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Zartheit st eine unerl§ssliche Fleischeigenschaft, wenn es auf vielen Mirkten akzeptiert werden soll. Dies
ONnte zy einem ernsthafteren Problem werden, wenn man, infolge von weltweitem Getreidemangel aufhoren wiirde,
€sonders Rindvieh mit Futter mit hohem Energiegehalt zu futtern.

£ st gezeigt worden (Farland, 1973), dass das Unter-Druck-Setzen kleiner Proben von Schaf- und Ochsenmgske1n
vor tarreeintritt eine deutliche Erhidhung der Zartheit der gekochten Muskeln Eew1rkte. Nas hier besghr1ebene
*periment yurde durchgefiihrt um festzustellen, ob das gleiche Resultat mit grosseren Huskelproben, bis zu

2 kg, erzielt werden kdnnte.

g!eiCh nach dem Aufbereiten und Reinigen wurden die Muskeln vom Rumpf entfernt, von a]]en_ﬁusseren fettj und
v egeweben befreit und in Plastikbeutel getan. Alle Luft wurde herausgesaugt, woragf die Proben in eine
Orgeheizte (35C) Kammer geleqt und 2 Minuten lang einem Druck von 103,5 Meganewton/M® ausgesetzt wurden.

iECh Entfernung von der Kammer fithlten sich die Proben fest an und waren aufhnur 48% ihrer ursprunglichen

dnge anm Rumpf zusammengeschrumpft. !Muskelldngenmessungen zeigten ein 9,38%iges Sghrumpfen und ausgedehnte
Aserrisse, per pH-Wert unmittelbar nach der Behandlung war 5,81, bedeutend niedriger als Kontrollwerte. Nach
W Stunden war jedoch kein Unterschied mehr festzustellen. Die Nasserb1ndef§h1gke1t der behandelten Proben
'ar bedeutend niedriger und der Feuchtigkeitsverlust hedeutend héher als bei Kontrollproben. Kochverluste der

§23"$E1ten Proben waren jedoch geringer, so dass der Totalverlust bei Kontrollproben und behandelten Proben
9leiche war.

2'8' Shearpriifungen sowie Geschmacksausschussheurteilungen wiesen auf bedeutende Erhdhung der Zartheit hin.
M:Stefelektronenmikrographen zeigen weitgehendes Zerreissen der sarcolemma, End grosse Mengen globularen
ter1a15, unter Phasenkontrast gesehen, zeigen ausgedehntes Zerreissen der !uskelfasern.
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Te“der i i if it i d in many markets. This could become a
ness is an indispensable quality in meat if it is to be accepted 1n y mark .
rzge Critical problem ?f the practice of feeding high energy feed, especially to cattle, were to cease as a
Ut of world wide grain shortages.
It ha ; izati £ small samples of sheep and ox
S been der ted (MacFarland, 1973) that pre-rigor pressurization of Sm 1 and
Egsc]es Causadmgnggiied tégderizinq of the cooked muscles. This experiment was conducted to determine if the
& results would be obtained on larger muscle samples, up to 1.5 kg.
Musey ; i hi trimmed of all external fat and
€S wWere ren from the carcass immediately after dressing and washing, : e
Eennective tisszgtegut in plastic bags, all air was evacugted following which the samples were put into a pre-
Ated (35C) chamber and subjected to 103.5 meganewtons/M of pressure for two minutes.

ggetsamp]ES were very firm to the touch when removed from the ghambgr agd3g;d gg::giiggg ;gdazhlittlgrgshgg%
®ir on carcass length. Sarcomere length measurements indicated a 9.35% €O

Egen extensive fiber digruption. Immediate post-treatment pH was 5.81, s1qn1f1cant1y lower t:ag contqgls&as

siweYer' there was no significant difference at 24 hours. Yater binding capacity of the_tre$ e sa$p e

gn1fica“t1y less and purge loss significantly higher than the controls. However, cooking losses for the

