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18 two-tooth Hereford heifers, (av. carcass weight 203 kg) were 
assigned at random to three chilling rates, with six animals to each rate.
The sides of each carcass were assigned at random to nomal suspension and 
'tenderstretch' suspension, i.e. by the aitch bone. 48 h post mortem six
major meat muscles, LD, PS, BP, ST, SM, and GM were dissected out and divided 
into three parts which were assigned at random to aging periods of 2, 7 
and 14 days post mortem. Aging was in vacuo at 2®C. After aging,the meat 
was tested for tenderness by a taste panel and shear meter. Carcass weight 
loss and bacteriological status were also measured. Sarcomere length was 
measured in the six muscles.

Rapid chilling induced increased toughness in LD. This was reduced 
by tender stretching and aging. PS was slightly toughened by tenderstretch
ing, not affected by chilling and slightly tenderised by aging. SM was 
tenderised by aging and by tenderstretching, but not by slower chilling.
GM was slightly tenderised by tenderstretching and aging while BF and ST 
were not affected by any treatment.

Carcass weight losses were greatest in the medium and slow chilling 
groups. Sarcomere lengths were all significantly increased by tenderstretch
ing except in PS where they were significantly decreased. Chilling rate 
did not affect sarcomere lengths significantly.

The connection between sarcomere length changes and toughness changes 
is marked in LD, PS, SM, and Oi but not in BP or ST. Rapid chilling was 
not found to produce significant sarcomere shortening but was associated 
with toughening in LD.

Tenderstretching, slower chilling and aging can be used singly or in 
combination by the more intensively managed sections of the beef industry 
to enhance the tenderness of their product.
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18 genisses Hereford a deux dents (poids moyen de la carcasse: 203 
ete soumises au hasard a trois vitesse de refroidissement, a raison 
animaux pour chaque vitesse. Les demi-gros de chacune des carcasses ° . e 
soumis, au hasard, a une suspension normale et a une suspension en e 
d'attendrisment', c'est a aire par culotte. 48 h post mortem, six nwsc ^  
majeur de la viande, LD,FS,BF,Sr,SM,et GM ont ete dissectes et divis®s^ tion 
trois sections qui ont ete soumises, au hasard, a des périodes de matn" 
de 2,7,et 14 jours post-mortem. La maturation a eu lieu in vacuo a 2 
Apres maturation, la viande a ete soumise a des tests de tendrete Par 
jury charge du goût et par un appareil mesureur. Les pertes de poid8  ̂ etfr
carcasse et le statut microbiologique ont ete egalement mesures, 
du sarcomere a ete mesure dans les sim muscles.

Le-ci »Le refroidissement rapide provoque a augmente la dureté dans LD. Cell®* 
ete réduite par l'etirage d'attendrissement et la maturation. PS a ete - le 
legerement durci par l'etirage d'attendrissement, n'a pas ete 
refroidissement et a ete legerement attendri par la maturation. SM a ie 
attendri par la maturation et l'etirage d'attendrissement, mais pas ! 
refroidissement plus lent. GM a ete legerement attendri par l'etirage  ̂
ndrissement et la maturation, tandis que BF et ST n'ont ete affectes P 
aucun traitement.

Les pertes de poids de la carcasse ont ete plus grandes dans les group 
moyen et lent refroidissement. Les longueurs du sarcomere ont tout ete

J*

ment augmentées par l'etirage d 'attendris ement excepte dans FS ou elle5

its

ete notablement:diminuées. La viteese de refroidissement n'a pas afie°te 
façon notable les longueurs du sarcomeres.

, -genic®Le rapport entre les changements de logueur du sarcomere et les chans 
de durete est marque dans LD,PS,SM, et GM, mais pas dans BF ou ST. * notâ  
refroidissement rapide ne s'est pas avéré produire un racourcissement 
du sarcomere mais il a ete associe a un durcissement dans LD.

