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Effekt auf elektrische Stimulierung lysosomer Fermenttdtigkeit, pH Abfall und Rindfleischmiirbigkeit

S. 0. SORINMADE, H. R. CROSS* AND K. ONO

Meat Science Research ILeboratory, Agricultural Marketing Research Institute, Federal Research, U8
Department of Agriculture, Beltsville, Maryland 20705 U. S. A.

Der Mechanismus oder die biochemischen Anderungen, die die Erweichung von Fleisch durch elektrische
timuliETung hervorrufen, sind nicht ausreichend bekannt. Lysosome Ferment§ werden durch ein nledrlges
PH aktiviert und tragen teilweise zur Mirbigkeit durch Hydrolysierung der Bindegewebe (Beta-Glukorodinase)
und der Eiweiss (Kathepsin) bei. Ein Versuch wurde unternommen, den Erwelcherungsprozess zu erkliren.
Zu81e Stiere #hnlicher Herkunft wurden willkiirlich zwei verschiedenen antemortem Behandlungen ausgesetzt
keim gtregs [Kontrolle] oder stress - 48 Stunden ohne Futter, 10-Min. Bewegung &ll§ 3 Stunden wihrend
5 Stunden und ununterbrochene 30-Min. Bewegung unmittelbar vor dem Schlachten). E}ne Stun?e p9st mortem
Wiarden Teile beider Gruppen willklirlich zwei Behandlungen ausgesetzt - keime elektrlsch? Stimulierung
(Kontrolle) oder Stimulierung mit 1l-Amp Strom (145-250 V) in 15 Sek. Pausen wéhrend 3 Min. (Wechselgtrom -
€0 Zykl.), Tongissimus Proben wurden bei O, 3, 6, 12, 24 und 48 Stunden entnommen, um das pH und die
Lysosome Fermenttitigkeit zu bestimmen, und bei 48 Stunden fir sensorische Gruppenbewertung.
pet Schne _Werte wurde bei elektrisch stimulierten Teichen von Tieren beobachtet, die
Stress niiiit§u§222i%zieéuﬁgeﬁ, whhrend stimulierte oder unstimulierte Leichen den niedrigsten Abfall
&ufwiesen' Stimulierte und unstimulierte Leichen von Stress ausgesetz?en Tieren ?rwiesen sich als
Weniger miirbe (Gruppenbewertung) als stimulierte Leichen von Tieren, die Stress nicht ausgesetzt waren
(5,5, 5,3, 4,9, versus 6,0).
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ig; Dechanism or biochemical changes responsible for meat tenderizati?n by elect?ical stimulation are not
hydPletely known. Lysosomal enzymes are activated by low pH anq partlal}y contrlbutg to tenderness by
madrOIYSing connective tissue (B-glucuronidase) and by hydrolysing prote1n§ §cathep51gs). Ag attempt was
hise to give an insight to this tenderization process. Twelve steers of similar breeding and management

t?rY were randomly assigned to two antemortem treatments (no stregs {control} or stress——48 hr off feed,
sidmln.exerCise every 3 hr for 15 hr and 30 min continuously just prior to slagghter). One hr gostmortem,
Sties in each group were randomly assigned to two treatments—-no electrical stimulation (control) or '
i MWlation--with 1 amp current (145 to 250 volts) at 15 sec intervals for 3 min fA? - 60 cyc%e). Longissimus
“pleg were removed at 0, 3, 6, 12, 24 and 48 hr for pH and lysosomal enzyme activity determination and at

bhr for sensory panel evaluation.

Qlectrically stimulated carcasses that were not stressed had the most rapid rat? of pH decline w?ile stressed
QQrCasSes (stimulated and unstimulated) had the lowest. Stressed carcasses (stimulated and unstlmul?ted) and
:trol (unstimulated and unstressed) carcasses were less tender (panel ratings) than unstressed, stimulated

Casgeg €555, 5.3, 49 vs 6.0).
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Effets de la stimulation électrique sur 1'activité des enzymes lysosomales, le fléchissement du pH et la
tendret€ du boeuf.
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Meat Science Research Laboratory, Agricultural Marketing Research Institute, Federal Research, U.S.
Department of Agriculture, Beltsville, Md. 20705, 58, A,

Les changements mécaniques ou biochimiques qui assurent la tendret® de la viande par une stimulation
6lectrique sont mal connus. Les enzymes lysosomales sont mises en marche par un pH faible et contribuent
en partie 3 la tendreté en hydrolysant le tissu conjonctif @8 - glucuronidase) et les protéines (cathepsines
On s'est efforcé de mieux connaitre ce processus. Douze boeufs de méme race et de méme élevage furent
choisis aléatoirement et affectfs A deux traitements antemortem (sans stress et avec - contr8le) - 48 heures
3 jeun, 10 minutes d'exercice toutes les 3 h pendant 15 h. et 30 min. cons®cutivement avant abattage).