E:eat&d samples were less, resulting in an over all loss which was not different between the controls and
eﬂted Samp] es. 3

W, L = . : : 3
Sca' §hear tests and taste panel evaluations both indicated a highly significant improvement 1gfte?g§:?§is
mat“n!ng electron micrographs show an extensive disruption of the sarcolemma and large ma25$a gc]e \
®rial seen under phase contrast indicate an extensive disruption of fibular material of the mu -




tendreté et d'autres caractéristiques ayant une importance &conomigue
W.H, KENNICK, EIGASIM AITI EIGASIM, Z.A. HCIMES et E.F. BARRETT
Oregon State University, Corvallis, Oregon 97331, U.S.A.

Ia tendreté est une qualité indispensable & l'acceptation de la viande sur bien des mar-
chés. Ce probl2me deviendrait plus critique si 1l'alimentation en nourriture 3 haute va-
leur énergétique venait & cesser en raison de crises mondiales des cérales, particulis-
rement pour le cheptel.

Il a &té &tabli (MacFarland, 1973) que la pression avant la rigidité cadavérique de pe-
tits &chantillons de muscle de boeuf et de mouton avait pour rgsultat une nette amélio-
ration de la tendreté des muscles apr@s cuisson. Le but de notre expérience fut de dé-
terminer si les mémes résultats pouvaiet &tre obtenus pour de plus grand &chantillons

de muscle, jusqu'a 1,5 kg.

Les muscles furent détachés de la carcasse immédiatement apr®s l'abattage et le lavage,
débarassés de toute graisse externe et tissu conjonctif, mis dans des sacs en plastique
doat 1'air fut chasgé, 3 la suite de quoi les &chantillons furent plac&s,dans une cham-
bre préchaufffe (35° C), et soumis & une pression de 103, 5 méganewtons/m“ pour une du-
rée de deux minutes.

Au sortir de la chambre, les &chantillons &taient tr2s fermes au toucher, et contractés
jusqu'd 48% de leur longueur sur carcasse. Nos mesures de la longueur des segments de
fibrille musculaire entre deux cloisonnemen® indiqudrent une contraction de 9,38% et une
dislocation considérable des fibres. Immédiatement apr®s le traitement, le pH &tait de
5,81, sensiblement en-dessous de celui des &chantillons de contr8le; toutefois, aucune
différence sensible ne fut enregistrée apr2®s 24 heures. Ia capacité de r&tention d'eau
des &chantillons traités était sensiblement moindre que celle des &chantillons de con-
trdle, et leur perte en eau sensiblement plus &levée. Toutefois, la r8duction 3 la cuis-
son des &chantillons traités fut moindre, d'ol} une perte globale identique pour les &chan-
tillons de contrdle et les &chantillons traités.

Et les tests de tranchage W.B. et les &valuations d'un groupe de gofiteurs indiqu@rent une
trd3s nette amélioration de la tendreté. Les microphotographies &lectroniques révdlent
une dislocation consid8rable du sarcolemme, et les grandes masses globuleuses qui appa-
raissent par 1l'effet du déphasage indiquent une dislocation consid@rable de la matiZre
fibreuse du muscle.

BausHue yIbTPATUAPOCTATUUYECKOTO NPUTOTOBJIECHMA NPEIPUTOPHOTO MYCKYyJla B repMeTu4ec Ko
KacTpwjle Ha8 MATKOCTE ¥ INPYyrue acnekKTh 3KOHOMMUECKOTO 3HaUeHUdA

B.I'.KEHH/K, E.A.EJIbI'ACUM,3.4.TOJIEMEC,E.®.5EAPPET
OperoHckuit mraTHH# yHuBepcurer, Kopmannuc, Operoxn 97331

MATKOCTE HEOOXOAMMOE KauecTBO MACa, UYTOOH OHTE MNDUHATHM H8 MHOTUX DHHKaX. JTO
MOXeT CTaTh Jaxe Golee CephEaHON Mpobnemoii, eciu OH CTAJIO HEBO3MXHHM MNPONONXATH
KODMJIEHME CKOT& KODMOM BHCOKOM 3HepruM B pe3yNAbTaTe HEXBATKU 3€DHA B MUDOBOM
macmrabe,

