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EINIAPAXH THX HAEKTPOAIET'EPIHX ITHN IIOIOTHTA TOY
NMMPOBEIOY KPEATOX

FEQPIAKH X.. BAPEATZH K.. ATAKIAOY E. xai A. EAEYOEPIAAOY*

THE ELECTRICAL STIMULATION OF LAMB MEAT

GEORGAKIS S.. VARELTZIS K.. AGAKIDOU E. and A. ELEFTHERIADOU*

SUMMARY

A research of the literature reveals that the tenderness of the meat is affected by its electrical
stimulation (ES) when it is taking place under specific conditions.

The effect of the electrical stimulation (ES) has been investigated concerning the tenderness
ability of lamb as well as the alterations of lactic acid, total creatinine, pH, Water Holding Ca-
pacity (WHC) and brightness of the muscle. The psoas major muscles were removed from the
sheep carcasses. The right one was under electrocution of 150 V, 23 mA in 50 KHz for 50 sec,
30 min after slaughter. The left one was used as a control muscle. Two samples were taken from
the psoas major muscles (sample-control muscle) which were kept in a refreg. temperature wra-
ped up in alluminum foil, directly and 24 hours after the electrocution of the psoas major
muscles. It is obvious from the results that:

1. There is no change of the WHC values of the meat between sample and control muscle.

2. The brightness of the meat of the control muscle (GOFO value) was: GﬁFO0 =x=
85,71 and GOFO,, = x = 86,28 and the brightness of the meat of the sample was GOFO, = x
= 86,00 and GOFO,, = x = 85,57. No important difference has been found statistically be-
tween GOFO,, value of the control muscle and GOFO,, value of the sample for Z,, value.

3. Total creatinine content (mg/g) was:

a) In the control muscle: x, = 0,239+0.093 and x,, = 0,357+0,075
b) In the sample: x, = 0,276+0,155 and x,, = 0,424+0,202

A real increase of the total creatinine content has been found in the sampple. However, this
difference is not statistically significant for Z,  value.

4. The lactic acid content (mg/g) was found out to be:

a) In the control muscle: x, = 0,292+0,128 and iu = 0,42240,040
b) In the sample: i,, = 0,367+0,096 and x,, = 0,544+0,104

There is no important statistical difference between the x,, values of the control muscle and

the sample for Z . value.

* "Ano v Edpu Teyvohoyiag TMpoidviev Zmwkiig Mpoehevoeng 1fig Ktmviatpkiic ZyoAfic tod
ATLO. AwvBoving 6 xefnyntg E. Fewpydxng.

* Department of Technology of Animal Origin Products, School of Veterinary Medicine,
University of Thessaloniki - Greece
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5. The pH values ranged as follows;

a) In the control muscle: x, = 6,65+0,031 and ;14 = 6,0740,032
b) In the sample: x7, = 6,54+0,281 and x,, = 6,010,307

There is no important statistical difference between the above mentioned values of x,, of the
control muscle and the sample.

6. In spite of the fact that the meat had not ripened yet the sample was much tenderer than
the control muscle. Generally it is obvious that the electrocution affects to a great extent certain
biochemical changes which take place inside the muscle after death. In this way the meat beco-
mes more tender without any indication of it becoming ripened at an accelerating rate. Further-
more, there are changes (relative to the control muscle) in the values of lactic acid content, total
creatinine content, GOFO and pH.