L'etirage d'attendrissement, le refroidissement plus lent et la roatur® 
peuvent être utilises séparément ou de façon combinée par les secteur* 
l'industrie bovine plus intensifs pour accroitre la tendrete de leur
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18 zwei-Zahn Hereford Färsen', (durchschnittliches Kadaver Gewicht 203 kg) 
wurden aufs Geradewohl zu drei Ktthlungswerten bestimmt, mit sechs Tieren 
für jeden Wert. Die Seiten jeden Kadavers wurden blindlings ausgewählt 
für normale Aufhängung und Weichausdebnung Aufhängung, d.h. am Becken- 
gttrtel. 48 h. nach dem Tod sechs Hauptfleischmuskeln, LD, PS, BF, ST, SM 
und GM wurden herausseziert und in drei Teile geteilt, welche aufs Gerade
wohl drei Ablagerungszeiten von 2, 7 und 14 Tagen nach dem Tode unter
worfen wurden. Ablagerung war in vacuo bei 2°C. Das Fleisch wurde nach 
Ablagerung von einem Geschmackskollegium und Schnitter auf Zartheit 
geprüft. Kadavergewicbtsverlust und bakteriologischer Zustand wurden eben
falls gemessen. Beckengürtellange wurde in den sechs Muskeln gemessen.
Schnelle Kühlung verursachte erhöhte Zähigkeit in LD. Dies wurde durch 
Weichausdebnung und Ablagerung reduziert. PS wurde leicht zäher durch 
Weichausdehnung, nicht berührt von Kühlung und geringfügig weicher 
durch Ablagerung. SM wurde weicher gemacht durch Ablagerung und Weich
ausdehnung, aber nicht durch langsamere Kühlung. GM wurde kaum weicher 
durch Weichausdebnung und Ablagerung, während BF und ST von keiner 
Behandlung berührt wurden.
Kadavergewichtsverluste waren am grössten in den mittleren und langsameren 
Kühlungsgruppen. BeckengttrteHangen waren alle bedeutend erhöht durch 
Weichausdehnung, ausser in PS, wo sie bedeutend abnabmen. Kühlungsver- 
hältnis hatte auf Beckengürtellange keinen bedeutenden Einfluss.
Die Verbindung zwischen Beckengttrtellange-Veränderungen und Zähigkeits
veränderungen ist beträchtlich in LD, PS, SM und GM, aber nicht in BF 
oder ST. Schnelle Kühlung erwirkte keine bedeutsame Beckengttrtellänge- 
verkflrzung, wurde aber mit der Zähigkeit in LD in Verbindung gebracht. 
Weichausdebnung, langsamere Kühlung und Ablagerung kann einzeln gebraucht 
oder kombiniert werden mit den mehr intensiv geführten Abteilungen der 
Rindfleisch-Industrie, um die Zartheit ihrer Produkte zu erhöhen.

3frI-BKTj CKOPCCTO SAaOPJCTBAKCT. nO£EES3reAH3H H COLPiiBAjjiiS 
HA KAMECTBO üinCA KPynHOrO PCrATOrO CKOTA

P. J¡. HOCE®
CeJIbCK0X03HHCTBeHHWM MHCTHTyT MpJiaHflHH, JlyHCHHeíí, .HytfJlMH*

18 M ByxsyÓ H bix TeneK  noponw XepetJopji, cpeaHHM becou  
b 203  k t , pacnpenejiM/iHCb no mecTH Hao(5yM TpeM CKopocTflM 
3 auopa>cnBaHMH. riojioBWHM Tyui nouBeprnHCb HopMajibHOMy nofl" 
BeiliMBaHM» H T .H . wT3HflepCTp3qHHr", T .e .  nOflBeMMBaHMK) C 
KpecTUOBOÍí kocth. CnycTH 48 qacoB noojie ytfon, niecTb 
ubiweu &D,PS,BF,ST,SM, n GMBupeaanwcb m aem um cb  b TpM ^
qacTK, KOTopwe pacnpeaejiHJiHCb Haotfyu pasHbiM cpoKaM co3pe 
b  2 ,  7 t n 14 HHeví noene y(5o«. Co3peBaHne npoBOjiHJiocb B 
Banyywe npn 2°C. noene co3peBaHnn mhco McnwTanocb 
uhikocth c noMombio BKymaioiuei¡í rpynnsi h M3MepMTejm cnanra» 
OnpeneJiHJincb Tanxe noTepn Beca Tymn h 6aKTepHOJiorHqecK°eepH» 
cocTOHHwe. Bo Bcex mecTH uuuiuax M3Mepnnacb juiHHa c ap K°**