JoxasaHO, YTO NPUTOTOBJIIEHME MYCKYJOB OBEll ¥ DOTATOrO CKOTa& B repMeTuuecKoi
KacTpijie BH3HBAET 3HAYUTENBHYW MATKOCTH BapPEHHX Mycxynonv( Max®apnaun, I973 ).
3TOT ONHT OHN MpOBeNEH, YTOOH OMpENEeNUTh, MOXHO JIX NOCTHYE TEeX Xe De3yALTATOB
¢ OoJiee KPYNHHMM oOpasuamum MyckKyna, mo L,5 Kr.

Myckynu OHIM yOajleHH C TYmM cpasy Mmocjie Da3NeNHBAHMA U MHThA. Bech BHemHuil Xup
M COERMHMTEJNbHAA TKaHb TOXe OWIM yHNajleHH ¥ MOJNOXEeHH B IJIACTUUECKMHA MemOK., Bech
BO3BAYX BHCOcCaljicsi, Torna ob6pasus OHIM MONOXEHH B NMDPERXBADUTENBLHO Harperyw ( 35 I )
KaMepy ¥ NOoLBepPrHyTH nasneHuiw I03,5 MEraHbOTOHOE B TEUEHNE NBYX MUHYT.

O6pasun GHAM OUEHh TBEDPOHMM NMOCJe YAAJIEHHMA C KaMePH. OHM coxpaTmauck Ha 48 %
INMHH Tymn. BMepeHMs IJIMHH MyCKy/la NOKA3&JNM COKpameHue Ha 9,38 % u z3HauMTENbHOE
paspymeHue (ubp. HemocpenCTBEeHHO moclie 00padoTK¥  pH, 5,81, OHna 3HAUNTENBHO
HUXE KOHTDOJBHNX ONHTOB, HO Uepe3 CYTKM He ON.O BHAUNTEJNL HOK PasHMUH, CNOCOTHOCTH
o0padoTaHHHX O0pPa3lU0B CBA3NBATE BOLY onna SHAUMTEJIPHO MeHblleé M NOTepHA BIAXHOCTH
3HAUMTENBHO BHEE KOHTPONBHHX ONNTOB. [fOTepM 3a CNET BADEHMH OWIM IHEMUTENBHO MEHbNe
B clyuae 00paGoTaHHHX O0Da3l0B, He GHJIO PA3HMUN B ofmey MOTepe MeXLy KOHTDONBHHMM
¥ O0paGOoTaHHHMM OOpa3LaMU.

B.5. ONHTH ¥ OLEHKa BKyCa YKaaalu Ha 3HauuTeNbHOe yIyulleHue MATKOCTH., Paanara-
OIUEe 3JJIeKTPOHHHE MMUKpPOrpadH NMOKA3HBAWT 3IHAUNTENBHOE HapymeHUe CapKONeMMH, bonbmue
MAacCCH NapOBMOHOTO MaTepuasna, DACCMOTPEHHHE NOL KOHTpacToM (PasH, MOKA3HBAKWT 3HAUU-
TeJlbHOe HapymeHue (PuMOPO3IHOTO MaTepuayla MyCKyna.
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The effect of ultrahydrostatic pressurization of pre-rigor muscle on tenderness and other characteristics of

Economic importance

W, H, KENNICK, ELGASIM ALI ELGASIM, Z. A. HOLMES and E. F. BARRETT
Oregon State University, Corvallis, Oregon 97331, U.S.A.

Introduction

TEEEEFEEEE‘TS an indispensable quality in meat if it is to be accepted in many markets. This could become a
More critical problem gf the practice of feeding high energy feeds, especially to cattle, were to cease as a
esult of world-wide grain shortages.