EIZATQIH

‘H xpnon tiig fAektpodieyepong (HA) otd c@dya dvagépdnke yid npdtn @opd, mpiv anod
30 ypovia (1951). Mahota, 1y pehérn ékeivn, kahoebnke kai dnd 10 On’ dpOu. 2.544.681 bi-
mhoua eopeorteyviag tdv H.IT.A. (Harsham and Deatherage). “Opwg, 1§ HA, &pyloe va xivel 10
fvtovo eviieepov TV épevvntdv dno 1o 1975, kai pdhota Stav: Stumotdbnke, dpyikd o1
Nia Znhavdia. 6mov of {nuiég tg mapaymyiic Tod TpoPelov Kpéatog NTav TEPACTIEG, DS 1 ué-
Bodog avt. eixe kanow énidpacn otiv npostacio tod kpéatog &nd THY yuxph cvotodn (Cold
shortening). Lopeova pé tig dnoyelg tig énoyiig éxeivng, 1@ oeaya 1@V npoPdatwv Tov mpoopi-
Lovtav vy eEayoyn. teuayifovtav Leota dxopa. ZTn ovvéxeta yoxoviav kai Kotaydyoviav.
Ltd oeayie advtd (mov yoxovtav dnk. ypiyopa kai of Beppokpacieg xauniotepeg dno +10°C)
TAPATNPODVIAV LG TOAD ONUAVTIKT WLIKT cvorao, ©| 6noia telkd 6dnyodoe oAV nopaywyn
£VOC TPOIOVTOS UELMUEVIS TOLOTIKTG KATAGTAGEMG, dpod 10 kpéag Tovg frav EEaipetikd Svoud-
onrto.

"H Swnictoon naog | HA kato dno opiopéveg oovBiikes napeunodile thv Euedavion tfig pe-
taforfic adTic, Hrme Arav uoikd, Gvoike Eva véo pepvnTikd Topéa Tig TeXvoloyiag Tod Kpéa-
106. ZRuepa. nave oto Bepa tig Enidpaong tiic HA omv noidtnta 10d kpéatog, doyoreiton &-
vag mohv peydlog apBuog épevvntdv o’ SAov TOV KOOMO.

‘Q¢ HA otiv texvoloyia 100 kpéatog yapaktnpilerar /| diodog HAektpixod pevpatog did
uEGOV GAGKANPOL TOT TQayiov fi tdv fuipopiov tov, i tdv tepayiov 10d kpéatog. To AAektpr-
KO pedua (Evadaooouevo §j ovveyés) dbelitar ué naiuovg otd kpéag. ‘H taon, N Evtaon. 6 dpt-
Buog thv nodpdv. i ovyvotnta kal N ddpkeld tovg, drotehody ta otorxeia tiic HA. L Pr-
BAoypapia dvapépovtal ToAkoi cuvdvaopol TdV mapauétpov adTdy: dAAd dxopa elval Svoko-
Ao va anopavlel kaveig. ué droivtn BeBarotnta. yid v épapuoyn oty npakn tod mo katdal-
AnAov oLVOLACPOD TV TAPATAVM TOPAUETPOV.

Ao mAevplc mpakTKOTNTOG Kai olkovopiog émevdvopévov keolaiov, @aivetar ndG T
HA/XT (25-40 V) npéae va npottuiton ano v HA/YT (250-600 V) deod fy dedtepn, dg &y-
kataotaon kai Og Asttovpyia kootiler nepinov 10 @opég nepiosotepo dnd oo 1 npdTn. 16 dE
anotedéopata toug dEv @aivetar va Sta@épouv ovolaoTikd petakd TOLg.

To flektpico pedpa, drav diépyetat dnd 10 kpéag, npokalel tf dnuiovpyia uds GAGKANPNG
oeipdg Proxnuikov avadpacewv @Al kol popeoloyik®v petafoldv péco otd kvTTApE KOi
6TOVG IGTONG.

L& YEVIKEG YPAUUEG. YiveTal onuepa napadekto. nmg 10 HAekTpiko pedua, Stav nepvael péca
ano 10 KpLag. mpokaAel pia Evtovn dvepyonoinon, TovAdyiotov dpioutvey Eviouikdy ovotnud-
tmv (Potthast. 1980). "H yAvkoAdven kai 1 dnodounon tod ATP yivovratr mo ypfyopa. To pH.
covtope xateBaiver of énineda tétowa mov EmTpEmovv pid ypfyopn wokn fi xai katdyuEn tod
KPEATOS Ympig TOV Kivduvo TG WuxpiiG CLOTOARG.