*
ycKopeHuoe 3aMopaxMEaHMe BN3Ba.no yBennqeHHyio x e c T K oc 

LD , a  3to yi«eHbumjiocb nyTeni T3HflepcTp3qHnr h c o 3peBaHM*' c fJ>» 
Mto KacaeTca PS TSHnepcTpsqHHr neMHoro ysennunnacb  *ecT?,¡Hof<> 
aaiiopaxuBaHMe HHKaKoro 3$(J>eKTa He HMeno, a C03peBaHne He j, 
yjiyumn.no MnrKOCTb. MarnocTb S^yjiymiiMJiacb co co3peBaHtfe** 
T3HjicpcTp3u h h t, ho He 3a cqeT 3aMenneHHoro 3aMopaacnBaHMB* x 
MarROCTb GM Hemioro yjiyqniHJiacb nyTeM T3HjxepcTp3UMHr h c° v 
BaHHH, ho Ha “  n ST HHKaKoro 3$4)eKTa He npoH3Bejiocb»

IloTepH Beca Tyrnn OKa3aJincb HaMGojAaniMMH b rpynnax  CP® b 
h 3aMemieHHoro 3 aMopaxtMBaHiiH. Bo Bcex cjiyuaex y B e n v i ^ ^  
AJiHHbi capnoMepu 3 a  cueT TOHjiepcTpsu m h t , c HCKJiioqeHMeMFSt ^ 
npow3owjio 3HauHTejibHoe yneHbnieHHe. CKopoc.Tb 3 aMopa*MBflt 
He 0Ka3ajia 3HauHTejibHoro bj ih hhh h  Ha ujimhu capnoM epu.

CBH3 b uejffny W3MeHeHHHMH AJ1MHU CapKOMepM H XeCTKOCTh10 
(Sojiee aaMeTHa b LD PS SM h a i no cpaBHeHH» c  BF bjihST* #.-
ycKopeHHoe 3aMopaxHBaHHe He BN3Bajío 3HauMTejibHoro ynop® 
BaHHH fljiHHH capKOuepu, ho H u e n o OTHouieHHe k yB envm eH H O** 
*eCTKOCTH B LQ.

r f
Bojiee nporpeccHBHHe OTpacjiM mhch oh  npoMwnuieHHOCTH M gt/ 

BOCnOJIb30BaTbCH T3HflepCTp3UHH r , 3aMejDieHHHM aaUOpaXHBSH^ 
h c o 3 p e B a H n e u ,  B c e  Bw ecT e  hjih OT uej ibHO, ana T o r o ,  u t o ^ 61 
yj iyqmHTb u a r n o c T b  r o T O B o r o  n p o a y K T a .
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INTRODUCTION

°n q ^ ^ r n t  ° o - a  b e6 f c a rc a s s  a f t e r  s la u g h te r  has an im p o rtan t 
V iJ ta€eous tn  ? ’ S??c? a  c o n tr a c te d  o u s c le  g iv e s  toughened m eat, i t  i s
5W \ r i «or or.,o+SUr8ot h a t  m uscles do n o t c o n tr a c t  t o  an e x c e ss iv e  degree 
•«1 ! ? " )  s t r S  ’ S'“ '!en' io n  ° f  th e  c a rc a s s  by  the  a i tc h -b o n e  ( ”t « d e r -  

