenderness (40,700, P<U.01), senscry
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connective tissue rating (40.766, P <0.01), Eflavour {(+D.712,

P <0.05) and julciness (+0.665, P<0.05). Dut in the corres-
pending DS muscles, overall acceptability had correlation

with tenderness (+0.920, P<0.01) and sensory connective
tissue (+0.804, P<0.01) but not with £lavour (+0.565, P> 0.05)
and Julciness (+0.565, P> 0.05).

Sensory connective tissue rating showed correlaticn with
juiciness in all groups cf muscles. The values were (40,732,
P<3,05} ¢ (0,725, P<0.05), (#0.759, P<0.08}) and {40.751,
P<0.05) for NS and £3 musclies stozed ot anbient temperaturae

and NS and IS muscles refrigerated, reapectively.
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Table 1a. pH changes observed in stimulated and non-
stimilated goat cercasses, stored at ambient
temperature.

Test of

Time pH pH

8B s significance
hours NS us at 8 % lavel
a P
Q9 5.453 Q.079 G.02 0.063 significant
3 64305 0.093 5,940 0.067 Significant
2 6,176 0.064 5.845 0,062 Significant
3 6.052 0.062 8,742 0.048 Significant
4 5.932 0.055  5.652 0.042 Significant
1] 5,760 0.064 5.674 0.031 ot significant
12 5,739 0.085 5.729 0.026 Not significant
Troagtients: NS = Net stimulated

ES = Electrically stimulated
a = reading immediately befora TS
b = reading immediately after IS
ALl values are means % S.E. of 10 obeervations
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Table 1B, pH c¢hangaes cbzerved in scimulated and non-
stimilated goat carcasses, stored under
refrigaration
Time H SE pH SE Test of signiii-
hours NS pec] cance at 5% levol
0 6.453% 0.079 6.028° 0.063 Significant
6.099 0.083 5,741 0.05% Significant
8 8.812 G.087 B5.898 0.037 Mot significant
12 8,744 0,082 5.744 0.045% Not asignificant
24 5.770 0.057 B5.77% 0.057 ot significant
Treatrontss NS = Not stimulated

ES » Electrically stimulated
a = reading immediatcly befove stimulation
b = reading immedlately after stimalation

All values are Mean 4 SC of 10 cbservations
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Table 2A. Cnanges in glycogen econtent due <o electrical
stimulation in goat muscles during post-LS
atorage at amblent temperature

Glyeogen Glycogen . Test of signifii-

T 5 E

heumra {gram %) SE {gram % SE cance at 5% lovel
NS ES

0 0.788% 0.088 0.553° 0.046  Significant
2 0.629 0.083 D:419 Ce042 Signlficant
4 0.521 G.040 0.343 G.027 Significant
8 G396 0.026 0.280 0.018 Significant

Treatments: NS = Not scimulated
LS = Electrically stimulated
a = Valua immediately kefore LS
» = Valua irmcediately afecy 08
All values ave wean # SE of 10 obgervations
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Table 2B, Changes in glycogen content dus to electrical
stimilation, in goat muscles, during post-ES
astorage under refrigeration

e of Mean sn Mean sL Test of signifi-
rafri- glycogen lyeogen cance at 5% level
gera~ {gram %} gram %y
tdon N3 ES
{ houra)

0 0.788% 0.085 0.553° 0.046  Significent

0,558 0.049 0.419 3.03% Sionlficant
8 0.421 0.036 0.314 0.027 Sigmificant

Troatment.g: NS = Hol atirulated
s = Diactrically stimulated
a = Value immadlately before I'S
b = Value immediately aftor BS
ALl values axe Mean » SU of 10 observatlons
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Tahlag 3h. Influence on sarcomere lengths due to electricail
stimulation of goat muscles, on storage at
amblent temperaturs

Tire Sarcomsre Sh Sgroanere Test of signifi-

of length length SE cance at 5% level
storage (um) {um)
(hours) uS ES

0 1.411% 0,081 1,528  0.03%9  Not significant
13 1.393 0,048 1.617 0.043 Sicnificant

Traatments @ NI = Not stlnulated
T8 = Rlectrically stimmlated
a = Valunes imncdiately befers IS
b = Values immedlately after ES
All values are Mean & SE of ten sbservaticns
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Table 3B. Influence on sarcoemere length due to electrical
stimulation af guat mescles, on storage undar

refrigeration

Time of Sarcomere SE Sarsomgra SE Teot of signille
rafrige~ length raength cance at 5% level
ration (um} {um}
(hours) ne BS

0 1.412%  0.051  1.5287 ©0.039 tict significant

12 1.280 0.052 1.524 0.040 3Bignificant

24 1.368 .058 1.%30 Q.041 Siemificant

Treatments: N3 = Not stimulaked
S = Bleckrically stilmilated
a = Valuaes lmmadiacely before 3
b = Values iecediacely aftcr 09
All values arc mean i SU of ton obssrvations
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Table 42. 1nflacnca on £ibre dliametsr Jdua to eleotrical
stimulaoticn of goat musclas, on storage ak
anbient tLemperature

