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Introduction .

High temperature conditicning of the carcass as & method of preventing or reducing cold shOrthi. 
and the accompanying toughness of meat has recdived considerable interests It is generally accepteq 5
that cold shortening will cause muscle toughnsss when lamb (March and Leet, 19663 lMarsh et aley 1648
McCrae et aley, 1971) and beef (Locker and Hagyard, 19€3) carcasses are chilled or frozen in the ppae
rigor state« One approach used to prevent muscle toughening is to hold the carcass at 14 to 20eg unt
pre-rigor changes in the muscle are near completion sinece minimum shortening occurs at this tempergy
range (Locker and Hagyard, 1963). Ia the case of lamb, at least a 16 hour holding period is requipsy
(MoCrae et ales 1971)e Cold shortening can be minimized by delaying the exposure of the carcass 10 ap
temperatures until the muscle DH has reached a valus below 6.0 and approximately 50% of the adﬂnuai' :
triphosphate (ATP) has been depleted (Bendall, 1975). &

A carcass eonditioning period may introducs an undesirable delay in processinge However, this pro
blem can be resolved by electrical stimulation of the carcasses which ersures a fast drop in pH ap
rapid depletion of muscle ATP (Carse, 1973 Locker et al.. 19753 Bendall et ale, 19763 Davey et als,
1976a and by MeCollum and Henrickson, 19773 Shaw and Walker, 19773 Savell et als., 19773 Bouton et
19783 Chrystall and Devina, 19783 Will ot al., 197931 Elgasim ot ale, 19813 Wbiting et al.; 1981),
though electrical stimulation has been adopited; Litlle informalion in avsgilablie regarding its aomb:
effect with the mode of chillinge Recently, keshid (1982) has found that the pil of the Longissimus
dorsi (LD) and semitendinosus (ST) muscles reashed nsarly 6.0 afther 4 houprs posimortem when lamb
sides were electrically stimulated within 15 minutes afier bleeding using direct current with square
wave pulse at 350 voliage (V)9 10 pulse psr sacond (11z) and 20 percent duty eycle {CD) when the sides
were held at 162C. Some of the biochemical-hiopkysisal chenges wich take place may be related to neR
quality. Hence, the aim of this study was to inveabigate the combined offect of elsctrical stimulatd
and slow chilling of law carcasses ab 15620 for 5 hours pestaortem on sone physiochemical und quality
characterisitics of specific ovine muscles, 3

A

Material and Methods

Animal and experimental desing,

Twelve Suffolk wether iambs (hot drescsed carcass wsight ranged from 21 to 29 k&) were slaughtert
according to commercial practices (in the Abattoir of the Meat Science Lahoratory, Oklahona State Unis
versity), skinned, eviscerated and divided into sidese The two sides within each carcass werc randomly
assigned to twe different and & halanced insomplete block desing, block size 2, was used. Acaording
8 total of 12 sides were electrically stimulated (S) while 12 @sides wers kept as controls (C). In It
case, 6 sides received rapid chilling treatment and the cther 6 sides werse subjected *to slow chilling
as shown in Table 1.

Electrical stimul=ation,

The sides electrically stimulated within 15 minutes post-mortem using a direct current with a BQuak
wave pulse for 4 minuies, Sinse a previous study (Rashjd? 1982) had shown that elsctrical stimulatd
using 350 V with 10 Ez (205 DC) resultzd in ths highest rwate of glycolysis as compared to some oth
combinations of difTerent voltages and fregusncies, theas gtimulation paremeters were used in <%he Pri
sent erxperiment. The elsctrical currsnt was zppliad by two wires each terminated with a olamp: One ;
clamp was attached to tha neck region at the level of the 5th and $th cervical vertebrae as the negeks
ve charge and the other clamp wae attachsd to the achilles tendon (near its muscular attachment) ad W
positive chargs to compliete the sircuit,

Muscle sempling procedures

Two muscles, namsiy tha LD and ST musclss were used to study the changes in some physiochemical_:“
quality characterisics., The ST musale was excised from both the S znd C sides inmediztely after el*ﬂ
trical stimulations The exvent of ouvld shortening, cooking loss and shesr force value were de tormd
at 24 hour post-moriem. Postmortem pH and tempersture changss were monitcred on intact LoD muscles'“ﬁ-
24 hours. Thersafter, samples wers taken %o measure the lean color, protein solublility, cooking 108
and shear force value,

L
Muscle pfi: Semple cores (1.27 om in diameter) wara taken drom intact LD musoles at O, 2, 4, 5’_8 82d|
24 hours postmortem and 1,5 g samples (teken from the cencer of the cores) were honogenized with
of 0,005 M sodium iodoacetats (Nichols and fross, 1980) for 30 seconds using & Brinkman Polyntrons
pH of the slurry was measursed with a Digital Corning-130 pH Meter.