Three re d Hagyard, 1963) concerning the influence of
markable papers (Locker, 1959, Locker, 1960 and Locker and Hagyard,

degree of muscle Ehgrtengng on meat tenderness and the influence of cold temperature on muscle shortening
Openeq up a new area of meat science and muscle biology research.

It 45 gener day that the degree of muscle contraction at the time it goes into rigor has a ma-
Jor affect 3;1¥h3°§§ﬁ§23n§§saﬁf cooked meag from both lamb and beef. Marsh and Leet (1966) demonstrated that
ere are three critical areas in degree of shortening: shortening up to about 20% caused 11tt1e'or no tough-
5"1"9; additional shortening from 20% to 40% caused a severalfold increase in toughness; shortening beyond
0% resulted in a rapid increase in tenderness until at 60% shortened it returned to approximately the same
Nderness as unshortened meat. Marsh (1977) has stated that, "With further shortening, major internal rup-
1ur1"9 of the structures takes place because some of the sarcomeres supercontract (ocgasional]y by 80% of in-
tial length), this produces complete fractures in nearby areas. The rupturing certainly causes very appreci-
ble tenderizing, but is of only academic interest for a number of reasons: it can only be produced in small
Mples capable of very rapid cooling, it causes massive drip loss, and the end product is so distorted as to
€ entirely inacceptable to the consumer.”
Nume”OUS me muscle shortening have been investigated with varying degrees of success but
ohly MacFar%gggs(?;7g;e;§2tizgorted a serious a%tempt to take advantage of the tenderizing effect of super-
Contraction, Previous workers (Johnson et al 1954; Brown 1957; Johnson and Eyring 1970) had reported that
Ydrostatic pressure influenced the deveTopment of tension in muscles, jncreasing or decreasing tension de-
Pending upon the temperature at which the muscle was pressurized. MacFarlane (1973) reported the effects of
Varioyg hydrostatic pressures at different temperatures on small (the sample size was not given but the

argest y i r and 23.76 cm long) samples of sheep and ox muscles. His work in-
Cated tﬁ:ieerZESrgzso;'?g3c$oi?331;:S§ﬁewtons/m2 (MNm'é) gt 30 to 35°C resulted in shortening greater than
chi1y shortening and that the cooked muscles were more tender than normally handled controls and very much
¢°Pe tender than corresponding muscles from the same carcasses which were chill shortened. The only exception
®Ported was the semitendinosus muscle from sheep. A very rapid drop in pH was also reported, indicating that
OSt-morten glycolysis had been greatly accelerated by pressurization.
The Cur s and to determine if the same results could be obtain-
?d on gﬁgzrsﬁﬂgi1zaiaﬁg?igtgﬁﬁgetﬁaﬁgﬂfz537;?eﬁ§dr§§§l§d that super contraction as a result of cold shorten-
"9 could be obtained only with very small samples.
Ma

terials 3
EEEETE_EEEE?%Eﬂgggggﬁﬁs experiment were obtained from sheep and cattle slaughtered at the Oregon State Univer-
mety Meat Science Laboratory using normal commercial procedures. Muscles to be subjected to pre:su;e tge?t-
wan were excised immediately after carcass wash (<35 min.), vacuum sealed in Cryo-o-vac bags and p :ce ; na
A1}er bath at 30 to 35°C. A1l pressure treatments were completed in less than one hour pait exs;ngu aat gnif
se treatment samples were removed from one half of the carcass with the matching musclesd ;om zgehot er ta1
]trving as controls. Control samples were removed after the control side had been chille 0;0 & our: ad1 +
eten ITeatment consisted of placing the vacuum packed muscle in 3 pre-heated (35°C) chamber (10.16 cm in diam-
& and 30,48 em long) filled with water and applying 103.5 MNm of pressure for two minutes.
23 "as measured immediately after pressure treatment and at 1,2,4,6 and 24 hours post mortem using a probe-
Pe combined electrode.
i;gss ShOr‘ten'lng of the semitendinosus muscle was measured by placing two marker strings, 20 cm. apart,
Ough the muscle prior to its removal from the carcass.
sa”COmere le Approximately 5 gm. samples of
n d samples were measured three days post mortem. App y 5
E#ZC]E were m3ﬁ2:d°$122°§°tﬁife aﬁd blended in 40 ml. of 0.25 M physiological sucrosi so]ut1g:a:2 ;12:;122 £
equ?gggdat slow speed, Measurements were taken immediately after blending using a phase con p