Fime of Flbre GB Tibre 30 Pest of signitl~

storage Odameter dlameter cance at 5% level

(hours) Cum) (um)

N3 £g
0 62.46% 2,78 63.20° 2,06 Mot significant
i2 68,16 3.32 52.94 2.93 Hot significant
Treataentst NS = ot stimalated

LS = Tleotrically stimulatcd

a = Value immedlately wefors IS
b = Vaiuve Imeedlatoly ofter oo

All valurs sxe wean F SE ol 10 Quservatlons



39

Tzble 4B, Influence on f£ibre dlameter due ta S of geat
muscles, on storage under refrigeraticn

Time of Fibre SBE Pibre SB Test of signifi-
refrige~ dJdiameter diameter cance at 5% lovel
ration {um} {um}
{hours} NS S
o 63.46% 2,78 63.20° 2.06  Not significant
12 71,29 2.95 64,11 2,13 Not asignificant
24 66.42 2.38 62435 2.01 ot significant

Treatments: NS « Nobt stimulated
ES m Electrically stimilated
a = Value immediately before ES
b = Valuae irmedletely afker ES
All values are mean # SE of 10 observations



40

Tabkle Sh. Influence on water holding capacity. dus ko ES
of geat muogles, on storage at ambient

temperature
Time of 193394 2B WHC SE Taot cf signi£i~
storage s s cance at 5% level
(hours)
0.37% 0,02 0.33° 0,02 et significant
0.37 0.03  0.31 0.03  Net sicnificant
12 0.31 0.03  0.27 0.62  Hot significant

Treatments: NS = Hot stimulated

BS = Electrically stimulated

a = Values immediataly befere BS
b = Values immediately after ES

All values are mean & SE of ten obssrvations
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Infiluence on water helding capacity duac to
L5 af goat muscles, on storage undar

refrigeration
imc of WD 237 VG SB Tast of signi’le
refrige- NS &3 cance at 5% level
ration
{hours)
0 0.37°  0.03 0,33  0.03 Not significant
4 039 .04 0438 0.03 Not sicnificant
12 0.32 0.02 0.28 002 Not aignificant
24 030 Q.02 0.24 0.12 Siguificant

Treatments: 13 = Not ctimulated

ES = Bleotrically stimulated
a = Values lmmadiately before TS
b = Values lmmediately afzer ES
All velues are msan % SC of ten observations
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Table 6A. Influence on extract release volume due to LS of
gaat ruscles, on storage at arbient temperasurs

Timae of ERV S5 LRV SE Tesgt ¢f signifi-
storage {ml} (ml} cance at 5% leval
{houra} NS Eg

o 33.4%  0.86 37.4° 0.6%  Significant

12 30.9 1.18 34.4 0.93 Significant

Treatments: NS = Not stimulatad

ES = Electrically stimulated

a = Values immediately before IS

b = Values immediately after LS

All values are Mean # SE of ten observaticons
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Tabls 63. Influence i euitract releass volune due &0 LS
ol goat mmuscles, on storage under refrigeraticn

DRV 8B
{ml)
S

Test of signifi-
cance at 5% level

Time of LPV SE
rofrigera- (ml)
tion NS
{(houra)
0 33.4%  0.86
12 28,6 1.18
24 29.2 i.41

37.4° 9.8
30.0 1.00
3204 1.14

Signilicant
ot significant

Not significant

Troatpents: N5 = ot stimulated
E3 = Blectrieally stimulated
a = Values immedlately before IS
b = Values immediately afiter BES
All the values are mean # °C ol 10 cbservations
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Takle 7h. Effact of clectrical stimlation af goat muscles
with respect o 1ta sensony preperties on post-DS
seoraga at arbient femperature

Sensory Score  SE Seora sn Test of signifile
preperty NS o3 cance at 5% lawval
studled

Tenderness 2.93 Jel8 5,87 0,22 Significant
Flavour 5.87 3,09 5402 0.09 Net significant
Juiciness 4.78 0.33 5,10 0.14 Hot significant
Connactive

tizaue 504 Q.16 5.88 G.14 Signifiecant
roasidue

Ovarall 5.12 0.17 6,08 0.20 Significant
acceptabllivy

Trogtments: NS = Net stimulated
-8 = Blectrically stimulatad

bll scores are Mean # SE of scores glven by 5 member
tagke panel for 10 cboervations cach



Talble T3. Difect of

-3
(47}

BS of ogsab muscles with regpect to its
sonsory propercies on post-15 storage by refrigoe-

zation
Sangany Seoze 5B Seoxs OB Test of signd i-
Preperty NS B8 gance at 5% lcval
studied
Tanderness 4,98 0418 .12 UeiB Significant
Plavouy 4.36 (0,10 5.10 0.2 Not sisnifdcant
Judoiness 4.80 0.4 Seld G.11 Mot algnidicont
Connectiva
tissus 4,24 0,22 5.90 .26 Signi€icant
residue
Ovezall I
accept.abiuty 5.06 Q.19 6‘10 Q.18 Signj.iicant