Au postmortem d'une heure, les quartiers de chaque groupe furent affectés al8atoirement } deux traitements
--- sans stimulation €lectrique (groupe tfmoin) ou avec stimulation - courant d'un ampdre (145 3 250 volts)
3 intervalles de 15 secondes pendant 3 min. (alternatif-éo cycles). Des €chantillons longissimus furent
prélevés aux heures suivantes: 0, 3, 6, 12, 24 et 48, afin d'en observer 1'activité des enzymes lysosomales
et du pH, et 3 48 heures aux fins d'Gvaluation sensorielle (sensogy angl).

Les carcasses stimulées électriquement non soumises au stress présentent le taux de fléchissement du PH
le plus rapide, alors que les carcasses soumises au stress (stimul€ ou non—stimulé) possédaient le plus
faible. Les carcasses soumises au stress (stimulé ou non-stimul8) et les carcasses t&moins (de contrble)
€taient mo%ns tendres (indices du Eanel) que les carcasses sans stresses et stimulfes (5.5, o e
contre 6.0).

(%} il
BanaHMe JM30COMHOV 1eATEeNPHOCTU HepPMEHTOB, CHUNXEHUS PH 1 MATCKOCTY IOBSIUHH Ha BJEKTpuuecKyd
CTUMYJISA IUB

C.0 COPVHMEMI, X. P. KPOCC® u K. OHO

JlaGopaTopus MO HaYUHEM MCCJEIOBAHUAM O MIcCe s Hayuno-uccae rosaTeabeKuit UHCTUTYT MO CEILCKO~
XO34UCTBEHHOMY COHTY , ®e re pasbHNE MCCJIETOBAHNA , MUHMCTEPCTBO CEIBCKOTO XO3MHCTEE, CIIA,
r. bearcBuab, wT. MepuasHnm, CIA

MexanusM MiIM GUOXUMUUECKUE MIMEHEHUT, BH3HBANMAES pasMirueHe Msca TYyTEM SJIEeKTpPUUeCKOol
CTUMYJALMA MONHOCTBO HE MCCIENOBaHH. JIM3ocOMHNE (PEePMEHTH aKTUBUBUPYOTCH HUIKUAM PH un
YaCTUYHO CONEHCTBYDT Pa3MAlyueHUN; TUTPOIN3UPYI COeUMHAUTENbHYKW TKaHb (ﬁera—rﬂmxopowwuaa)

v Genxu (KaTemncuHs). BiHIa CHEJaHa TOMHTKA ONpenesnTh 3TOT NPOLECC pas3MArYeHus, [Be-
HalIlaTh GHKOB CXOJHOI'O PA3BENEHMS GHJIM MOABEPHYTH Ha BHOOPOUHOM OCHOBE TBYM TUIaM npen-
CMepTHOrO ofpamerui (oTCyTeTBMe cTpecca /KOHTpOmb/ MaM cTpece -- U8 uacom Ges KopMa.
IO-MMHYTHOE IBUXEHME KaxIie 3 uaca Ha npoTaxeHUU I5 4YacoB M HempepHBHOE 30-MUHYTHOE
HENOCPEeNICTBEHHO Hepesn y6oeM). OIUH 4Yac moce y0Os, CTOPOHH KaXIOW I'DYIIIEH NIONBE PraJuch,
Ha BHOOPOUHOM OCHOBE, NOBYM NPOLECCAM -- OTCYTCTBUE DIEKTPUUECKON CTUMYIIUUM (xoHTpOXB )
Wi CTUMynsuMs TokoM B I amn (I45-250 B) mo I5-CeXyHIHIM MHTEPBAJaM B TeUYeHUe 3 MUHYT
(mepeMenHHit Tox - 60 LMKJIOB). OGpaaus longissimus Gpagauck B 0, 3, 6, I2, 24 u 48 uyscos
And onpereseHna pH U JIM3OCOMHON meATeldbHOCTM PepPMEHTOB, M mnocie 48 wacos mig Oolle HKU
CEHCOPHON NeSTeNbHOCTU.