Pass t o * *  baCk an4 4he ° u t a i d ‘> of th e  h i P J o in t
*ff6n, 8 0n normal t  r i g o r  w ith  lo n g e r  sa rcom eres th an  in  c o rre sp o n d in g  
Ih ?  on t h e ^ ! 1»7 ?,Uaper' de?  c a rc a s s e s .  T h is  s t r e tc h in g  has a  te n d e r is in g  

the Q n a e t le  '  " C o n d itio n in g "  in v o lv e s  h o ld in g  c a rc a s s e s
«d f 8 to  bel O» a t  te m p e ra tu re s  h ig h  enough t o  p re v e n t  th e  meat
V o w i n g  l 1,;? b e fo re  r i g o r ,  and by t h i s  means s to p s  c o ld  s h o r te n in g  
,C i !lr c o n trL - ti  '6 L *  P o s t - r ig o r  ag ing  in  th e  c h i l l  canno t a f f e c t

tUPe to  o eo i ■iUt 14 a l l 0 " s o a tu r a l  a u to l y t ic  breakdown o f  sarcom ere 
cc u r  w ith  a  consequen t t e n d e r is in g  o f  th e  m eat. ( 7 ,8 ,9 ) .

T T h  * '* * 93

h!np5tret*j?* "ethods of tenderising have certain disadvantages.
¡h.,J to t h e ^  ,pr°duce3 “ * odd-shaped hindquarter with the limb at right 
l"U i  on the h0"6' poo^itioning increases the risk of bacterial 

e*aporation°effi\ *4 bo"e>,(10)- as well as increasing weight
W  and Poi!-!? ’ hi). Aging (12) allows psychrophillie bacterial 

H, ible spoilage, and further weight loss; it also ties up

The
®*ative effectiveness of the three methods, which may differp ■‘JOPopi cO Blisnl a w.-i'll J —4.___l 11 . _ J 1 C1Ik  '*ie tn v . -----  —  i w v h u u o , wiu.cn may oilier

¡fS^tmt als^fl8i :l U  determine their commercial acceptability.
\  f; or e J f 0 to determine whether the methods are additive in their 
S^nHar i a i n g 7"8^ 4!410-. 41,6 apartment reported here we combined
W  1 Sareof “ot*lois and subsequently examined meat quality in 6 major 
S c r a t c h i n g  !! haTe been Bl!a3ured to determine the effectof
t*6) ‘®asured~'S and ohilling rate on the degree of contrac' '

"ay aff aottrial growth and carcass weight loss sine 
act the commercial usefulness of conditioning.

Experimental Prooednre

18 Hereford heifers with 2 adult teeth, aged about 18 months to 2 years 
were assigned at random, ail per group, to 3 chilling rates, alow, medium 
and fast. The sides, left and right, were assigned at random to tender- 
stretch and normal suspension. After slaughter fast chilling was effected by 
transfer into a laboratory ohill with an air flow of 1 m see" at 0 C for 
48 hours. Medium ohilling was effected by holding the carcass in the room at 
14°-2C°C for 24 hours before transfer to the chill for a further 24 hours.
Slow chilling was effected by inclosing the carcass in a box of expanded 
polystyrene 2.5cn thick for 24 hours in the room before transfer to the chill.

48 hours post-mortem six muscles of the hind, longissimus dorsi (LD), 
psoas major (PS), biceps femoris (HP), semi-tendinosus 1ST), semi-membranosus 
TWTaSd'jTutaeus medius (GM), were dissected out and each was divided into 
3 roughly equal sections. These were assigned, also at random, to 2,7 and 
14 days post-mortem aging. Small pieces were removed from each section 
for sarcomere length detemination. After weighing, the 7 and 14 day 
sections were sealed in Swiss-Vao™ to be held at 2 C. Prom the front of 
the 2 day section a steak 2.5om thick was cut with faoe perpendicular to the 
fibre bundles. The other two seotions were similarly sampled at the end of 
their agin« period.
TWterinl oev Swobs were taken in 100 om2 areas on the outer surface of 
carcasses at 6 points, the round, near the quarter point and the neck on 
both sides. The swabs were put into 20 ml ¿ strength Ringer's diluent and 
serial 10 fold dilutions were made, up to 10"-» These were plated out on 
Oxoid plate count agar. They were gram at 25 C for 3 days and then counted.