Ot kabeyiveg, mov éniong évepyomolobvrat, ué wid npwteolvtiky diadikacia mpoxadodv V-
dpokvon peyalopopuakdv Aevkwpatodvywov Evieemv. "Axoua dvapépOnke (Potthast, 1980), nig
napatnpiinkay kal Bpavoelg peyalopoplak@v évoocewv nov Bpickovial péca o1d pvika kvTTa-

paL.
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Nupilinha paivetar, nog | HA &nnpealer edvoika 10 Onddeg, ™ yevom, xabog kai tov
APOPUTIGNO TOD kpistog. "H vekpkn dxapyic dykabictata ypnyopodepa xatd 10-12 dpeg xai
oi armleg Papovg £Ival pEOPEVEC.

L 61 apopd 6tov topén olkovouiog dvepyelag, yivetar dekto oS, ool ta ceayw tov dro-
pPrankuy oi HA dpwalovy ypnyopmtepe, (6 xpovog the dpipuaceng nepopitetm xata 30%
EPITOV), uTopotv vk dofotv mo vepig otV Katavaloon. Paivetar Aotmov nmg, yid 10 Adyo
UOTO VIAPYEL PuL PHEImpPEVN KaTavadmon MAEKTPIKOD PedMATOG.

"EkTOg OumG (o tig mapanive foynpikeg petaPolis, Tapatnpodvial Kui LOPYOLOYIKEG HE-
tlohig TV puikemv Kuttapmv. Ol o xepakINPLOTIKEG MOV dvagépoviat oty Biploypagio xai
o Quivetul Tog Ernpedlovy THY TPLEEPOTNTH ToG KPEatog elvar f petaBoldn Tod pnkovg ThHv
SUPKOUEPOLMV.

Tédog, mpémer va anuetnBel, noHg drapyel kaddtepn Kail peyaddTeEpn cvvTipnon 10d vomnod
KP£UTOG oL NAekTponAnxOnke kai dkoua, Mg 10 kpéag adTo, unopel va Tepaylotel 2 nepinov
hpeg DOTEPU GTO TH GQAYR.

YAIKO KAI ME©OOAOI EPTAXIALX

To mp®to pEPog EvOg MPOYPAUUATOS TOL Yiveral otd &épyactiplo kai tob
omoiov ta dnotedéopata napovordlovial onuepa, GvapEpetal o dplopéveg &-
mnTMoelg oV unopel va Exer | HA otiv motnta tod kpéatog tod npofdtov.

INa v HA ypnowonoffnke dro pds uid AnAij cvokevn mod KaTaokevd-
obnke ué HnodelEn pag xai N 6noio ikavomosl katd KAnOIO TPOMO TIG AMOLTH-
oelg G épyaciog avThg.

Qg vYAko ypnowwonopnkav 10 npéBata dyxyopiag guiilg. "H Opentixn
0V Katdotaon d&v frav (dwitepa kaAf: dvromokpvotav Spwg adth oTov
péoo 6po mepinov TG Opentikiic KaTOOTACEMS TAOV LDwV oL cuvhbwg Epyov-
Tol 0TG4 oQOYElo THG XMPAG UAG.

Ta npoPata cealoviav oto épyacthplo kai duécws deaipodvtav ol yoi-
1e¢. Tpldvta Aenta peta 1 opayn, 6 yoltng 1od de€lod fulpopiov NHAekTpo-
nAnootav ué 150 V, 23 mA (50 Hz) yid 507. 'O yoltng tob dALov fupopiov
(aprotepdg) xpnoiueve MG uaprtvpac. "Ano todg dvo yolteg (deiypa-udprupac)
7oV QuAdyovtav of Bepuokpacia yoyeiov TVAyuévol o GAovutvoyapto, maip-
vovtav Sgiynata auécmg kai 24 dpeg petd v HAextpomAntia.