Troatmento ¢

WS

Notk ztimalated

DS = Dloctrigawnly stimalated

all scores are rwan p 80 of scores given by
S-member Laste panel Zoo 10 observations each
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5. DISCUSSION

5.3. Vioikic changes

Flectrical stimulation of goae carcass sides amploying
alternating current at 150 velis, 50 Hz £requency, 20 pulseo
per second and a stimulation cycle of 1 sec. ‘onr® and 2 acz.
'off' resulted in visinle indicatlons of effectlve stimula-
tion in the carcass sides. The intansc movements asticed in
the cargass sides during the initial 837 sac. of stimulatian
subsided towards the end of tho 120 sec. stimulation pericd,
poussibly due to depletion of the muscles’® energy sources
{(Bendall, 1980} and reduction In thc excitability of the cell
membranes (Cuylon, 1968). The post-exsanguination delay of
18-25 minutes beforo stilmulation 4id nobt affect the efficiency
af stamalation as ali carcass sides respondsd te TS with chy-
sical movemznts. Shorchese gt ai. (1986) had suggestad that
£S should be carriced out within 20 minutce of sleughter, in
order to have maximam effects.

5.2. Changes in pH

The mean initial pH in LB muscles of goats was 6.453 %
0,079, In the stimilated carcasses, the pH measured at 1 hr,
2 hr, 3 hr and 4 hr were significantly lower than the correg-
ponding values for the WS cargasses. But at 8 hr, 12 hr and
24 hrs, there were ns significant differences in pH between NS
and LS musclez. Similar repocts of accelorated initial £all

in pH attributable tc ES have been made by many workers like
Bouton gt al. (1978}, Chrystall and Devine (1978}, Chrystall
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et al. (1984), Dikeman gk al. (1985}, Solomon gt al. (1906)

and Smulders (1387},

During the 2 minutes pericd of stimulation, the miscle
pH dropped sharply by G.425 pH units. Chrystall and Devine
{1978} reported a fall in pH of 0.2 £c 0.7 pH units during ES

in beef.

Agter the period of stimulation, the pH in the ES muscles
stored at ambilent temperature feoll subsequently from 6.028 to
5.652 (G.375 pH units) ia four hours. The pH in the N5 muscles
fell from 6.453 to 5.932 (0.521 pH units) during the same
periad. In the refrigerated samples, the pH fell by 0.247 and
0.354 pH units in the BS and NS muscles respectivaly. This
slowaer rate of f£fall in pH in the ES muscles compaored £ NS
muscles, during the 4 houwrs afiter stimulation is not in agree-
ment with the reports in beef by Chrystall and Devine (1973)
and in sheep by Newhold and Small (1985) who observed signifi-
cantly faster rate of £all in pH in the ES muscles during the
post-LS period. This may be dug to an initial steep fall in
pH during LS and subsequent slowing dQown of pH £fall in the stiw

mulated muscles, while the pH in NS ruscicos had a steady fall.

In the €S muscles stored at amblent temperature, the pH
fell helaw 6,0 within 1 hr after stimulztion, But in the
corresponding ¥S muscles, It took nearly 4 hours for the pH
ta reach 6.0. This is in agreement with £indings of Bendall
{19801 who reported that in ES muscles the pH dropped to 6.0
in 1.2 hours after LS and Bikelenpoom and Smulders (1986) who
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achieved pH below 5.0 within 45 minutes post-mortem in sti~
mulated veal.

The ultimate pil cf 5.6 was reached by 4 hwours In the BES
muscles stored at amblent temperature compared to tha NS
musclas in which ultimate pH was reached by 12 heurs. In the
rafrigerated 0S muscles the ultimate pH was reached at arcund
8 hours and in the corresponding WS muscles at aveund 12 nourc.
Tiws the £oll in pH is found fo be slower under refrigerated
storage conditlon comparad to storage at ambienc temperature.
Tnls can be attributed to temperature dependent enzymatlic ackion.
For attaining the ultimate pH in the stimulated beef muscles,
the time reported by Bendall (1980) was 2.3 howrs. Uaruh gt al.
(1986) achiceved uliimate pH in scimulaced beef carcasses as

2 hours compared te 8 hours in {38 muscles.
5.3. Glycogen content

The initial glycaegen coontent in the LD muscles of goats
ranged between 0.527 and 1.06 g per 100 g wet muscle (wean
0,788 + 0,055 g %) . In the stimulated carcasses tha glycogen
content had £allen by 28.8% during the pericd of stimuiation.
During the poste-stimulation perled there waz a progressive
reduction in glycogen content with advancing time, The ecti-
mated values ef glyccgen agéz hr, 4 hr and 8 hr were signifi- , O
eantly lover in the ES muscles compared o NS muscles. At
8 hrs the NE muscles stored at amblent temperature showed a
depletion of 45.7% glyvcogen compared £c 68.3% depletion in
the corresponding ES muscles. Chrystall and Hagyard (1976}
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and Davey gt al. {1976} reported accelerated glycolysis due to
ES but no reports are available on the quantitative analysis of
glycogen at time intervals. The present study has thus quanti=