The changes in the internal temperature of the LD museles wers measured with a
(Koch Model 1364), at the same time intervals as for tho pH memsuvements.

ortenings The ST musale was divided longitudinally into 2 approximately equal weight and length
5 initial lenght of each strip was merked by inserting common pins in either end, The strips
od in deep trays, coverad with Handi~i food wrap £ilm (Dow Chemical Company, Midland, Michigan)
= jnst evaporation and subjected as appropriate to either rapid or slow chilling as described
a 1y then the final lenght of each strip was measured to caloulate the percenti shortening,

0588 The LD chops and ST strips were cooked to an internal temperature of TOMC in a convection
sagabt Coes Inc.)s The heat Fenetrai‘.ion rate was monitored by & copper constanian thermocouple
sording thermometer assembly (Honeywell Co., Electronik 15). Cooking losses were derived from the
o between welght of each chop or =trip before and after cooking and expressed as a percentage
o weifhte
op value: ‘The cooked chovs or strips were wrapped in a Handi W food wrap film and placed in
at 29C for 12 hours to provide equalized firmness %o insure uniform cores (Kastner and Hen—
: 1_9_59), There cores (1ateral, doraal and medial) were iaken from the LD muscles and two cores
in diameier) were obtained from the ST muscles parallel to the direction of fibers using a co-
oo with an d electrical drills Two shear readings were recorded from each core at right angles
usole fiber using a Warner-Bratzler cell on the Instron Universal Testing Hachine (Instron
Hodel 1132)e The drive and chart speeds were calibrated at 10 am/min,

or: Boneless loin chops were cul from the careass 24 hours postmortem and allowed to bloom for

es. They were then placed on a styrofoam tray, wrapped in oxygen permeable commercial type

d plaaed in a retail case at 29C under 70 ft—candles {luorescent light Tor 4 days. Hunterlab

yalues which indicated respectively the 1ishtness, redness and yellowness were measured at 24
grvale using Hunterlab Tristimulus Colorimeter, MNodel D25 I-9. The radic of redness to yellow—
wee also caloulated.

n solubility: The solubility of different protein fractions was performed according to the proce—
Asghar and Yeates {19?4} with modificaticona,

ioate samples, ? g each, from homogeneous minced LD muscle wers extracted sequentially with di-
buffer systems, The sarcoplasmatic protein were extracted with 2% iso~osmotic glycerol solution
1970). The residue was extracted with 0.3 M HaCl unbuffer solution to dissolve myofibrillar

in and the with 0.6 M K1 in 0.1 M phosphate buffer to extrac the remaining myofibrillar proteins.
gtractions and centrifugations were performed at 29C. The resulting residue after washing thoroughly
@sionized water was extracted with chloroform-methanol (3:1, v/v) to remove lipid fractions,
er, the residue was extracted with 0.1 M lactic acid to estimate the acid soluble collagen.
¥, the remaining residue aprin washed with deionized water, dried at 105°C overnight, and desig-
8 insoluble collagen fractions. The swelling factor was also estimated according to the procedurs
ribed by Asghar and Yeates (1974). The protein content in different extracts was measured by biu
gotion end the A 540 nm was determined using a Gilford 240 Spectrovhotometer (Gornall et al.,

e-_.-,. pal analysis,

e data were subjected to anlysis of variance using a balanced incomplete block desing, block size
F-test was used to determine if significant differences cocured among treatments. Means were
d by Tuncan Multiple Range Test at the 5% level of significance (Steel and Torrie, 1960),

t8 and Disocussion
d temperature decline.