Tta deiypata gEetalovrav fi IZY (Hamm, 1972), #| tipig GOFO (ué eldikh
GLOKELT). T MEPLEKTIKOTNTA o xpeatviviy (Anonym, 1973), §| mepiexTikoThTO
ot yohoktiko OEV (Sinell und Lange, 1979), t0 pH xai 1| tpvoepotnta 100
kpéatog (Avalvon ué tig aioBioelg dno dudda tod Epyastnpiov). “OAeg ol do-
KILEG YvoTav o€ anho kU dG tiun AauPavotav & puécog dpog tdv dvo petpn-
GEMV.

ATIOTEAEIMATA KAI XYZHTHIH

"Ano tig Paoikég EEetdaocelg mov Eywvav, dnwg dvagépovtal duécwg mo na-
v, mpokvyav ta EEfig dnoteléouata:
1. Ol iuég tiic IZY 1090 kpéatog mov Ppébnkav petakd deiypatog kai udpropa
kal mov petpifnkav of ypovikd dwothuata 30" xai 24 dpdv Botepa Gnd 17
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opayn tdv Lhov dév diEpepav petakd tovg. “Opwg, ol Tiuég avtég, Aéyyon-
KAV GTOTIOTIKG (¢ U1 onuavtikés yud érninedo onuavrikotntag 5%. "Ed®d npé-
ner va tovioBel mog 10 AdfBog tiic neBodov elvor dpketd peydho.

2. Oi tiuég GOFO, nov Seixvovv 11 potewvéTnta 00 kpéatog, kai perprifn-
kav mepinov 40" petd t oeayn frav v e deiypata GOFO, = x = 86,00
Kol Y10 ToUG HApPTUPEG GOFO = x = 85,71. "H Swgpopa mov k' &8d nmapatn-
peltal, ELEYYETUL OTATIOTIKG d)g un onuavtikn (drninedo onuavtikomrog 5%).
Oi tiuég GOFO,,, adtég dni. mod petpifnkav 24 dpeg peTd Gmo T oQOYR
Kkoudvinkav otd da nepinov Anineda dpod Ppédnke mdg ftav yd pév Tta
deiypara GOFO,, = x = 85,57 yi 8¢ tovg uaprupeg GOFO,, = x = 86,28.
Ta anoteréopato avta dEv Emtpémovv v EEaywyn ca@®V GLUUTEPOOUGTOV,
dv kai eaivetat va Onapyet wia téon yié ueioon tiig tufic GOFO,, ot Seiy-
pata. “Tomg 1 éEgtaon €vog moAl peydAov dptBuod derypudtov 0a énétpene v
datdnmon udg kanowg mo ovYKeEKPEVNS Yvouns. 'E8@ mpéne va onueiw-
el midg 6mag kai 1y IZY. Etot xai | tiuny GOFO énnpealera épa TOAL Ao
nolhovg napdyovies (m.y. Ainog kpéatog, yovia dpydvov xAn.) mov 8Ev umo-
podv va arnokAeicBodv. Lé napeuepd, doapsi dnoteléopata oYETIKA ME TRV
nun GOFO, xatéAnEav ki’ dAdot épevvntéc Snwg & Hall xai ol ovv. (1980),
gv avtiBeta 6 Smith xai ol ovv. (1980 b) nmiaTEvOLY OGS TO KPéAG TAV TPO-
Batmv nov RrektponAnyBnke Syt uovov Exer kadvtepo ypwuotolud GAra, tov
LPOUUTIONO 0VTO TOV Slatnpel kahvtepa. Tnv B tepinov yvoun Sutvondver
kal 6 Potthast (1980). Oi Tang and Henrickson (1980) Swanictwoav nog évid
i ovykévipmon Tilg OAkTiG xpwotikfig dév Ennpealetar dno v HA, dvtibeta
avgavel | mepektikoTNTa TS dELULOGEULPIVIG TAOV PLDV.