tatively shown that thera is acoelerated glycolysis due to ES,

Chi gguare tesk indicated that the rate of £all in pH
and the rate of £all in glycogon content in LD muscles are
independent of esach other., Seldeman ond Croos (1982) stated
that sincc numerous antemorten and past-markom factors affect
the rate ¢f glycolysis, the affectivenesg of ES may not be

reasared by the rate of glycolysis alone,
S5.4. Sarcomere length

The mean initial sarcomere length in LD ouscles of goat
carcasses was l.41 # 0,05 w . Tha sarsomere lengti measu_cd
immediately aftcer ES {1.53 4 0.03 um} did not diffor signifie
cantly from the indtial wvaluss. After 12 houus storage ov
anplent cemperavure thg U5 puscles had signillecantly longer
gapcoteres (1.62 - 0.03 un) when compared te the carrvespor Mng
NS muscles (1.39 & 0.05 am). Similariy the D3 muscles kad
significantly longer sacscomexcs compaxcd te IS mussled aliey

12 and 24 hours of refrigoratlon.

This lncrease in sarcomere longth in IS musclos cowpaced
to NS muscles after storage, is in agrecmont with che greperts
of Savell gt al. (1977}, Bouton gt al. (1973), Georce ct sl
(1980}, Glgiel and James (1984), Takahashi gt zl. (1984} ana

Prabhakar gt al. (1986}, wio demcnstrated longer saracnere.



associated with DS. But MeKeith gt al. (1979) reported that
goat carcasges chilled at 1°C aSter DS had identical sarcomere
length of 1,58 uwm ag in NS carcacees sinmilarly chilled. Similarx
reports of BES having no effect on sarcomerd length have been
made by Savell gt al. (1978, 1579), will gt al. (1973}, Attrcy
(1930}, Clgasinm at al. (1981} and Salm gt al. (1981).

——3

Salry gt ai. (1083} attributed the incresse in sarconcre
langth ©f stimulated muscles te tne effect of LS in proventing
aold shortendng. In the prosont study the observed diffcrance
in the sarcowere lendth of W8 and RS muscles under reiricera=-
tion goculd be relatcd o some degrse of cold shorscending it the
rafrigerated NS muscles and the absenee of it in che TS anscles.
The increased garcomere length observed in RS rus2les stered at
amblent gemperature compared o NS muscies rdoht be due Lo tho
aegelerated aging im stimaleted ruscles brought about Ty the
carlier and fastor autalytie enzyme activity (Dutsonm gl al..

1280) .
5.5, Fibve dlamcter

The moan indeial fibre diaveter of LD ruscles from goat
carcasges was 63.46 3 2.78 wn.  Immediztaly afeoer 5, the fibre
diamecor was 63.2 2 2.76 um, vhich was not signifigantly dlffe-
zent from the inltial valwe., After ctorage for 12 hours at
amblent. temperature, thers was no significant differercoe In the
{ibre dlameter of NS and BS muscles. Similarly the refrigerated

sarples had ne significent difference between the [ibro diameter
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aof NS and E5 muscles both at 12 and 24 hours. However, the
values for DS nmuscles vended to be lower compared Lo NS muscles

on all measurements,

Herring et al. {1968} had stated that when rmuscles shorten
thore is a gorraesponding Qecreass in sarcomere length and an
increase in fibre diameter, Therefore a negative correlation
between sarcopere langth and £ibre ddlameter uvas expected in
the study. In the NS muscles thsre was @ negotlve correiation
batwaen these parameters cn storage ac arbient toamperaturo
{w0,702, P<0.05) and alse under refrigeration {«0.643, P<0.05).
But the BS muscles showed ne such corrclations. Reporis on the

infiuence 9f £S on fibre diameter are not s<en pudlished.

5.6, Water Helding Capacity

There were ne sionificent differences i the water holding
capaclty of NG and 39 muscles at O by, 4 hr and 12 hr under
botlh storags conditions. Howaver, after 24 hours of rairige-
ration, Lhe 25 muscles hed significantly lower WHC compared to
WG musclegs. 8lmllar reports of recuced WHC in ES muscles have
been made by Martdn gt al. (1983), Dubs gt al. (19€6), Oreashkin

&G ke (19C6), Unruh ep gl. (1806}, Smulders =nd oikelenboom

~

1986) and Mahajan and Panda (198%A). But many workers iacluding
Geocge eg al. (1580}, Dutson et al. (1980), and Honikel and
Reagen {(1386) rcported that ES 41& not result in significant
charges in Wi in the musecles, Reports on improvenent in JHC

attributable to 28 have been made by Hestetler gt al. (15u2)
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Hopldnson et al. (1985), Jonee gt al. (1986} and Prabhakar

ot sl. (1986).