h the olectrical stimulation and the chilling methods had marked influence on muscle posimortem
819 (Figure 1), Stimulated sides whether rapid or slow chilled had a significantly (P 0.5)
; D than the respactive control museles at 2, 4, 6, and 8 hours postmortem. This is in agreement
é’ﬂ;ﬂouﬂ researchers who have shown that elsctrical stimulation accelerates the rate of postmortem
Eis Carse, 1973; Bendall et al., 19763 Davey et al., 1976a; McCollum and Henriokson, 19773
11 and Devine, 1978; Will et al., 1978; Whiting et al., 1981). However, muscle from electrically
IEEB& 8low chilled sides (S + 1:‘3905 experienced a greater pH decline (P 0,5) than the rapid chilled
.2 ) Bides, On the other hand, postmortem pH fall in the controll sides whether mlow or rapid
€+ 160C and ¢ 4 2°) was almost identical. Although it has been shown that the glycolitic rate
8 with an inorease in temperature above 102C (lMarsh, 19543 Cassens and Newbold, 1966, 19673
E_’ 79?7), the difference in ocarcass chilling rates does not fully explain why electrically sti-—
1:1&&5 showed a more papid pH fall in the case of slow chilling versus rapid ehilling (Figure 1),
le tgﬁntrol sides, the pH fall was almost identical regardless of chilling temperature. It is
‘oxp) at some glycolytic enzymes were activated during electrical stimulation to speed up glycolysis.
d:-mtion is supported by Clarke el al., (1980) who found that phosphofructokinase, aldolase,
5 angyde 3-phosphate dehydrogenase and pyruvate bound to actin filaments in eleotrieally stimulated
inereased the atability and aetivity of these enzymes, Whether or not electrical stimulation

® the enzyme system per &e in muscle has not been completely defined,

intepnay temperature of the LD muscle at 2, 4 znd 6 hours postmortem of stimulated (S 4 29C) and
-'16"0(): 4"290) sides whioch were rapidly chilled was lower than the stimulated (S + 16%C) and control
tronn, Sldes whioh wers slow ohilled (Figure 2). However, the temperature became almost similar for
¥ mﬂnta at 8 hours postmortem. There was no variation in temperature fall between the st:.mulated_
1 sides at any given chilling procedures (rapid or slow). Hence, differences in the rate of pk




fall for the LD muscle between stimulated and control cannot be aseribed to difference in Cargn
temperature fall assumed by Bendall (1980). Activation of glycolytic enzymes by electrical gyq g
may be one of the causative factors accounting for the rapid pH fall in electrically StimulatSQ

Muscle shortening

The effect of electrical stimulation and mode of ohilling in raducing the cold shortaning in 4y
muscle is summarized in Table 2. Both the electrical stimulations and chilling treatments si :
influenced cold-shortoning. The stimulated and slow chilled sides (5 4 16°C) hed simificantly ).
(p 205) shortening than the control groups., However, there was no significant difference (» o8
in the percent of shortening of the ST strips from electrically stimulated sides, whether they
or slow chilled. On the other hand, ST strips from control zides shortened significantly morpe cals
chilling. The present study shows that alectriecal stimulation significantly reduced muscle ﬂhortgéh
which may be attributed to rapid depletion of the energy rich phosphate compounds (adenosina tris
and phosphocreatine) as they determine the response of muscle Tiber shortening during chilling o
freezing of carcasses (Asghar and Henriokson, 1982). Many researchers have reported that aleotricah'
stimulation accelerates musculature AT depletion (Bowling et al., 1978; Will et al., 19803 Thiying o
ale, 1981). However, cold shortening is highly temperature dependent, being least severe betwoan 1
182C (Harris, 1975). This study supports previous reports in that, by reducing the thime required pet
muscles to reach pH 6.0 (throueh the application of ES), and by holding carcasses for ahout lesg :
hours at 169C, the extent of cold shortening was reduced as compared to carcasses conventionally 4
at 29C,

o0
Wen

Shear force and cooking loss,

The effect of elecctrical stimulation and holding temperature on the shear force value (kg) ang
king loss (%) for ST and LD muscles are also summarized in Table 2. Electrical stimulation signify,
(p .05) decreased shear force value as compared to those from the control regardless of the poat
chilling procedure for both ST aud LD muscles. Most investigators have shown thatl electrical stinulas
tions of the carcasses produced a tenderizing effect on ile musculature (Carse, 1973; Chrystall and
Hagyard, 19763 Davey et als, 1976bj Grusby et al., 1976; Ray et al., 19783 Stiffler et alsy 19785 Op

