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SINGULAR AND COMBINED METHODS FOR INCREASING TKNDERNE33 OF BEEP 
G.C. Smith, Z.L. Carpenter, T.R, Dotson and R.L. HontoUnr 
Toxan and University Colloge Station, Toxao 77843

Muscles from 42 forage-fed otoero wore uaod to d'-t.-rmine singular and combined offoctn 
of electrical stimulation /E3/, delayod chillier /D C / and pelvic suspension /P3/ of 
nideo, ooolor aging /CA/ of wholesale loino, and blade tenderization /HT/ of wholesale 
loinn and top roundn on palatability and cooking lorin of loin and top round ritonka.
ES or PS /unod aingularly/ increased /P<«05/ tendornoaa and docroanod /P<.05/ nhoar 
force of loin steaks, oomporod to steaks from untroated /control/ nideo or cuto.
Maximum tenderization of the longissimuo muaclo waa achieved by eithor ES or DC of 
aideo, followed by CA and BT of ohortloino. None of the initial tenderization treatmento 
/ES; DCj or PS/ uoed singularly, enhanced the tendomeon of tho oemlmombranonun muscle; 
however, combined treatments— ES, PS; PS, DC; ES, DC, P3— of sides, and uoe of BT 
/in combination with PS; ES, PS; PS, DO; or ES, DC, PS/ of the wholesale cut incronned 
/P<«05/ tenderness and decreased /P<.05/ ohear force of top round steaks. Maximum 
tenderization of the oemlmembranoouo muscle was achieved by ES, PS, DC of the side 
followed by BT of the top round.

Einzelne und Kombinierte Methoden zur Erhöhung der Zartheit von Rindfleisch 
CUC Smith, Z.L. Carpenter, T.R. Dutson und R.L. Hostetler

Texas and University College Station, Texas 77843 U.S.A.

Muskeln von 42 stallgejtltterten Jungstieren wurden benutzt, um einzelne und kombinierte 
Effekte von elektrischer Stimulierung /ES/, verzögerter Kühlung /DC/ und Beckenaufhängung 
/PS/ der SeitenstUcke, Kühlerabhängung /CA/ von Grosshandelslendenstücken und Blattzart- 
machung /BT/ von Grosshandelslenden und MittelstUcken auf die Schmackhaftigkeit und 
Kochverluste von Lenden- und Rundsteaks zu bestimmen. ES and PS /isoliert angewendet/ 
erhöhte /PC.05/ die Zartheit und verminderte /PC.05/ die Scherkraft von Lendenoteaks, 
verglichen mit steaks von unbehandelten Seiten oder Stücken /zur Kontrolle/. Eine 
maximale Zartmachung des longlsaimua-Muskels wurde erreicht durch ES oder DC von 
Seitenstücken, gefolgt von CA and BT von Kurzlenden. Keine der anfänglichen 
Zartmachungsbehandlungen /ES; DC; oder PS/ erhöhte einzeln die Zartheit des 
seniimembr2ii2SJ12.“ Muskels; kombinierte Behandlung jedoch— ES, PS, DC; ES, DC, PS—  von 
Steiten und die Benutzung von BT Aombiniert mit PS; ES, PS; PS, DC; oder ES, DC, PS/ 
des Grosshandelsstuckes erhöhte /P<.05/ die Zartheit und verminderte /P<.05/ die 
Scherkraft von Spitzen-Rnndsteaks. Eine maximale Zartheit des semlmembranopus -Muskels 
wurde erreicht durch ES, PS, DC der Seite, gefolgt von BT des Mittelstückes.
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Dea Méthodes Simples et Combinés pour Augmenter la Tendreté de Boeuf
O.C. Smith, Z.L. Carpenter, T.R. Dutson et R.L. Hostotler 
Texas and University College Station, Texas 77843 -U.S.A.