The lower WHC cbserxved in the BS muscles after 34 hro of
refrigerated storage cempared to NS muscles could be due ko
the denaturation of sarcoplasmic proateins by the rapld pK £all
induced by ES (Bikelenboom and Stmlders, 19867 and the increasc
in permeability of myofibrillar cell membranes after storags
(George et al., 1980).

Se7. Extract Release Volume

The stimulated LD musgles had signifieantly higher IV
measured immadiately aftor ©S compared to the initlal values.
after 12 hrs storage at ambient temperature, the DS musoles had
significantly higher ERV than the NS muscles. These abserva-
tions are in agreement with the reports of Mahajan and Panda
{19890} who demonstrated higher values of ERV in BES muscles
caompared to NS muscles at 8 hours post-stimulation. These wor-
kerz attributed the differcnce in ERV to faster bilochemieal

changes caused by BS,

The refrigerated HS and LS samples did not differ in TRV
when measured at 12 and 24 hours. Cook (1968} had stated that
at reduced pH, there are changes in the properties of proteins
which resulted in alteracion in the water binding abllity of sho
proteins. At refrigerated storage, the pH f£all wao at a slover
pace compared to that stored under ambient temperature and the

bicchemleal activities were alss at lowsr rate. Thus there is
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ne appreciable ddfferences in DRV 4in the refrigesrated XS and
LS musclesa
5,8. Sensory @valuatlon
Thore were slgnificantly higher taste panel scores for
tenderness, sensory connective tissue and overall acceptabi-
lity in the stirmlated muscles when compared to the non-stimi-

lated {contrel) ruscles. But flavour and juiciness scores

vwore not aignificantly different in NS and ES muscles.

%.8.1. Tendarncss.

In the samples stored at ambient temperature, the BS
muscles had a 21.1% highsr tenderness rating compaved ta NS
muscles, Simllarly the refrigerated ES muscles had 22.%x mors
tenderness than the cerresponding WS muscles. This ig in
agreement with tho cbservations of Savell (1979) who reported
20% improvement in sensory tenderness in beef carcaszes due
to ©S, Rashid et al. (1983) oboerving 15% more tenderness in
stimulated lanmd carcasses and Smith (1985) who staved that
stirvulated goat carcasses had improved in tenderness by 32%.
However, Taylor gt al. (1981}, Geiffin gg al. (1981), Wood and
Iroshlich (1983) and Riley gt al, (1983} falled to observe any
differenzs in tenderness between NG and DS musclesd. Takahashi
et zt. {1984} and Dikeman gt ai. (1935} reported detrimental

e¥fects on tenderness due toe 2S.

The mechanism of action by wnich ES influenced tendescness

have been variously explained by different workers. Carge (1973).



54

Chrystail and Hagyard (1976} and Davey et ai. (1976) attri-
butad che lmproved tenderness in stimulated muscles ts the
rapid pH decline and the resultant prevention of gold shorten-
ing. But Marsh (1983) and Takahasni st al. (1984} demonstrated
that the rapld glycolysis brought about by ES was detrimental
ta tenderness. These workers stated that other actions usually
accampanying the rapid £all in pH like extensive disruption of
the tinsue structurs wvere respunslble f£or the net advantage from

ES, Savell gt al. (1978), Harsh et al. (1981} and Sorinmade

]

al. (1982} had alsc related the improved tendaraess duc to

S with tissue dioruptiocn. Yorinmade gt al. (1978), Dukoon

fy!

gt ak. (1983) ani Judge et al. (1923) attributed tho cenucrising

effact of BES to the inereased preoteolytic enzmymc activity.

Unruh gt ai. {1988} was of the oplnion thaet the tenderiza-
tion due vo IS cannct be attributed to any single factor but was
a result of the combined cffect of factors like preventicn of
coeld shortening, accelerated encywe activity and disruption of

tisoue structure.

The positlive correlation observed hetween tenderness scoras
and scnsocy connectlve tissue racing (lower amount of connective
tlssuo residue} in reirigerated ES muscles and the sbsence of
such covrelation in corresponding NS muscles suggast that the
hicgher tenderncss scecses obtained in che refrigerated ES ruscles
may pogsibly be due ¢ the effecc cf LS on the connective tissue

(Judga gt 3l., 1930).
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The tenderness sgoras sbtalned for NS muscles storad at
arblent temperature (hot-tenderized) and ES nuscles similarly
storad ware S.12 + 0.17 and &.08 & 0.20 respectivaly. These
values axe significantly different and indicate that ES is more
afifective in improving tendernesa than hot tenderization of
chevon from old animals.

5,8.2. Elavour.

The £lavour scores for stimulated muscles wers nob signi-
ficantly Gifferent from that of NS muscles., Sinilar cbeerva-
tions were made by Smith et al. (1579}, Salm gt al. (19€1),
Crouse et al. (1983), Greathousge gt al. {1983}, UWccd and
Froehlich (1983) and Solomon gt al. (1986}. Davey gt al. (1976)
and Savell gt al. (1977, 1978 and 1979) have also xeported that
D8 Aild not affect flavour rating of meat from lamb or goat,

although there was increase in flavour rating in beef.