SIEKTPUIECKN CTHUMYJIMPOBAHHHE TYIU; HE MOJIEXABIUE CTPECCy, BHABUNN HauUGOJEe CKOPHHI cnaxn
PH, Torma KaKk TYDU XVWBOTHHX, NOABEPIHYTHX CTpeccy (Co CTUMyIsuueir uam Ges HEe) BHABMIA
Haubojee MenJeHHn? cuan pH. Tyuu XMBOTHHX O ctpeccom (co CTUMyIALMe#! nau 6es) u

Ty KOHTPOJNBHHX XMBOTHHX (CO CTUMyIALMEH uIM 6e3 HEe) OKa3aJuceh MeHee pa3MATrueHHEMU
(ouenxa rpynux) uem CTVMMYJNMPOBAHHIE TYWM XMBOTHHX HE TOABEPIHYTHX CTpPECCy (5283 5581 %39
no cpasHeHUnD ¢ 6,0).
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troduction

€Veral studies on beef have suggested that electrical stimulation will accelerate post-mortem pH decline,6.
asten rigor development, and improve tenderness (Harsham and Deatherage, 1951; Chrystall and ?agyard, 1976;
h et al., 1977; and Savell et al., 1977). Some investigators (Chrystall and Hagyard, 1976; and Davey
%E 2l., 1976) have attributed the improved tenderness effects of electrical stimulation to prevention of
¢old shortening." However, recent studies have failed to show consistent differences in sarcomere length
of Stimulated and unstimulated carcasses (Savell et al., 1977 and Grusby et al., 1976). Several workers
Dutson et al., 1978; Smith et al.; 1977) have suggested that part of the tenderization may resu}t from
CreASQE“éEEivity of the 1y§6§3§al enzymes in the treated carcasses. Lysosomal enzymes.are actlvaFed by
oW muscle PH (Tappel, 1966) and may partially contribute to meat tenderness by hydrolysing connective
Sue (B-glucuronidase) and/or proteins (cathepsins).

5 Obtain an insight into the tenderization process, we evaluated the effect of electrical stimulation on
YSosomal enzyme activity in carcasses from stressed and unstressed steers.

Materia)

Tn 5 5or—2nd Methods

s 2x2 fact§:§2;d2xperiment, 12 steers of similar breeding and management history (USDA quality grade of
M to average Good; USDA yield grade of 2.5 to 3.0 and 375-425 kg in weight) were randomly assigned to
two antemortem treaément groups, One group of steers were not stressed (control) but allowed free access
fo feeq and water prior to slaughter; the other group were taken off feed and water for 48 hr prior to
Slaughter and stressed by exercising for 10 min every 3 hr for a total of 15 hr and then continuously for
1 n just prior to slaughter. The stress treatment was designed to lower muscle glycogen level so that
actic aciq level, also, would be lowered and the pH would remain high (Ashmore et al., 1971). The two

atments with and without stress were performed to provide two different rates of pH decline.

At 1 hr postmortem, sides from unstressed and stressed carcasses were randomly exposed to two treatments—-—

0 electrical shoci and electrical shock. Metal pins serving as electrodes were placed in the round muscle

S:3r the Achilles' tendon and in the muscles between the scapula and the thoracic vertebrae. Electrical

Stimulation was administered for 15 sec at about 1 sec intervals. Stimulation was for a total of 3 min,

Sth 3 amp current passing through the carcass (145-268 volts; AC, 60HZ) .

ion 1ssimus muscle samples were excised at 0, 3, 6, 12, 24, and 48 hr poststimulation and analyzed

mmediately for pH and lysosomal enzyme activity, with B-glucuronidase as a marker enzyme. After

-2 gr of chill at 2-3°C, two 2.5 cm thick steaks were removed, wrapped in freezer paper, and stored at

C 89C for subsequent palatability evaluation by a 10-member descriptive attribute panel as described by
YO8s et al. (1978).

igr PH determination, 10g of sample was homogenized with 50 ml of cold 0.25 M sucrose containing 0.02 M
. a Sorvall Omnimixer for 20 sec at speed 6. The homogenate was filtered by two layers of cheese

Sloth, and pH of the filtrate was determined before adjusting to 7.3. Subsequently, the filtrate was

Processed to yield B-glucuronidase, which was then assayed according to Gianetto and deDuve (1955).

ang 2Mount of soluble protein was determined by the modified biuret procedure (Gornall et al., 1949),

OVine albumin was used as standard.

tr

Resu)
ts
and Discussion ]
ﬁz;e of pH decline is presented in figure 1. Electrically stimulated beef sides that were not stressed
h

thy the most rapid rate of decline (P <0.0001) while the stressed sides (stimulated or unstimulated)ehad
< Slowest rate of pH decline. The nonstressed and unstimulated group (control) had a pH value of .io
hr post-mortem (i.e., 0 hr poststimulation). This value falls within the range 6.48-7.04 reporte

;grthe literature (Moeller et al., 1976; McCollum and Henrickson, 1977; Shaw and Walker, 1977; and
rant and Mothersill, 1977).
The