Des muscles de 42 jeunesboeufs élevés au fourrage ont été employés pour déterminer 
des effets simples et combinés de la stimulation électrique /ES/, d'une réfrigération 
retardée /DC/ et d'une suspension pelvienne des cotes /PS/, du mûrissage réfrigéré 
/CA/ des faux-filets vendus en gros, et de l’adoucissement de lame /BT/ des faux- 
filets et sous-noix vendus en gros sur le degre du goût et les pertes par la cuisson 
des steaks de faux-filet et de cous—noix» ES ou P3 /employé séparément/ augmentaient 
/^(•05/ 1® tendreté et diminuaient /P<«05 la force de coupure de steaks faux-filet, 
comparé aux steaks pris des cotes ou moroeaux non-traites /de contrôle/. Une tendroté 
maximale du muscle lfinRiaalmua était accomplie par ES ou DC des côtes, suivie par 
CA et BT dea faux-filets courts. Aucun des premiers traitements d’adoucissement 
/ESj DC; ou PS/ employés séparément augmentait la tendreté du muscle semlnierobranosuai 
par contre, des traitements combines — ES, PS; PS, DC; ES, DC, PS— dea côteB et l'emploi 
de BT /combine avec PS; ES; PS; PS, DC; ou ES, DC, PS/ du moroeau vendu en gros 
augmentait /P<.05/ la tendreté et diminuait /P<.05/ia foroe de coupure de steaks 
sous-noix. Une tendreté maximale du muscle g-2̂ Lmgmb£2Qogysi était accomplie par ES,
PS, DC deB côtes suvi par BT du sous-noix.

EflHHHqHHe H KOMgHHHPOBaHHUe M6 T0RH yjOTIgeHBH OCltHrqeHBH rOBHRHHM
r.U.fflUHT, 3.JI.KAPIIEHTEP, T.P.flyTCOH b  P.JI.rOCTETJEEP

TexacKHfl A h U J/H H B epcm eT , K o an eax  Ct s Hüioh T e x a c  7 7 8 4 3  CŒA

ynoipefÎJiHJiH iiycKyaH 4 2  BHaepsanmix ra iioæhoxhoh Ropuy (5h r o b ,  ï t o Ôh hbíIt b  eaBHHMHue b 
KOltóBHBpOBaHHHe 8$$®KTH 8JI0KTpBlI0CKOR CTBXyXflRBB (ES ), 8ail0fl;i0HHOrO OXJia*fl0HBH ( DC ), 
noflBenaHBH raaoBHX (PS ) Oo ko b ,  BuaepxRB b  oMajarexe (CA ) b oflMHrqeHBe rjtbhksub (bt ) 
onioBux $BJietlHHx naciett b  b b p x h b x  Rpyrjmx <5b $ ibt0Rcob h s iipbh th o c tb  Bxyca h hs yfltuoR npa 
h x  BapeHBB. e s  bjiü PS ynoipeóíiHeiffla ejBHHtiHO yBe/râ BJiB (P< . 0 5 )  oUiwr»ieHH0 b yiieHiniBJiB 
(P  < . 0 5 )  OBJiy cpe8a $ b ji0 í!hhx m bctoM, no c pbbh bh r d  o 6 b $ b t 8RC8iib bb HeofipsCoTaHHoro iwoa. 
MaKCBuaniHoe ofiiiHrMOHBO iiycKyna longlsslmus <5hxo npBoflporoHo o ES hjib c DC <5o ro b .  
Bzopuii CmiB CA b BT $ b ji0# hhx nacie«. Hb r 8r b 0 bs o t p b h x  nponoccoB c u o jibb  oCMHriSHBfl 
(ES {DC { BJIHPS ) ynoTpofiflHeioia 8SBHBMH0 H0 nOBHCBXB otfiwmOHBH iiyCRyxa eemlmembranosug 
Ho, Korxa kom<3h h bpob0 ; ib c b ES bps ;  PS b dc jes ,  dc g FS (Jo ro b ,  b Koraa ynoipetfjiHJiocB 
BT ( BM0 CT0 0 PS { O ES B PS { PS B DC {ES , DC *PS ) H8 OHTOBHX OTP0 8 R8 X, TBrflB OflMHr- 
Í0 HB0 Bospocno (P  < . 0 5 )  b yiiOHiniBnacB (P  < . 0 5 )  OBna cposa sepxHBX Rpyrjmx <5b $ ht8 r c o b .  
liaxcBHyif O(5uHrM0HBH iiycRyxa aemlmembranosustfHJio npBoflperoHO c  ES ,  PS , DC Corob Bii0CTe 
o BT Ha BopxHBX Rpyrrauc (Jh$ bit0Rc o b .
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Wanderstock and Miller /1948/ reported that grass-fed beef was lower in quality, less 
tender, less fat /externally and internally/ and more yellow in fat color than grain-fed 
beef. Bowling et al./1977/ reported that grain-fed beef is more tender, more desirable in 
flavor and more palatable than is forage-fed beef. Tenderization techniques useful for 
beef include« electrical stimulation /Saveli et al.1977/, delayed chilling /Fields ej; al.. 
1976/, pelvic suspension /Hostetler et. al.,1975/, cooler aging /Smith at al.,1978/ and 
blade tenderization /Seideman at al.,1977/. The present study determined effects of ten­
derization techniques on palatability of steaks from forage-fed cattle.