The posteslaughtsr breakdown products of ATP and CP are
respensible for the characteristic meat flavour. Savell (1979)
attributad a 10.4% improvement in flavour of stimulated beef
t0 mere conplete breskdewn of ATP to hypoxanthene by ES.
Calkins et al. (1981) alsc reported theat ES significantly
einhanced the breakdown of ATP and other adenine nuclectidcs.
Howaever, these workers obsexvad no differences in the amount of
ATP, MMP or iInosinates, of in the sensoxy panel ratings for

flavour between NS and ES muscleés after 7 daye aging.



5.8.3. Juiciness.

There were no signlficant differences in juicincss scores
hotwean the NS and BS muscles. Though in the samples stured at
ambient temperature the LS mascles tendad to have highexr scores
for juleiness (5.10 1 0.14) when compared ts ihe acores for NS
muscles (4.78 + 0.13), these dififerences were not significant,
Simdilar trend was chgerved in the refrigerated samples alsc,
The results were in agreement with the £indings of Elgasim gt al.
{1081}, Griffin gt al. (i93l), Salm gt al. (1981) and Wosd aud
Proghlich (1983) who reported that LG nad no signiiicanc efieetl.
on the julciness in muscles. But Crouse gf ab. (1983) aud
Uaruh 2k al. (1986) had observed slaghuly degreased julciness
in stimalated boef carcasses compared to 15 Qaroasses. 1.8
latber workers attributed Lle dilference in julcliness to che

rapid fall in pH induced Ly TS,

A positive correlation of julciness with sencory conneccive
tilosue rating {lesser ancunt of connective tissue residae) wog
nocviced in all oroups of muscles shudied. This may be due vo
the battor sensory perceptlon of julciness by the soelativoly
lower gonnective tissue residue resuliing from the physical
damage of the connective tissue by oS {Seideman ar~d Croa-,

1982) snd the lowered collagon cragse-iinklng brought abwub iy

stirulation (Judge at al., 1980).

5.8.4. Sensory connective tissue.

Sensary connectlive tissue indlcate residue in meect after

chewing. Higher the score, lessec whe rsoiduc and vicc-versa.



The rating for sensory comnnective tissue in the B3 rusclec
was significantly higher when compared to NS muscles. In the
samples stored at ambilent temperature the £S muscles had a
gensory connective tissue scoxe of 5.88 & 0.14 which was about
18,7% higher than the rating for corresponding X5 muscles
(5.04 * 0.16]. Similarly in the refrigerated samples the rating
of ES muscles was 5.90 + 0,26 which wag 15.4% higher than the
rating for corresponding NS rmuscles (4,94 i 0.22). These find-
inge are in agreement uith the observatlsns male by Savell gt sl.
(1977, 1978, 1979 and 1981}, Riley gt al. (1981}, Ray et al.
(1983) and Vanderwert gt al. (1986)}. However, Sclomon (1986A)

reported that no significant differences due to ES were detectsd

in senscory conngctive tissue ratings,

The cbserved higher sgensory connective tissue rating due
to ES may be attributed te s lowering of collagen eross-linking
duping ES and a decrease in thermal stabllity of intramuscuior
callagen (Judge gt al., 19803 and Btherington, 1984) resulting

in a lower residue.

The positive corcelation of sensory connective tissue ratiag
obhserved with tenderness scores and overall acceptabllity scorcs
indicate che role of comnective tilssue in sensgory evaluatien

ardd the beneficial effect of BS.

5.8.5., Qverall acceptability,

The overall acceptability scores were signiiicantly higher

in the [S muscles campared to the NS muscles. In the samples
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stored ot ambleat terperature, the DS muscles had an overall
acceptability score of 6.06 £ 0.2 which was higher by 18.4%
than the score for N3 muscles (5.12 # 0.17). Similarly the
overall acceptability of refrigerated ES muscles (6.1 £ 0.185)

was 20.6% more than the corresponding NS muscles (5.06 i 0.192).

Improvement in overall acceptability in stimulated muscles,
has been reported by many workers including Savell gt al. (1979),
Riley et ai. (1981}, Hopkinson gt al. (1985) and Smulders et al.
(1986). But Dikeman et al. (1985} zcported that I8 had a
detrimental effect on meat palatabllity and cverall acceptabie
1ity in beef carcasses. ULlgasin gt al. {(1981), Wood amd
Froehlich (1983), Crouse gt al. (1983) end Bldner gt al. {1985)
observed no significant differences in overall acceptability in

BS carcasscs whan compaved tc NS carcasses.