19793 Nilsson et al., 19793 Savell et al., 19793 Smith et als., 19793 Riley at al., 1980b; Bouton et
1980; Taylor and Marshall, 1980; McKeith et al., 1981). However, the shear force value of the ST mue
(excised from electrioally stimulated sides) was significantly (P .05) less when it was slow ohil

as compared to rapid chilled; whereas the electrically stimulated sides of intact LD muscle did no
significant differences in shear values between modes of chilling. Several explanations have been g

by different researchers to account for improvements in tenderness from electrical stimulation, Eﬁagi
include a) prevention of cold shortening (Bendall et aley, 19763 Davey et als, 1976a; Gilbert et ale, 1976
Walker et al., 19773 Bouton et al., 1980), b) increase in autolytic enzyme activity (Sorinmade et alay
19783 Dut;on et al., 1980}, and ¢) physical disruption of muscle fiber (Savell et al., 1978aj Georgs ot
als, 1980). 1

With respect of the cooking loss, the date indicated no significant differences (P .05) in boﬁﬁ

3T and LD musoles as affected by eleotrical stimulation and chilling temperature §Table 2)e This is:

agreement with Riley et al. (1980b) and Thompson (1981). However, Savell et al. 1978b) noted a hiﬂﬂ
cooking loss from electrically stimulated meat. These studies are not directly comparable as different
stimulation techniques and conditions were used.

Lean color.

The lean color measurements using Hunterlab Ly & , b values and the a/b color ratio of LD loin .
chops at 24 hours intervals for 4 days are shown in Figure 3. The treatment X day interaction exhibi
no influence (P 205) on L a, b color values and a/b color ratio, The data also indicated no signis
fiocant differences (P .055 in the objective Hunterlab color values of meat among all treatmentss
This was contrary to the finfing of Riley et als, (1980&) who showed by subjective evaluation that
electrical stimulation improved muscle color, decreased surface discoloration, and improved overall
appsrance of boneless loin chops from lambs duzing 4 days of display, Most of the studies, based on DAl
evaluation, have found the meat from stimulated oarcasses generally to be brighter (Smith et alos 1917
19793 Savell et al., 1978a and b, 1979) and had a more youthful lesn color (McKeith et al., 1981 than
that from unstimulated carcasses, However, several workers agreed that electrical stimulation did nod
improve lean color (Grusby st als, 19763 Nichols and Cross, 1980).

Protein solubility,

The effect of electrical stimulation and chilling rate on the solubility of different protein frzgf
from the LD muscle, at 24 hour postmortem is shown in Table 3, Neither electrical stimulation qor t
ohilling rate had any significant effect (P .05) on the solubility of the saroplasmic protein
fractions as oompared to the control., This is in diagreement with George et al. (1980) who have

concluded that slow cooding of electrically stimulated carcasses causes denaturation and precipitatian
of sarcoplasmio proteins onto the myofibrillars. If such a deposition occurs, it should reflected inOﬁ
decreased sarcoplasmis protein solubility. No change was unbuffered 0,3 M NaCl molution followed bY

Y K1 in O.1 M phosphate buffer. It is generally thought that presence of the POy ion in the puffer
dissociates the actomyosin complex and hence probiably increased the solubility of the myofibri:'l-lar
protein (Mihalyi and Rowe, 1966)., In view of this proposition, the myofibrillar proteins were firs?t
extracted with unbuffered 0.3 M Nall solution to see whether or not actomyosin complex fomed to &
different degree as a result of the different traittments applied to the carcass sides., It seems 501?
test with unbuffered 0.3 M NaCl solution had no significant effect on the extent of actomyosin formé
Similary, the total percentage of myofibrillar protein and the intracellular protein were also not