Experimental procedure
One side of 42 forage-fed steer carcasses received 1, 2 or 3 treatments / ES, PS, DC /j 
the opposite sides served as untreated controls.
Electrical Stimulation. Within 1 hr postmortem, sides were given 50 Impulses of 440 volts, 
5 amps /50 cycles/sec/ using an "Electro-Sting" stunner for 2 min.
Pelvic Suspension. Sides were suspended via the obturator foramen.
Delayed Chilling. Sides were chilled at 21°C for 8 hr postmortem, then placed in a 1°C 
cooler with the control /untreated/ sides.
Cooler Aging. Unwrapped shortloins were stored at 1°C for 14 days.
Blade Tenderization. Top rounds were tenderized twice, shortloins were tenderized once 
using a Ross Meat Tenderizer /Model TC-700/. ,
Carcass Shrinkage. Sides were weighed at 1, 24 and 48 hr postmortem. 
pH and Temperature Decline. Temperature and pH of longissimus from eveiy side were 

j monitored at 1, 3, 6, 12, 24 and 48 hr postmortem.
Carcass Evaluation. U.S.D.A. grades were assigned to each side.
Steak and Muscle Samples. Samples were removed /60 hr postmortem/, wrapped in polyethylene- 

i coated freezer paper and frozen-stored at -18°C.
Sensory Panel Evaluation and Wamer-Bratzler Shear Values. Thawed /24 hr at 1°C/ steaks 
were cooked to 70°C in a 177°C oven, A trained sensory panel / 8 members / evaluated 
palatability; 4 to 6 cores /1.27 cm/ per steak were sheared.
Proximate Analysis and Water Holding Capacity. Longlssimus muscle /13th rib/ was frozen 
/LN2/ and powdered /Waring Blendor/| moisture /24 hr, 102°C oven-drying/ and fat / 8 hr, 
ether extraction/ were determined. Longlsaimus muscle was pressed at 281 kg/sq cm for 
5 min to measure water holding capacity.
Sarcomere Lenght. Longlssimus muscle was homogenized /10 sec/ in o.25 M suorosej 
10 sarcomeres in each of 25 myofibrils were measured.
Statistical Analyses. Analysis of the data was accomplished using analysis of variance, 
paired-t analysis and multiple range tests.

RESULTS AND DISCUSSION

There were no /P< .05/ differences among the seven initial treatment groups in slaughter 
weight, dressing percentage, U.S.D.A. yield or quality grades. Control and treated sides 
did not /P <,05/ differ in* /a/ carcass or longlssimus quality characteristics, /b/ 
longlssimus moisture or fat, and /c/ with one exception, carcass shrinkage. Sarcomere 
lenght was increased by ESj PS; DC; ES, PS; ES, DC; PS, DC and ES, PS, DC; results agree 
with Chiystall /1976/ for ES, Hostetler et al./1975/ for PS, and Fields et al./1976/ for 
DC, but do not agree with Saveli et al. /1977/ for ES or Hostetler et al./1975/ for DC.
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Temperature decline was leseened by use of DC; ES, DC? PS, DC« and SS PS DC 1 *

r  r  t  tai "■ »■>* *  <s. ps, „  » . « . ’C » ; . ” ' “  •5
ionglsslmus^at 4 °r 48 hr P°8*a0rte!n na3 ' * *  affected by treatment. .Longiselmue nH 
lower /P <.05/ than that for control sides in sides treated by ES /I 3 g t? 1 .  h ,