The correlation studies indlcatc that overall acceptability
in all groups of muscles were positively correlated vith .conder-
nesa.  In the HS museles, overall acceptability had positive
correlation with tenderness, sensory connective tissue rating,
flavour and julcinsss. In the E3 muscles overall acceptability
had positive correlation with tenderness, semnsory connective

tissue rating and flavour, but not with juiciness,

The results of the present study indicate that ES improved

the overall acceptabllity of chevon from old animala.
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SUMMARY

Electrical stimulatlon of split goat carcasses was carried
out using a locally fabricated stimulator, The equlipment
delivered pulsed altermating current at 150 volts, 50 Hz,

20 pulses per second and a stimulatlon eyglie of twe segonds
'on® and cne second ‘off'. The total Guration of stimulation
waz 120 seconds. The post exsanquination delay for stimulation
ranged frem 18 to 25 minukas, The caxcass sides ware guspen-
ded from an earthed rail (linked with eacth circuit) Ly moaan
of stalnless steel hooks attached to the achilles tendon. 2
single copper electrode measuring 20 em in length and 0.6 cm
in diameter was inserted into the muscles bstween the scapula
and thoracle vercebrae and it acted as the live electrcde. The

earched rall served ag the ground {earth}.

Samples of Longissimus dersi muscles were collected f£rom
both stimulataed end non-stimulated sides and were stored (a) at
ambienc temperature uptc 12 heurs and then refrigerated upto
24th haour, (b} at refrigeration temmerature after one hour of
LS upte 24 hours. The muscles were examined at specified time
intervals for changes in pH, glycogen content, sarcomere length,
fibre diametor, water holding capacity and extract release
volume. Sengory evaluation wos conducted atter 24 hours by a
S=mamber gsemi-trained taste panel. The data was statistically

analysad and the results wore interpretted.

™ne caccass sides responded to D3 by visible flexdion of



the forelimbs, raising of the neck regicn due to vigorousz
bending of che thoraclce and cervical reqions aid contractlon

of the muscles of the neck, srunk and thigh reglons.

The mean initlzl pH in the nmuscles was 6.453. 2After gwe
minutes stimulaticn, the pH dropped by 0.425 pH units. The
ultimate pi Iin the stlmulated muscles was reached sarlier than
in NS muscles. The zrace of fall in @i during the four hours
after stinaiation was slouar in Do rwecles when compaced o

118 muscles.

Lotimation of glyeogen content was dene ol tine Ircorvals
upto © heurs. The glyccgen cnnteni in the £5 muccles was iower
campared to NS musclss at all time intervals studied. T was

concluded that ES accelerates tho rate of glyeslysis.

he sarcomere lengbh in the stimulated muscles werg hicher
on gtorage compared o NS mugcles. Bat the fibre diamecaer did
not differ significantly batwsen NS and 05 muscles. Irave.” water
holding camacity was observed in 'S rmuscelcs campared vwo NS
muscles, aiter 24 hours storage under reafxigeration. However
higher vaiuves of LRV in ES puscles verae observed during iritial

stages after ES and not after 24 hours of refrigeration.

The taste panel studies indigated thau che stimulated
musclea stored at amblent tarperature had 21.1% high2r tonders
ness sgors compared to NS muaclea. Simdilarly, ES muscles storaed
under refrigeration had 22,.9% improvencat in kenlderncses compasaed

to N8 muscles. The connective tissue ratings were 16,7 and
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13,4 per cent higher in stimulated muscles stored at ambient
and refrigeration temperatures respectively then corresponding
1S museles, There was no signiiicant difference in flavour
and julciness seores between N5 and ES wmuscles. The ovarall
azceptability of stimulated and none-stimulated muscles showed
sionificent Alfferences. Tor the stlmulated muscles it was
18.4 and 20.6 per cent higher under ambient and refrigeration

toemperatures respectively than NS muscles.

It was cconecluded that electrical stimulation results in
acceleraticn in the rate of glycolysis, a sudden drop in pH
during stimulatisn and early attalnment of ultimate pH. IS
influenced sarecmere length, water holding eapacity and DLWV,
Improvements in tenderness, connective tissue rating and overall
acceptability are cbserved as a result of electrical otimilae-
tion. But flaveur and julciness racings are not significantly

altaered due to gtimulation.
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APPENDIX A

Pracedure for estimaktion of glycogen content
(Seifter et al., 19350}

Principles

The muscle tissue is digested with potassium hydroxide
and the dlgasta traated with Anthrone reagent. The Sulphuric
acid medium ©f Anthrone reagent causes dehydration of the
sugar to a furfural darivative which presumably coendenses with
aAnthrone to form a blue coloured compournd. The colour pro-
dueced 1s comparad in a colorimeter with that of the standard

glucose solution treated identically.

Reagents:

1. pPotasaium hydroxide solution 30 per centiw
300 g of reagent grade potassium hydroxide peilets were
disgclved in Aistilled water in a baaker, cooled, trans-
ferred quantitatively to a litre volumetric flask and
dlluted to tho mark with distilled water.

2, Sulphuric acid, 95 per cenbie
To 50 ml of distilled water, one litre of conc. sulphuric

acid (specific gravity 1.84) was added carefully.

3. Anthrane reagent, 0.2 pexr centie
0.2 g of Anthrcne vas dissolved in 100 ml of sulphuric acid.

This reagent was always prepared fresh,

4. Standard gluccse sclutioni-
A stock standard of glucose solution was prepared by

dissolving one ¢ of highest purity enhydrous glusose in
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saturated benzoic acld solution aad diluting to 100 ml with
the same. A working standard was prepared from this by diluting
onz millilitre to 530 ml with distilled vater. Filve md of

this working standard centeined 100 microgrammas al glucese.