with a filarmicrometer (500 X magnification).
Purge

0,
loss was determined by wef kaged les after seven days of storage at 141 °C, removing the
ghing the packaged sample S
izﬂp €S, blotting them of eicess moisture and weighing. A1l packing material for each sample was air dried

was Weighed and the difference between the sum of the latter two weights and the weight of the packaged sample
considered purge loss.

Sheap forces were taken seven days post mortem, Samples were removed from the cooler, trimmed to approximately
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equal weight, placed in plastic cooking bags and cooked in a water bath at 80+1°C for 40 min. to an internal
temperature of 7041°C. After the samples had cooled to approximately 45°C, rectangular pieces 1.25 X .8 cm
running parallel to the fibers were removed and sheared in a Warner-Bratzler shear. Samples cooked as for
shear test and by pan broiling were evaluated for tenderness by taste panels.

Water holding capacity was determined by a modified Grau and Hamm (1953) procedure. Apgroximately 3 g of led
tissue was placed on filter paper, covered by acetate film and subjected to 351.5 Kg/cm* of pressure for four
minutes in a Carver laboratory press. Immediately after removal from the press the moisture and meat areas
were traced on the acetate paper for later measurement by planimeter.

Scanning electron micrographs (400X) were prepared for control and pressure treated samples.

Data were analyzed by analysis of variance with significance of differences between treatments tested by F
test.

Results and Discussion

The pH changes in L.D. and S.M. in sheep and S.T. muscles in beef followed a very similar pattern to that re-
ported by MacFarlane (1973). The one hour pH of treated muscles was 5.80 to 5.82 while the controls were
6.48 to 6.63. This difference gradually narrowed as the pH of the control muscles decreased much more rapidl)
than the pressure treated samples until at 24 hr post mortem there was no significant difference between the
pH of control and treated muscles. The one hour pll of treated samples indicates that glycolysis was almost
complete in the treated samples at the end of pressure treatment.

Upon removal from the pressure chamber muscle samples were very firm to the touch and it was obvious that the)
had contracted substantially. The semitendinosus muscle has the most linear orientation of muscle fibers to
muscle length of all those treated and was therefore used to determine the gross contraction from on carcass
length to post treatment length. This contraction varied from 50 to 52% of the on carcass length. Sarcomere
length measurements indicated a highly significant (P«.01) 9.38% difference in sarcomere Tength between the
controls and treated samples which does not approach the level of gross muscle contraction. Observations un-
der the phase contrast microscope revealed large quantities of globular material which would agree with the
findings of Marsh et al (1974) who reported massive disruption of myofibrillar material under extreme cold
shortening and MacFarTane's (1973) suggestion that an F-G transformation accounted for the tenderizing effect
from pressure induced shortening. Under these circumstances it is quite 1ikely that the myofibrillar fractio®
which were measured for sarcomere length in the treated samples were those which had not contracted suffi-
ciently to cause disruption. It should be pointed out that we do not know what the degree of contraction was
while the muscle was under pressure. Marsh (1977) in discussing super cold shortened meat stated, "The end
product is so distorted as to be entirely inacceptable to the consumer." We did not find this to be the case
with the muscle we treated. However, distortion could be a problem with large multi-muscled commercial cuts-