£  'U  A r/3 12 h1; 6 ?r/' i3' "  A ’ 3’ 6‘ 12 hr/> PS. HO /i. 2; JaPo, DC /l, 3, 6, 12 hr/. Accelerated pP decline has been reported in reeoonse tc ES
/Chryatall, 1976; Smith et al., 1979/ and DC /.Pields et al., 1976/

With one exception neither flavor nor Juiciness ratings for loin steaks and top round
« T L ' . T  :  . r> ; 05/ 37 °f “ • "f t— r t » « . .die not increase cooking lose or decrease water holding capacity.

Amount of organoleptically detectable connective iissie /Table 1/ in ’oin steaks was

I T T J I I  * ° ^ When ES} ?S5 ES‘ “ * E3’ *>» PS, DC} or ES, DC, PS were used alone, with
CA, with CA, with BT, or with both CA and BT. ES, DC, and PS did not decrease connective
Ussue amount in top round steaks /Table 2/, but ES, PS; PS, DC, and ES, DC, PS did/p'< 05/ 
Amount of connective tissue was further decreased /?< .05/ by BT in ES« DC, ES, PS, and

* * * * * *  8teak8* Saven S i £i./1977, 1978/, Smith et H./1979/, Hostetler et al. 
/19i„/ and Seideman ¿t al./1977/ have reported that ES, PS5 DC, or BT decrease 
organoleptically detectable connective tissue in cooked beef.

Tenderness ratings for loin steaks /Table 1/ were improved /?< .05/ when sides were 
given ES, PS; ES, DC, ES, PS; PS, DC, and ES, DC, PS initial treatments, further 
tenderness increases /?< .05/ ware achived with BT of DC sides and with CA and BT of DC,
PS; and ES, PS sides. Tenderness ratings for top round steeks /Table 2/ were improved 
/P <.05/ when sides were given ES.P3; PS, DC; and ES, DC, PS initial treatments; further 
tenderness increases /P< .05/ were'evident for ES; DC; ES, PS; and PS, DC sides.
Loin steaks /Table 1/ from sides given ES; PS; ES, DC, ES, PS; PS, DC; and ES, DC, PS had '
lower /P< .05/ shear force values than steaks from untreated sides; futher shear force 
reduction was achieved /P <.05/ by use of both CA and BT with ES; DC; PS; and ES, PS 
sides. Top round steaks /Table 2/ from ES, PS;PS, DC; and ES, DC, PS sides had lower 
/P <.05/ shear values than steaks from untreated sides; BT further reduced shear force 
for PS, DC sides. Hostetler et al./1975/, Pields et «1./1976/, Smith 4* al./1978/,
Seideman et al./1977/ and Sevell et al./197B/ have reported that ES; PS; DC; CA; and BT 
increase beef tenderness.
Overall palatability ratings for loin steaks /Table 1/ were improved /P<,05/ by use of
PS; ES, DC;ES, Pf; PS, DC; or ES, DC, PS; further increasee /P< .05/ in overall palata­
bility were achieved by CA and BT of DC sides. Top round steaks /Table 2/ were improved 
/?< .05/ in overall palatability by use of PS, DC or ES, DC, PS, further increases /P < .0?/ 
attributable to BT were evident for steaks from ES; DC; and ES, DC sides.
Cooking losses for both Icin and top round steaks /Table 3/ ware decreased /P <.05/ by 

use of CA; BT; or CA, BT; Juioinoee ratings did not change /P< .05/ when cuts were CA 
end/or BT. Cooler aging increased /P< .05/ tenderness and overall palatability and 
decreased /P< .05/ amount of connective tissue and shear force for loin steeks. Blade 
tenieriaation increased /V C  .05/ tenderness and overall palatability and decreesed/P <.05/ 
amount of connective tiseus and shear values for both loin and top round steaks. Per loin 
steaks, tenderness was improved by about 25# by CA, 22* by BT and 66* by CA plus BT 
illustrating the additive effects of CA and BT on beef tendernese.
Purther analyses of all data /not presented in tabular form/ revealed that maximum 

tenderiaation of loin steaks was achieved by use of ES, CA, BT or by use of DC, CA, BT. 
Maximum tenderiaation of top round steaks was achieved by use of ES, PS, DC, BT.
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Table 3. Effects of secondary tenderization treatments on cooking loss, shear force and