]
R - . t
significantly different (P «05) among treatments. These ohservations agres with those of McKeith @
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no measurable differences in the solubility of the myofibrillar protein of muscle
g 1y gtimulated and unstimulated steer cercasses, Acid-soluble oollagen ffreahly synthe—
ias§ and aoid-insolunle collagen (biologically mature collagen and some elastin) fractions
n otein were not significantly affected by electrical stimulation and carcass chilling
awelling factor which is used as an indicator of changea in the extent of crosslinkage
e ghar and Yeates, 1974, 1979) was also not affected by elaotrical stimulation. On the other
(ﬁsal- (1980) found no inorease in the solubility of the cerimysial collagem from slectrically
e ot 1as Howevers their data on differential scanning colorimetery showed a significant
““35 jin the thermal stability of the rerimysial collagen of the L. dorsi muscle from
0o 'timﬁlntad carcasses as compared to that from the control. As a matter of fact, very limited
! *‘1’12 available on the influence,.and more information is neadad.

1o fFound

1

dy shown that the combined effect of electrical stimulation and mode of chilling profoundly

B biochemical, biophysical and quality chatacteristics of ovine musclesSs The sides which

’gcglly stimulated and slowly chilled (holding the carcass sides for 5 hours at 169C) exhibited

t?pH decline, less cold shortening and greater tenderness than those which were subjected to
mentse However, the lean color during a 4—day retail display and the solubility of different
aotions showed no improvement by both electrical stimulation and carcass holding temperaturee.

; A, and Henrickson, Rele 1982, Post-mortem clectrical stimulation of carcassess Effects on

e ©° i ochemistry, biophysics, microbiology and quality of meat— a review. Technical Bulletin,
Agricultural Experiment Station, Division of Agriculturs, Oklahoma State University.,
Sstillwater, Oklahoma.

oo A, and Yeates, N,T.M. 1974. Systematic procedure for the fractionations of muscle protein, with
particular reference to biochemical evaluation of meat quality. Agr. Biole Chem. 3811851,

4, and Yeates, N.T.M. 1979, Muscle characteristics gnd meat quality of lambs grown on different
nutritional planes, 2. Chemical and biochemical effects. Agr. Biol. Chem. 43:437.

ix1l, JoR. 1975 Cold-contracture and ATP—turnover in the red and white musculature of the pig, post-
=" orteme J. Sci. Food Agric. 26255

1
dall, J.R. 1980, The electrical stimulation of carcasses of meat animal. In "Development of Meat Scien
ce—1", pe 37e Applied Science Publishers Ltd., London.

JoRe, Ketteridge, C.C. and George, A.R. 1976, The electrical stimulation of beef carcasses. Je
Sci. Food Agrice 2731123,

?,E,, Ford, A.L,, Harris, P.Ve and Shaw, F.D. 1978, Effect of low voltage stimulation of beef
carcasses on musole tenderness and pH. J. Food Sci. 4331392,

y P.B,, Ford, A.L,, Harris, P.V. and Shaw, ¥,D. 1980, Electrical stimulation of beef sides. Meat
Sei. 43145
h .

”ifﬂb R.A., Smith, G.C., Dutson, T.R. and Carpenter, Zele 1978, Effects of prerigor conditioning tre-
atments on lamb muscle shortening, pH and ATP. J. Food Sci. 43:502,

.
88, W.A. 1973, Meat quality and the acceleration of postmortem glycolysis by electrical stimulatione.
J. Food Technol, 81163,

5, RoG, and Newbold, R.P. 1966+ Effects of temperature on postmortem metabolism in beef muscles
Jo Sci. Food Agric. 171254«

#8008, R,G, and Newbold, R.P. 1967, Effect of temperature on the time course of rigor mortis in ox mus-
cle. J, Food Scie 32:269.

%all, B.B, and Devine, C.E. 1978. Electrical stimulation, muscle tension and glycolysis in bovine
sternomandibularis., Meat Sci. 2:49.