Procedure:

Abgut ocne gram of muscle tissus was exelsed and trans~
ferred intc a weighed test tube, The tube and the contento
wers weighed again. The weicht of the sample taken was obhtalned
by difference. About three mnl of potassium hydroxdde solueion
vere added inte the test tube. The tisszue was then digested
by heating the tube £or 20 mimtes in a boiling water bath.
After cooling, the contento were transferred quantitatively
to a 250 ml volumetric f£lask, made up the volume with distillead

water and mixmed thoraoughly.

Five mi of tho dlluted dlgesta wes pipetted into a labelled
tuba. Flve ml of worlting standard, and § ml of distilled vater
vera taken tce two other test tubes marked standard and blank
respectively. The unknown, ctandard and blank were then kopt
in an ice-cold water bath. By gareful mlxing, added 10 mi of
anthrone reagent £0 eagh bube from a fast Llowing hurctie.
After ceoling, the tubos were pleced in a boiling watcor bath
Zor 10 minutes. The tubos vere immediately ccoled in running
water. 7The readings of standard and unknewn verc taken in a

Spectropl.otometer { 'Spectronic 207 - Dousch and Lamb) at a wave
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lengeh of 595 millimicxeonoy after setting the instrument to
100 per cent transmittance with the blank.
Calculation

Clycogen content /100 g wet tissue =

U xC8 x 25 x 100
Sx 1.1 x8 x W x 1000 = 1000

whers,

U = reading of unlnoewn
8 = reading of standard
W = welght of tissue token

Cs = concentration of standard in microgrames

1.11 = the factor uszed ts convert gluocse inlo

glycagen
__g_g_a__ = dilution factor

8 factor for exoressing thc value in
1000 = 1000 g per cent



APPINDIX B
LRV Reagent (Fearson, 1976)

Preparaticn:

1) 0.2 M potassium dibydrogen phomphate (KI—12P04) was pre-
pared by dissolving 2.72 g of the reagent in 100 ml

dlscilled water.

i1} 0.2 M sedium hydroxide (NoOH) was prepared by dissolving
0.8 g NaCH in 100 nl distlllied water.

111y 3.72 ml of the 0.2 M sodium hydrexide sclution was added
to 50 ml of 0.2 M potassium dihydrogen phosphate solution.
The volume was made uptc 200 ml with digtilled water. The

pH was adjasted tao 5.8,



APPDNDIX €
Sgore Card (Scale 1-9 scores)y

Sample Tender- Flavour Julciness Connecklve Overall
No. na9s tissue accepta=
raesidue bildity
1.
2.
3.
4‘.
High w 7=9 Mediun = 46 1oy =« la3
Tenderness 1 = extrevnely Fough
% = axtremely tender
Flavour 1 = extremely bland
9 = extremely intense
Juiciness 1 = extremzly dry
9 = extremaly julsy
Connective = abund:
tissue 1= dant
resldue 9 = ahsent
overall 1 = ot accaeptable

accoptabllity o . pyeniy acceptable
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ABSTRACT

Dlectrical stimulation of carcasses is coansidesed as a
mzans of Improvement in meat guality. The precsent scudy vas
undertaken to determine the effccts of IS on goat carcass3g

and to cbserve lmprovement in meat ¢uality, 4f any.

The study was conducted on lonuitndinally split carcascozs
of ten adult geats (aged 8-13 years) by stimulating one half
fxom each corcass while the other half cerved as gontrol, TS
was done within 25 minutes of exsanguination uslng pulsed
alternating current at 150 volts, S0 Pz, and 20 pulses pox
sccond and with a stimilaslon cycle of tvwo gseconds *on' and

ane secend 'off', for a total duratlon of 120 secends.

Samples ¢f Longlasimus dorsi muscles were collected {rom
both stimulated and nonestimulated sides and stored at arthient
and refriceratlon temperatures, They were subjected to study
tha changes in pH, glycogen content, sarcanore lencth, Zibre
diameter, water holding capacity and extract releass volume
at greciiled time Intervals. Sensory evaluation uvagc done

24 hourg after DS,

The main observations vere rapid drop in pd during stimu-
latlon, early attalament of ultimate pH,slower rate of pH
£all during postestimulation peried, accelerated rate of alyco-
lysis, increase in sarccemere length, lower HC and inltial
Incrocase in IRV in stimulaeted muscles when comwared to NS

muscles. Thare was no sicgnificant Alf{ficrence in fibre diameter.



Taste panel studies indicated significant improvoement in
tenderness of stimulated muscles stored at ambient and refri-
geration temperatures. The connective tissue ratings were
also significantly favourable €or ©S muscles stored at both
temperatures. The coverall acceptabllity improved markedly
in the case of stimulated muscles than in NS muscles. There
wore na ehanges in £lavewr and juiciness racings actrlbutable

to olectrical stirmulation,