Trait
Loin steak6 Top round steake

Untreated Secondary treatment Untreated Secondary treatment 
BTCA BT CA.BT

Cooking loss, Z 24.5® 21.9C 23.8bc 23.6bc 31.2® 28.5b
Flavor rating*1 5.0® 5.0® 5.0® 5.3b 4.4® 4.7b
Juiciness rating 5.1® 5.0® 5.0® 4.8® 4.0* 4.2®
Tenderness rating*1 3.5® 4.6b 4.6b 6.4e 3.6® 4.8b
Connective tissue rating*1 4.6® 5.3b 5.2b 6.6C 4.0® 4.9b
Shear force value, kg 7.0® 5.0b 5.4b 3.0C 5.5® 4.1b
Overall palatabillty rating*1 3.9® 4.5b 4.5b 5.4C 3.6® 4.5b

Means in the same row and for the same kind of steak, bearing a common superscript letter do not 
differ (r>.05).

Means based on 8-point rating scales, 8 - extremely desirable, extremely juicy, extremely tender, 
none and extremely desirable for flavor, Juiciness, tenderness, amount of connective tissue and 
overall palatabillty, respectively.
CA - cooler aging, BT « blade tenderlzatlon.
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Table 1« Effeots of tenderlzation teohniques 

palatabillty traits of loin steaks

steak1
Initial 

treatment 
plus 0Ag

Trait Treatment
Untreated

Loin
--Initial'
treatment
alone

initial 
treatment 
plus BTb

™ I n it ia l
treatment 

plus QA.BTg
Oonneotive

Oonneotlve

Oonneotive

Oonneotlve

Oonneotlve

Oonneotlve

i Oonneotlve 
Tenderness

Tenderness 
Tenderness 

I Tenderness 
Tenderness 
Tenderness 

i Tenderness

tissue 
1 rating
tissuerating
tissue

rating
tissue

rating
tissue

rating
tissuerating
tissue

rating
rating

rating
rating
rating
rating
rating
rating

Shear foroe, 
Shear force, 
Shear foroe, 
Shear force. 
Shear force, 
Shear foroe, 
Shear foroe, 
Palatabillty 
Palatabillty 
Palatabillty 
Palatabillty 
Palatabillty 
Palatabillty 
Palatabillty

kg
kg
kg
kg
kg
kg
kg
rating
rating
rating
rating
rating
raring
rating

ES 4.1a 5.3b0 5.9od 5.8bod 6.7a

DO 4.7a 4.5a 5.1ab 5.6bo 6.2°

PS 4.7a 6.0b 6.5b 6.4b 7.0b

ES, DO 4.4a 6.1b 6.4b 6.5b 6.7b

ES, PS 4.9a 5.8bo 6.6do 6.4bod 6.9d

PS, DO 5.2a 6.1b 6.3b 6.2b 6.4b

ES, DO, PS 4,5a 6.2b 6,4b 6,3b 6,6b
ES 3.1a 4.8b 5.4b 5.3b 6.5b
DO 3.6a 4,0a 4,5ab 5»Ob 6.1°
PS 3.8a 5.6bo 6.3do 5,9bo 7,ld
ES, DO 3,5a 5,7b 5,8b 6.4b 6,6b
ES, PS 3,7a 5.5b0 6,2do 5.8b0 6.9d
PS, DO 4,2a 5»5b 6.1b 6.1b 6.2b
ES, DO, PS 2.9a 5.6b 6.2b 5.9b 6.3b