3. "H nepektikotnta tod deiyuatog of kpeativivn OnoloyicBnke of mg/g
kpéatog. AVt Ppédnke mag ftav, otodg paptupes X, = 0,239+0,093 xai x,,
= 0357+0,075 mg/g xai ota deiywota x o = 0,276+0,155 xai x,, =
0.424+0,202 mg/g. Ta droteréopata adta émrpénovv 1M datvnwon tiig yvo-
NG oG VTMApYEL Uit cang adEnon THG MEPLEKTIKOTNTOS GF KPEQTLVIVY] TAV
detypdtmv, Evavtl tdv paptopov. ‘H adEnon adth, oratiotika EAEyyxetor GG
un onuoavtikn yua éninedo onuoavtkotntog 5%. Mid devtepn mapatipnon mov
umopel vi datonmBel elvar mog otd Seiypata, kai yid Svd xpOVOLE PETPRGENG
(X, Kai X,,), i Sracmopd TV TGV YOp® dNd TOV uéco Spo Atav capds peya-
AOtepn Gno 6Tt otovg paptupes. TO yeyovag avto, umopel va Odnynoer ot
oxéyn nag 8Ev Vmapyel ua dpoldpopen &nidpaon tiic HA otmiv adénon tiig
TEPLEKTIKOTNTAS TOD KPEATOG OFf KPEATLVIVN.

4. 'H T[EplSK"ClKO‘rn‘L‘a 100 deiyparog o€ yaraktiko OED (mg/g Kkpéatog) Bpédnke
TG AV GTOVG naptopes x, = 0,292+0,128 mg/g xoi x,, = 0,422+0.040
meg/g kai otd Seiypata x, = 0,367+0,096 xai x,, = 0,544+0,104 mg/g. "Evtv-
ToowK elval | adénon tiic neplektikotnTag of yalaxtikd AED @V deryud-
TOV EVOVTL TOV paptopmv kai pdAiota of EEapetikd cVVIOUO YPOVO UETA TNV
fiektponAntia. ‘H B mapatipnon Eywve kai yd tig tiuég mov Bpébnkav -
otepa and 24 hpeg (x,,). BeBoing ki’ 866 unopel kaveig vd mapatnpioet pid
apketd peyaln dacmopd TtV TdV yOpw Gmd Tov uéso Hpo.
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THAv adénon adty tig neplekTikdTTAG TOD PLog o8 yohaxtikd OEL (Tov
ocopufadiler pe v abinon Tic nePlEKTIKOTNTOG TOD KPEATOG GE KpEOTLVIVR)
umopel kavelg va drodocel o¢ évepyomoinon tdv &viduwv Ttfic YALKOYOVOAD-
cemg. Tehka paivetar, mmg T yeyovog avto, dni. 1 adgnon tfic neplektikoOT-
TG 100 VoG o€ yarakTiko A&V, pali pé v napdAAnin peiwon tiig Tiufig T00
pH, elvat ékeivog 6 mapdyoviag movd Eupeca Pondael oTiv Mo «ypriyopn GOpi-
poon» tTod Kpéatog. Louemva ué tic andyelg dykvpov épeovntdv, | 6An dw-
Swcacia tig HA npokakel pid pueioon 100 ATP otovg pdeg, ué drotéheopa va
yivetor duvatn pa ypiyopn woén fi katayuén dixwg tov kivbuvo tiig woxpfic
6LGTOATG 10D MLOC.

5. Of tuég 1o pH petafAnbnkav otodg uév uaptupeg ano x, = 6, 65+0.031
o8 X,y — 007+0.032 ota 8¢ OSeiyuata amo x, = 6,54+0281cé x,, =
.6,0140.307.