'”ntalllRB-B- and Hagyard, Ced. 1976. Electrical stimulation and lamb tendernesse. New Zealand J. Agrics
ess 1927,

r., Shaw, F.D, and Morton, D.J. 1980, Effect of olectrical stimulation post-mortem of bovine mus-—
cle on the binding of glycolytic enzymes. Biochem. J. 1865105,

8
s HeR, 1979, Effects of electrical stimulation on meat tissue and muscle properties, a review. J.
Food Sci. 441509,

71 C.L., Gilbert, K.V. and Carse, W.A. 1976a. Carcass olectrical stimulation to prevent cold shor—
tening toughness in beef. New Zealand. J. Agric. Res. 191136

N .
» C.L,, Niederer, A.F. and Graafhuis, A.E, 1976b. Effect of aging and cooking in tendemess on beef
Muscle., J. Scie. Food Agrice 2731251,




Dutson, T.Re, Smith, G.C. and Carpenter, %.L. 1980. Lysosomal enzyme distribution in slec‘crical;Ly 4
lated ovine muscle. Js Food Sci. 4511097, “tiny

Elgasim, B.A., Kemnick, W.H., MoGill, LoA., Rock, DeF. and Soeidnor, Ao 1981. Bffeot of elactrigey .o
mulation and delayed chilling of beef carcasses on carcass and meat characteristigs, i P’"'
Sci. 461340, o

George, A.R., Bendall, J.R, and Jones, R.C.D. 1980. The tenderizing effect of electrical ntimulatinm
on beef carcasses, Meat Scis 451,

Gilbert, K.V., Davey, CeL. and iewton, K.G. 1976. BElectrical stimulation and the hot boning of baagp,
New Zealand. Js Agric. Res. 201139, b
Gornall, A.Ge; Bardwill, C.J. and David, M.M. 1949, Determination of serunm protein by means of the .1
ret reaction. J. Biol. Chems 1772751, SET

Grusby, A.H., West, R.L., Carventer; J.W. and Palmer, A.%. 1976. Effects of electrical stimulatjgq
tendemess. J. Anim. Secie. 42:253,

Harris, PV, 1975. Meat chillings. CSIRO Food Res. Qo 35:4%a

Jeacocke, R.E. 197T7. The temperature dependence of anarobic giycolysis in beef muscle held in g 11 v
temperature gradient, J. Szi. Food Apgrice 28:551« A

Judge, M.D., Reeves, E.S., and Aberk, E,D. 1980. Effect of electrical stimulation on thermal shrinkage
temperature of bovine muscle collagen. In Prcce. 26th Turopean Meeting of Meat Research Woy
Vols 2, pe T4, Colorado Springs,; Coloradoa

Kastner, C,L. and Henrickson, ReL. 1969, Providing uniform meat corss for mechanical shear force me
rement. J. Food Sci. 34:603,

Locker, ReHe; Davey, C.L., Hottingham, P.M., Haughey, D.P, and faw, N.H, 1975. New oconcepts in meat g
cessing. Adv. in Food Res. 21:157. E

1 ‘ 1
Locker, R.He and Hagyacd, C.J» 1963, A oold shortening effeot in beef muscles. J. Sei. Food Agrice 143

Marsh, B.B. 1954, Rigor mortis in beef., J, Sci. Food Agric. 5:70.

Marsh, B.B. and Leet, N.G, 1966. Studies in meat tendermess, III. The effest of cold shortening on tens
demess, J, Fcod Sci. 31:450. |

Marsh, B.B., Woodhams, P.R., and Leet, N.G, 1958, Studies in neat tendemess, 5., The effects on tendenans
of carcass cooling and freezing before scompletion of rigor mortis. J. Food Soi, 33312,

MeCollum, P.D. and Henrickson, ReLe 1977. The effect of electrical stimulation on the rate of postmorte
glycolysis in some bovine muscles. J. Food Quality. 1315,

MoCree, S.E., Seccombs, C.G., Marsh, B.B. and Carse, Weh, 1971, Studies on meat tenderness. 9. The L@
nese of various lamb muscles in relationship to their skeletal resiraint and delay b
freezing., J. Food Secl, 36:566,

MoKeith, F.Ke, Smith, G.C., Dutson, T.Re, Savell, J.W., Hostetler, R.L, ard Carpenter, Z.L. 1580, Elegl
oal stimulation of intact or split steer and oow carcasses. Jo Food Protec. 431795

MeKeith, F.K,, Smith, G.C., Savell, J.W., Dutscn, TuR., Carpenter, Z,L., and Hammons, D.R. 1981. Effect!
of certain eleotrical stimulaticn parameters on quality and palatability of beef. Je F°fﬁ
Sei. 46313