ES 7.8a 4,6° 3.6bo 4 > 2,3°
DO 7.9a 6,6ab 5,4b 5,Ob 2.9°
PS 6,2a 4.5b 3.8b 3.8b 2.6°
ES, DO 7.0a 4,lb 3,6b 3.0b 2.7b
ES, PS 6,9a 4.1b 3.4bo 3»5bo 2.4°
PS, DO 5,9a 4,3b 4,4b 3.8b 3.5b
ES, DO, PS 7,5a 4.6b 4.2b 3.8b 3,3b
ES 3.7a 4,5ab 4.7a15 5,Ob 5,0b
DO 4,0a 4»3ab 4',5abo 5.0bo 5.3°
PS 4,0a 5,4b 5.4b 5,3b 6,lb
ES, DO 3.9a 5,4b 5,lb 5,5b 5,lb
ES, PS 4.1a 5,4b 5.5b 5,3b 5,5b
PS, DO 4,3a 5.2b 5,2b 5.3b 5.4b
ES, DO, PS 3.4a 5.0b 5.2b 5.5b 5.2b

abodMeans In the same row, and for the same trait, bearing a oommon superscript letter do
e™f=deleotrioa1*stimulation, DO. delayed ohilllng, PS= pelvio suspension

ICS
fMean values based on S-point scales /8=none, extremely tender and extremely desirable 
for oonneotlve tissue, tenderness and palatabillty, respectively| mean values for 
shear foroe are kg required to shear 1.2? om oores

®QA= ooo1er aging, BT s blade tenderlzation.



Table 2* Effects of tenderlzation techniques on palatability 
traits of top round steaks

Trait Trea'

Top round Bteak

tmentcl Untreated Initial
treatment

alone
Initial 
treatment 
plue BT»

Connective tissue rating ES 4,Oa 4.3a 5.2b
Connective tissue rating DC 3,5® 3.9a 5.lb
Connective tissue rating PS 4.4® 4.9° 5.5®
Connective tissue rating ES,DC 4.2a 4.6® 6.1®
Connective tissue rating ES, PS 4.1a 5.0b 5.8°
Connective tissue rating PS, DC 4.1a 5.2b 6.2°
Connective tissue rating ES,DO,PS 4.1a 5.2b 5.6b
Tenderness rating ES, 3.5® 3.7a 5.2b
Tenderness rating DC 3.1a 3.3a 4.8b
Tenderness rating PS 3.8® 4.8ab 5.6b
Tenderness rating ES,DC 3.9a 4.0a 4.8®
Tenderness rating ES, PS 3.7a 4.7b 5.5°
Tenderness rating PS, DC 3.6® 4.9b 6.0°
Tenderness rating ES,DC,PS 3.4a 5.0b 5.6b
Shear force, kg ES 5.6a 4.7a 4.0®
Shear force, kg DC 5.6a 5.3® 4.6®
Shear force, kg PS 5.3a 4.7ab 3.5b
Shear force, kg ES, DC 5.1a 5.2® 4.3®
Shear force, kg ES, PS 5.4a 4.2b 3.3b
Shear force, kg PS, DC 4.9a 4.2b 3.2°
Shear force, kg ES,DC,PS 6.9a 4.5b 3.7b
Palatability rating ES 3.6® 3.7® 4.7b
Palatability rating DC 3.2a 3.4® 4.4b
Palatability rating PS 3.5® 4.2® 4.6®
Palatability rating ES,DC 4.0a 3.8a 4.5b
Palatability rating ES, PS 3.7a 4.2®b 4.7b
Palatability rating PS, DC 3.7a 4.5b 5.0b
Palatability rating ES,DC,PS 3.5a 4.5b 4.9b

abc
Means in the same row, and for the same trait, bearing a common super­
script letter do not differ /P<.05/.

^ ES ■ electrical stimulation, DC a delayed chilling, PS = pelvic suspension.

e Mean values based on 8-point scales /8= none, extremely tender and extremely 
desirable for connective tissue, tenderness and palatability, respectively/; 
mean values for shear force are kg required to shear 1.27 cm cores.

p BT n blade tenderization.