6. Téhog, N TPLPEPOTNTO TOV JEYUATOV O OYEON UE TNV TPLPEPOTNTO TOV
HEPTOPOV TTav TOAD peyaldtepy), mapd tO Yeyovog ndg 10 kpéag dév elye -
pPLUaoEL.

To televtalo adtd yvdpioua Exel daitepn GEia ya 1oV katovalwth. Bé-
Baw of émotnuovikég BEcelg 8@ &mavm dév elvar navrote Wdiec. “Ynapyovv &-
peovntég (Casteels et al., 1980) mobd dugiofntodv thv edvoikn &nidpaon Tiig
HA mave otiv tpugepotnta tod kpéatog, dvd dAAot, ol mepioootepot, TV G-
nodéyovral (Potthast, 1980). MdaAiota, & Deatherage (1980) {oyvpiletar maig
10 NAEKTpOTANYUEVO KpEag maipvel péoo o dvo pépeg v B TpLEepOHTNTQ
v Omoio dnoktdel kpEog mov SwwtnphOnke 16 dg 26 pépeg o1d wuyelo.

Ao b0 elvar yvootd and i PiBloypagia kai and ta Aiya movd dvagép-
Onkav mo mave, eaivetar tog f HA, dnA. /| 8iodog noALdv HAekTpikBY TOA-
pudv péoa amo 1o oeaywo fi 10 kpéag, mpokadel wd oepd Ao dvtidpacels,
nov &yovv MG teAKO dnotéhecua TtV molotikn PBedtimon tod kpéotoc. Be-
Baimg, drapyovv dapopornotioelg fi kai dupopfnrioeg yua 10 nowd dxppidc
glvar aOTH 7 moroTikyy Pehtioon mov Enépyetar 010 kpéag. “Ouwg, vouifovue
e T6 Gueeleyduevo drotedéopata deeilovtat kal 610 &t ol pehetntéc, dév
xpnoonoinoav Aot odte tovg drovg udeg, obte xai tig deg dxpifdg pedo-
dovg. Eidika o &1t dpopd otovg uveg, dnodeixbnke nag f HA dév 1odg &nn-
pealelt 6hovg kata tov ido tpomo (Corte et al., 1979).

Ao mAELPAS mMPaKTIKTG dpapuoyiic mpémel v onuelwBel nog fidn xai of
opisueva edponaikd ceayeio Exovv dykatactofel povadeg HA dynAfig i xa-
unAfic taoems. "ALilel va onuelwBel, ndg ot Néa Znlavdia, 10 90% nepinov
OV ceayimv tOv duvdv dmoBalovior o¢ HA (ADIV).

MEPIAHYH

Ta tehevtaio ypovia Eyve yvootd nog 1 fAektpodieyepon (HA) urnopel va
¢mdpdoet gdvoikd MAVMD OTINV TPLEEPOTNTA TOD KPEATOC.

1o tufjue adto tic pyoasiog pog EEetdaletar 1y énidpaon tiic HA oty pe-
oo Tiig moldTnTag TOL Kpéatog tod mpofdrtov.



—164—

Xpnotponombnke, yid v fAektponAngia, cLOKELT OV KaTOOKELAGONKE

oopemva pé tig vmodeikeig pag. Ta oroixelia tfic HA mov dpapudchnkav of
oeayw mpofdatov frav 150 V, 23 mA ya 507

‘H HA Eywe otov de€lo peigova yoitn npoPatwv, &vd & dpiotepdg xpnot-

ponomfnke MG paptupag.

Ta dnoteléopata Edeiéav nog dnapyer Betikn ovoyétion peta€d HA xai

a¥ENGEMG TAG TPLYEPOTNTOG, TOVAAYIGTOV TOD HLuog 100 oeayiov 100 npoPa-

tov nov &Eetdobnke otV épyacio adth. "Axouc dwmictoddnkav pueraBolric o

)

opouéveg tomikég otafepég 100 kpéatog (pH, yaraxtikd €D, kpeativivn).

—

N R LN
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