Mihalyi, BE. and Rowe, A.J. 1966, Studies on the sxtraction of actomyosin from vebbit muscls. Biochams &
3453267,

Nichols, J.E. and Cross, H.R. 1980, Effect of electrical stimulations and carly post-—mortem excision an
pH decline, sarcomsre length and color in beef muscles. J. Food Protece 433514«

) .
Nilsson, H., Ruderms, H, and Fabiansson, S. 1979, Meat quality characteristics of very low voltage =
lated beef carcasses. Prog. 25th Nuropesn Meeting of Meat Research Workers. Budapesty Hungh

Rashid, W.H, 1982, Evaluation of elsctrical stimulation parameters with particular reference t0 Pi:”
cal and quality characteristics of meat from lamb. Ph,D. Thesis. Oklahoma State UniVes
Stillwater, Oklahoma.

insulss

Ray, E.Es, Stiffler, DocM., Benge, A. and Berry, BeW. 1978. Tnfluence of electrical stimulation, tors

tion and high temperature chilling upon muscle pH, temperature and palatability fac’
lightweight beef carcasses. Proc. West Sec. Am. Socs An. Seci. 29:131.

.1 cutE
Riley, R.R., Savell, J.W. and Smith, G.C. 1980a. Storage charecteristies of wholssale and retail GHEE
from electrically stimulated lamb carcasses., J. Food Sci. 45:1101,




gavelly JeWo, Smith, G.C. and Shelton, M, 1980b. Quality appearance and tendernsess of ele¢31
BoHes trically stimulated lamb. J, Food Sei. 45:119

., DutEon, TeRey Smith, G+C. and Carpenter, Z.L., 1978a, Structural changes in electrically
U We s stimulated beef muscles J. Food Sol, 43311606,

W-‘; Smithy G.Ce and Carpenter, Z,L. 1978b. Effect of electrical stimulation on quality a.nd pa~-
4 Jatabillty of light-weight beef carcasses. J. Anim. Scie. 4611221,

Smithy GeCe, Carpenter, Z.L, and Parrish, F.C. 1979, Influence of electrioal stimulatiom
on oertain charaoteristics of heavy-weight beef carcasses. Jo Food Soie. 443911,

J,W.’

Smithy GeC., Dutson, T.R., Carpenter, Z.L. and Suter, Dsdes 1977. Effeot of electricel sti-~

oHe !
e pulation on palatability of beef, lamb and goat meat. J. Food Soi. 421702,

R.Ke 1970 Charaoterization and study of sargoplasmic proteins. In "The Physiology and Bioohemig—
try of Musole as a Food". (E.J,. Briskey, R.@. Cassens, and B,B., Marsh, Eds.), Vol. 2, De
471e Unive of Wisconsin Press, Madison.

~§,D. and Walker, DeJ. 1977, Effect of low voltage stimulation of beef carcasses on muscle pHe Jo

B Food Sois 4281140,

GsCey Dutson, T.Re and Carpenter, Z,L, 1979, Electrioal stimulation of hide-on and hide—off carcass
ses, Jo Food Sei. 44:335.

s @.C., Dutson, TeRe, Carpenter, Z.L. and Hostetler, R.L. 1977+ Using eleotrical stimulation to ten~’
derize meat. Proc. Meat Ind. Rem. Conf, Meat Inst. Founde,, Chicago, 193147

de; Se0., Cross, H.R, and Ono, K, 1978+ The effect of elecirical stimulation on lysopsomal enzyme
- aotivity, pH deoline and beef tenderness. Prooc. 24th Meeting of the Buropean Meat Research
Workers, Vole. 2, E~9, Kulmbaoh, Germany,.

1, B.G.D. and Torrie, J.H. 1960, Principle and Procedures of Statistios. McGraw-Hill Bock Co., New
York, NY.

ry DeMe, Ray, E.E. and Harp, R.M. 1978. Effects of electricel stimulation on beef muscle pH and
tenderness, Proc. West. Sec. Am, Soc. An, Soi. 291151, .

y D.G, and Marshall, A,R, 1980, Low voltage electrical stimulation of beef carcasses. J. Food Soi.
5'1440

prony J.Te 1981. The effect of eleotrical current on hot boned pork quality. M.S, Thesis, Oklahoma
State University, Stillwater, Oklahoms.