Table 1. EFFECT OF PRESSURE ON W-B SHEAR FORCE The percentage of purge loss was significantly higher
VALUES OF TWO MUSCLES FROM SHEEP AND (P<.05) for the treated samples (5.34) than for the con-
FOUR MUSCLES FROM CATTLE. trols (3.80). The water binding capacity, as measured
by the filter paper press method was lower (P<.05) for
Treat- Shear force all treated muscle samples (35.38) of beef and sheep
Muscle _ment  values Kgcm'2 NaES than for the controls (40.16). However, cooking losses
(Sheep) s were less so that the percentage of the initial excised
Longissimus dorsi C 5.748 0.68 samples represented by the cooked meat did not differ
p 1.852 0.54 significantly between controls and treated samples.
Semimembranosus c 6.26b 0.89 As shown in table 1 pressure treatment had a highly sig-
2 2.30° 0.49 nificant (P<.01) tenderizing affect on sheep (L.D. and
S.M.) and cattle (L.D., S.T., S.S. and S.M.) muscles.
(Cattle) Taste panels were not used as extensively in this study
Longissimus dorsi € 8.39¢ 0.37 as was the shear test. In tests of two beef muscles
P 2.9aC 0,27 (S.T. and S.S.) tenderness ratings were improved from a
rating of slightly tender to very tender.
Semitendinosus c 6.174 0.25
P a_51d 0.15 The results reported in this paper agree very closely
with those reported by MacFarlane (1973).
Supraspinatus c 7125 0.69
P 4.35% 0.53
Sternomandibularis  C 14,97] 0.64
P 5.80 0.89
C = control
P = pressure treated
S.E. = standard error
a,b,c,d,e,f Values bearing the same superscript

are significantly different (P<.01).
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Figure 1. Scanning electron micrographs of treated A. (103.5 MNm~2) and control supraspinatus muscle (400X).

Ear]y attempts (Marsh and Carse 1974) to explain the length-tenderness relationship based only on myqf1br1]1ar

Contractile state may now be in doubt (Rove, 1974) and Danfield and Rhodes (1976) have suggested an inter-

gCt1°n between contractile filaments and connective tissue. If a muscle fiber contracts beyond the ability

th the changing angle (Bendall, 1973) of the inextensible collagen fiber of the endomysium to compensate for
€ increased diameter of the muscle fiber, some physical breakdown of the collagen fibers seems inevitable.

Eig“'e 1 presents electron micrographs of pressure treated (A) and control (B) samples of S.S. muscle (L.D.

f?d S.T. showed similar results). A close inspection of figure 1A reveals that the sarcolemma of some muscle
ibers i extensively and regularly convoluted, suggesting that there is an inte(act1on_between the contractile
d1 aments and the connective tissue. Other fibers are extensively frayed and this fraying was even more evi-
eNt in other samples. It appears from this evidence that contraction caused by pressure treatment reduces the
Connective tissue or “background” toughness.

Summa

MUEETgi we from the carcass immediately after dressing and washing, trimmed of all external fat and
conneCtiveriigiﬁztegut 12 §1§st1c bags, all air aas evacuased following which the samples were put into a pre-
Sated (35°C) chamber and subjected to 103.5 meganewtons/M of pressure for two minutes.

The samples wer ry firm to the touch when removed from the chamber and had contracted to as little as 48%
gf theia own 2a$c§§sy1ength. Sarcomere length measurements indicated a 9.38% gontraction and that there had
®8n extensive fiber disruption. Immediate post-treatment pH was 5.81, s1gn1f1cant1y lower than controls,
OWever, there was no significant difference at 24 hours. Water binding capacity of the treated samples was
§19n1f1cant1y less and purge loss significantly higher than the controls. However, cooking losses {or tge
eated samples were less, resulting in an over all loss which was not different between the controls an

eated samples.

W.p indi i ianificant improvement in tenderness.
- Shear tests and taste panel evaluations both indicated a highly signific p
ScannTng electron micrograpﬁs show an extensive disruption of the sarcolemma and large masses of‘globular
mzze;‘a] seen under phase contrast microscope indicate an extensive disruption of fibrilar material of the
Cle,
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