Cooking Steaks were trimmed to fit in circular tins 1C cm X 2.5 cm and 
were "sealed in Swiss Vao bags. The bags were immersed in water for 40 min 
at 80°C, then withdrawn into water at 10 C for 1 hour. (14).

Cheering Dice 20 X 10 X 10 mm were cut from the cooked meat with the 
fibres parallel to the long axis. They were measured with a micrometer and 
then sheared in half by the Volodkevich (15,16) shear meter. Total work 
to shear (VW) and maximum force employed, (VP) were found from the force 
distanoe diagram drawn by the shear meter.

Teste Panel The sheared pieces were put to a taste panel. Each judge 
received"a”piece from a tenderstretch muscle and a piece from the correspond
ingly aged section of the normally hung muscle. The judges scored on a nine 
point scale for tenderness-toughness.

very
tough

slightly
tough

slightly
tender

very
te n d e r

extremely
in 6 major tough
effect of
We have

extent of 0

tough intermediate
extremely
tender

t a b ,
t ^  Smal? pieces <rf muscle (2.5 mg) were homogenised with
\  ¿6cti0n R:meer solution. The suspensions were examined directly 

y ccuntr V creen at fixed magnification and the sarcomere lengths 
ln8 the number of sarcomeres in 10 cm of image.

RESULTS AND DISCUSSION

,:84tfc i
g iv es  the  av erag e  c o o lin g  cu rv es  f o r  th e  t h r e e  c h i l l in g  

J V  lc* h tlv 10 houra Po s t  “o rtem , ' f a s t '  c h i l l i n g  had e f f e c te d  a 
i  The i m o l i n g  th an  th e  o th e r  tw o in  both  q u a r te r  p o in t  and

110 a t  th e  Q u a r te r  Doint was iusf m °  _^ ___ n ____
~*»e r n «UVAJ.OAI6 man wie otner t w o in both quarter point a

fi C J  bold .v.8 4h8 ‘>'“T 4er p o in t  was J“ 4 T»10* 10°. and was thus at
. V  « * . : V h°rteninS. (Bendall 1972)Shortening. (Bendall 1972). The average weight losses produci 

hot “ i-8 w!” ! fl5t medium 1 and slew \ . % ,  though
w ^ ^ t l y  different. Humidity in the "hot box" used for 

* li?c«as\  ^  100 °̂ which Presumably reduced weight losses therein. The 
(, ^ « s t  ? ?  wei«ht waa 209-9.79 kg. -  • ‘

 ̂17l*4 kg.

Ott-S?178 Total Viable Counts, falling within ranges (in organisms 
' •  Results from three sites pooled.

"pae“» a w s o w  Mien;xn. inc
The heaviest carcass was 2^3.8 kg

Slow medium fast
%

»,
^lo2 JoH

104 k
 

I
o r
sj

102-104 104 <102 102-104 104

»,
18 18 0 15 21 0 20 13 0
8 20 8 11 21 4 20 10 3

6ives viable counts expressed as the numbers of counts
* 48h D ran«es of number of organisms, cm“2. No counts exceeded 
N0 aj^“8 Past chilling produced fewest counts in the highest 

¡j,. ®hce of u surface infection were noticed in any carcasses but 
V $ *  been i,b0ne ta?nt" waS recorded round the right femur of an animal 

' 1). No 8Bedls» slime or discolouration were fovmid
day Swias-Vac bags.

the p„eiveo sarcomere lengths. Tenderstretohing significantly 
6tt sarcomeres and lengthais all others. Chilling rates did 

, arcomere lengths.
V'tAhle ,
V « !  whw-^4788 taste panel scares and shear meter force and work.' wher,

1 ID a means do not differ significantly a oonnon mean is quoted, 
all means are quoted to show that although overall ohilling