PH value dropped to 5.45 within 6 hr poststimulation (7 hr post-mortem) in the nonstressed, stimu-
tﬁ:ed 8roup. Giigert and Davey (1976) obtained a pH of 5.49 in 5 hr using a higher voltage (3600 V) than
t

i ficantly higher
ich we used. At 48 hr poststimulation pH of the stressed carcasses were signi
§£8<0'05) (5.80 and 5.76, respectively, for unstimulated and stimulated carcasses) than those of the
tregg

ed beef sides.
ziziy &t al. (1976) observed that tenderness is the palatability attribute most affect:i b{ elgctric:is
r ulation, Mean values for palatability and Instron shear force are presented in ta de ‘ tiari::ed
caom Unstressed, stimulated animals were rated significantly more tender than unstressed, u;s m; e
rcasses, This difference was supported by signifciantly different Instron shear force values ? W
i groups. The unstressed, stimulated carcasses had the least variability about the means for
eTness and Instron shear for;e. The differences in tenderness were large enough to be of practical
tengrtance‘ Carcasses from stressed animals were intermediate to those from the uns;reszedtiiithzdin
€rmess and were not significantly affected by electrical stimulation. Unstressed and stimu

Caa
:g 98es were rated significantly lower than unstressed, unstimulated carcasses in detectable connective
ue,

t

t Data in table 1 suggest that electrical stimulation of stressed animals does little to enhance
eﬂderneSs'
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Fig. 1 Fig. 2
The effect of electrical stimulation and stress The effect of electrical stimulation and stress
treatment on the rate of pH decline. treatment on the release of lysosomal enzyme
(B- glucuronidase)
Table 1. Means and standard deviations of Instron and palatability ratingsl
Sensory Panel Ratings
Treatment Connective tissue Instron maximum

n Tenderness? Juiciness> amount shear force (kg)
Stressed and unstimulated 6 5.3(0.85)ab 5.4(0.27)3¢ 6.4(0.29)ab 6.0(1.40)2
Stressed and stimulated 6 5.5(0.77)ab 4.9(0.67)b 6.4(0.51)ab 5.3(1.86)ab
Unstressed and unstimulated 6 4.9(1.15)b 5.8(0.38)2 6.2(0.31)b 5.9(1.51)2
Unstressed and stimulated 6 6.0(0.40)2 5.0(0.30)Pc 6.8(0.42)2 5.0(0.92)P

dbCMeans in the same column with different superscripts are significantly different (P <0.05).
Means in the same column having different letters are significantly different (P <0.05).
2Tenderness - 8 = extremely tender, 1 = extremely tough.

Juiciness - 8 = extremely juicy, 1 = extremely dry.

Connective tissue amount - 8 = none, 1 = abundant.

Analysis of variance revealed that there was no difference between treatments in the specific activity
of lysosomal enzymes, as monitored with B-glucuronidase. Perhaps the number of observations used in
this study was not sufficient to demonstrate any significant difference due to the stimulation treatment
(figure 2). The free activity of lysosomal enzyme in all groups dropped within the first 3 hr and then
started to increase, At 12 hr poststimulation activity was higher, but not significantly so, in the
nonstressed, stimulated sides than in the nonstressed, unstimulated sides. The unstressed, stimulated
sides (pH 5.60) tended to have the least amount of free activity at 3 hr poststimulation. The combined
effects of low pH and high carcass temperature cause the disruption of the lysosomal membrane and the
rapid release of acid hydrolases particularly B-glucuronidase into the muscle tissue (Moeller et al.,
1976, 1977). The B-glucuronidase, so released, then undergo autolytic digestion. Apparently, the rate
of autolysis was highest at 3 hr poststimulation. Dutson et al. (1978) observed significantly (P <0.05)
less total activity of both B-glucuronidase and cathepsin C in ovine muscle that had been electrically
stimulated, The loss in activities suggests that a greater amount of autolysis had occurred in this
muscle,

In conclusion, rate of pH decline was the most rapid for unstressed, electrically stimulated sides and
slowest for the stressed sides (stimulated or unstimulated). The unstressed, stimulated sides were the
most tender, and these sides had the least variability about the means for tenderness and Instron shear
force. A low variability could be of practical importance to the industry and the consumer. The
differences in lysosomal enzyme activity were not significant, however, there was a relationship with the
rates of pH decline and the lysosomal enzyme activation. Our results do not conclusively establish a
direct relationship between lysosomal enzyme activity and muscle tenderness. If no significant differences

in tenderness had been detected, the role of lysosomal enzymes could have been ruled out; but since this
was not the case, the possibility for their contribution to tenderness still exists.
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