D.J.é ngris, P.V. and Shaw, PeDe 1977. Aocelerated processing of baef. Food Technol., Australia
2_ 15 4o

igy R.C., Strangs, E.D., Miller, A.J., Benedict, R.C., Mozercky, S.M. and Swift, C.D. 1981, Effeot
of electrioal stimulation on the functional properties of lamb muscle. J. Food Sci. 453484,

e+, Henrickson, R.L. and Morrison, ReD, and G.V. Odells 1979. The effeot of eleotriocal stimula-
:20161 on ATP depletion and sarcomere length in delay-chilled bovine muscle, J. Food Sci. 443
464

Series Paper 4124 of the Cklahoma Agricultural Experiment Station. Financed in part by Station
2-4-23217, Appreciation is expressed to Deborsh Doray for techniocal assistances




Table 1. Treatment description

Treatment Description

1. S+16°C The sides were electrically stimulated (S) and
held at 16°C for 5 hours before being subjected
to a chilling temperature (2°C) for subsequent 24
hours.

2. S+2°C The sides were ele¢trically stimulated (S)and im.
mediately subjected to chilling temperature (2°)
for 24 hours.

3. C+16°C The sides were unstimulated or control (C) and
treated as in treatment 1.

The sides were unstimulated or control (C) and
held as in treatment 2.

Table 2. Muscle shortening (%), shear force (Kg) and cooking loss (%) values for ST and

LD muscles as affected by electrical stimulation and mode of chilling.

Muscle shortening (%) Shear force, (kg)* Cooking loss (%)*
Treatment: ST ST LD ST LD

S + 16°C 10.6- 5.0 4.1- 13.2- 19.7°
S + 2°C 13.1 5.8° 4.0° 16.1- 18.9-
C + 18°C 16.7° 6.3 5.1 16.3- 19.7¢
C + 2°C 19.6¢ 6.4 5.4 14.3 19.0°
8.D. of Adj. Mean 0.99 0.13 0.13 0.52 0.50

' See Table 1 for treatment.

* Each muscle shortening and cooking loss value Is averaged from 12 samples in both ST and
LD muscles.

* Each shear force value Is averaged from 48 samples for ST muscle and from 72 samples for
- LD muscles.

Means within a column followed by different letters are significantly different (P < .05).




Table 3. Solubility of differant proteln frections in LD muscle as affected by electrical
stimulatlon and mods of chilling.

—
protein fractlon

Treatment'

(%) S + 16°C

5 +2°C

C + 16°C

C +2°C

S.D. of
Adj.
Mean

sarcoplasmic 3.54°
myofibrillar® 4.46"
Myofibrillar® 7.3
Total Myofibrlliar 11.59¢
Intracellular Protein 15.13
Acld Soluble Collagen 119
Acid Insoluble Collagen 2.77¢
Extracellular Protein 3.9¢"
Total Protein 18.09¢
swelling factor* 59.88/

3.94-
4.22°
7.04°
11.26¢
15.20°
1.2%
2.55¢
2.88"
18.00°
86.24/

4. 44
440"
68.91°
11.317
15.42°
119
2.47¢
3.66"
19.08
80.2¢/

3.81°
4.42"
7.00°
11.42¢
15.23°
1.22f
2.63¢
3.85"
16.08
59.65/

6.29
0.19
0.18
0.19
0.35
0.13
0.45
0.39
0.03
0.06

1See Table 1 for treatment.

:gxtracted with 0.3 M NaC! irn unbuffered solution.
sgxtracted with 0.6 M Kl in 0.1 M phosphats buffer,
sSwelling factor = Weight of the sample (drained)

' Dry weight of sample

Means within each row followad by the sama isfter are not significantly

different (P > .05).
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Figure 1. Fostmoriem pH decline for LO muscle as affected
by electrical stimulation and mode of chilling.
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Figure 2. Postmortem temperature decline for LD muscle as affected
by electrical stimulation and mode of chilling.
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Figure 3. Hunterlab L, a, and b color values and a/b color ratio tor LD muscle
at day 1 to day 4 as affected by electrical stimulation and mode of chilling.