Figure 1. Measured average cooling curves for the three ohilling 
treatments measured in the centre of the deep round and in the LD at the
quarter-point (11/L2 rib).
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TABLE 2 Sarcomere lengths.

sarcomere length (nM)

suspension LD PS BF ST SM

tenderstretch 2.38 2.56 2.86 2.40 2.73 2.59

normal 1.79 3.29 1.86 2 . 1 6 1.79 1.73

Suspension effects were all significant at 1% except ST, % . Chilling rate 
had no effect.

rate had no significant effect, at 2 days post mortem, rapid chilling 
significantly decreased taste panel score and increased shear force and work. 
This effect was reduced at 7 days and was only slight at 14 days p.m. 
Chrystall (17) has observed that sarcomere length is not a good indication 
of mechanical properties or of sensory ratings. Toughness induced by fast 
chilling was not necessarily associated with shorter sarcomeres although 
Bondall (5) has recorded the presence of nodes of shortened sarcomeres in 
tough LD from rapidly chilled lamb carcasses.

In PS tenderstretch suspension reduces tenderness. The muscle is on 
the ventral side of the spine and hip and the sarcomeres are shortened. In 
BF and ST although the sarcomeres are lengthened there is no detectable 
effect on toughness. Both SM and GM are more tender if tenderstretched but 
the effect in the latter was detected only by the shear meter. The effects 
of aging on tenderness are significant in LD in all three parameters. In 
other muscles aging effects are not uniform.

All three methods of tenderasing could be of use commercially in an 
advanced meat factory. High standards of hygiene and control of 
refrigeration would be essential if slower chilling is to be exploited. 
Tenderstretching would seem to be of most use at present to factories where 
carcasses are divided into primal cuts before shipping. Aging should be 
applied only to certain muscles. The extra profitability conferred by 
guaranteeing tenderness should be quantified, in order to determine the 
commercial value of the three methods.
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TABLE 3 

LD

Taste Panel Scores, Shear Meter Farce and Work

Tenderstretch Normal

TABLE 3 (oont.) 

ST Tenderstretch Normal

Soore Force Work Soore Force
Score Force Worte Score Force Wort: (N) (j ) (N)

w (j ) (N) (j ) 3 . 5 4 82.4 0.419
s 2 4.80 A .  7 0 .3 6 0 4 .0 7 99.4 0.443 Susp. NS NS NS7 5.20 62.9 0 .3 6 5 4 .6 0 86.0 0.367

14 5.67 6 2 .8 0 .3 8 2 4.91 84.0 0.375 Chilling NS NS NS
Aging NS NS NS

m 2 4.73 73.2 0.393 4.80 89.8 0.414
7 5.78 64.5 0 .3 0 8 5.18 73.6 0.391

SM14 5.53 53.8 0.322 5 .1 6 61.5 0.356

f 2 3.53 9 6 .6 0.432 2.24 140.3 0.472
3 .8 2 79.0 1 1 7 . 87 5.22 66.4 0.338 4.09 1 0 0 .8 0.444 2

0.390
2.57

14 5.56 6 0 .8 0.35« 4 . 5 6 9 1 .6 0.399 7 4.03 73.9 3.10 95.7
14 4 . 1 8 70.1 3.16 93.4

Susp. • • • •
Chilling NS NS NS

Aging • * *** • Susp. ***
Chilling NS NS NS

PS Aging • * ** NS

2 ) 64.2 ) ) 55.3 GM7 ) 6.32 49.1 ) 0 .2 9 6 ) 6 . 7 1 49.4 0.280
A  ) 50.5 ) ) 4 6 . 1

* ** NS 2 67.1 79.9
Chilling NS NS NS 7 5.04 65.0 0 .3 2 1 67.0

Aging NS • ** NS
*** <0,1% significant
** <l.O/0

BP * <5.056 Susp. NS *
NS not significant Chilling NS NS NS

Aging NS • NS
2.95 73.5 0.379

s = slew chilling
Susp. NS NS NS m s medium "

Chilling NS NS NS f = fast "
Aging NS NS NS 2, 7, 14 - days aged post mortem
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