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Circésses from crossbred bulls - (n=173), sired by
‘ipatJ&aisl§nd §i:,en}al bgif; veré 11%  heavier 'viqéf/1ﬂi'
larger ,tiﬁéeyé area and 31% less :ib' fat depth iE;:n
crosﬁbte;'steef§'195165) sired by the same bﬁlls, feared
;onte;pqrango?sly .~and ‘saaﬁqhteted at the same agess
purebred Shorthorn bulls (n=148) fed at a different location

~~ but slaughtered at the sanme ageﬁ  pro&ncéd vcaréasses 9%
fiqhter, 17% snailét in rib-eye area and 16% greater in rib
fat than the crossbred steers. All differences were
sign“fican£ (P € .05). Within each of these groups these

‘~;easu;es ?f carcass co;position wvere not cortelatedw with
objective color Score (reflectance) or 2u¥hoqr pH. Hovever;
.\\\ . there were’siénificdnt (P £ .05) diff!rénces between groups
in de;eral weasures of ‘neat quality iith carcéﬁses from
crossbred bullé highest in 24-hour PH, §bjectiie meat color
score and vater’retentioﬁ an@_loééSf in transmission value
(a measure of water soluble protqiﬁ). §teer carcasses had
the highest transmission values, vere highest ih‘glucqéé and
lecoqen centent of meat (longissimus dorsi) and meat from
vstéeré was judged most tender bf both subjective and

'~ objective measures.

"Correlationd of 28-hour PH with the various . meat’
properties diéfered betveen groups. Within crossbred bull

carcasses the highest correlations vere found (28-hour pH

iv
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vith color score ‘' (.77), water retention (.86), glucose (-

'_.,53)."sheat ;alue ‘:.‘EN.’M! s\_lb'jective tenderness .score

(-69)), wvwithin crosxbred s&e&r"&a}casses,'cortelatigns've;e

C v ,
. Tovest for all traits measured. :The percentage of carcasses

.Vibh‘Zﬁ-anr pﬂ)qtedﬁp: ihgn 5.7 vere 53.5 fos crossb;ed

bulis, 16.5 for crossbred  steers .and 30,8 for' Shorthorn.

-

bulls. For croésbred bulls, carcasses®in the pH range . 6.7

. to 2.0 '(n;:b/. averaged 119%/3x reflectance, 138% in vater
%

retention,_ in tranasmission, 30% in glycogen and 12% in

-qlﬁcose of' the averages observed for carcasses in the pH

range 5.5-5.7, respectively (h=80). . ’ ’

v
-

N 7. "-. . N
It vd§ ‘evident that bulls were more susceptible and/or

responsive than steers to pre-slaughter stress conditions

_uhich-éesulted in the biochemical changes responsible for

the - ptodt;ct'ion qf dark cutting beef,. 'Shptéhorn.‘ bulls

appeared to .be less stress susceptible than crosSsbred .bul!!
but cohdigions ‘of the experiment precluded direct

comparisons. ‘ b -

/' - - T ®
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1. INTRODUCTION

Ic ' ' o

Developaents in the beef industry over the past twvo

decades have resulted ubstantial changes ii“tup t,‘ol of

L 3
beef- carcasses t.nc:inq re

11 outlets. Intense cospetition
fros other -food prodects asd chaagiag¢ cosssser sttitudes
have tc;wltsz i resegrch effort’ being directed toward
identifying ec6n9n1c11 beef ptod.cfion systeas, and relating
the impact of the type OoOf carcass nccénini’trol these
systeas to consumer attitudes to beef. The introductien ,of
the large i;ropoa! breeds of cattle to Canada, the rearing
of bullc,.toodiuq high energy ratioas froa v?aninq,. and
otheg'-innovations have resulted 1in 1-portnnt,giiet1c and
environmental effects om beef carcags -cOlposition | and
quality charactotistics., Esphasis has been on rapid growth
and«catéass mugcling. Hence there is a tendency for éatcajn
Dbeef to be increasingly ydnthfnl, -qfo heavily suscled and
leaner at J conveational slaughter - weights. :1-&‘
T ——
physiological wmaturity is reached at hoav{or ‘!pgqhts,
Aéerta;n meat properties wvhich 1ntino§co quality f.cgors are
ntfoé?od. Por exanmple, -qtblipé or intra-lnscniit fatness,

cplor, vater retentiom properties, palatabilitfWand other
o .

consumer criteria of quality may be affectead.
v » 1 :
Regardless of the type of carcass froa vhich beef is

obtained, the guality of the seat produced is inflaenced by
the physical and chemical changes which take place in the

b

-

°©
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' suscle ante- nld ‘ post-mortes. Thege changes uro brought

about by -aly factors, bd‘p genetic and nqg—qoiottc. \\Qy
" are as Yyet only ”ttlall!’iﬂ“t.t“..v norq; tOQUltuopt.
‘ and phydioloqtccl honsostadis coupn‘iblo vith 1ife ngo

9 0
supplied bg thc vucnht systen, gith lhwuor oﬁ- the

aninl and co.hqnnt Gcltcnh'toty uuu-o. post-mortes . :
chuﬂgo °in - mmscle. mnmou .ng conv.roio- of 11v1an ln.clgc
to meat boqlln (l.agtio b962). *uotoblc .qucﬁly’:l. with the
prngfti.o- of lnctié' acid is 'n final atteapt of n. n-o:lo [
cell to laint%in the llvlngoptoco-% BEovever, reaewal qf
adonosino ttipho-’l.to (lf?) cCaamnot be lgintll%od,tor"iouq
and as ATP concontrattou decreases the sustle ontor- tho”

2

_ state ot-riqot .ottip (Rate-Saith and Beadall 19.7, 19.9).
Qnautativo proporths of meat sech .' s, coior, -~ pH,
palutobillty. antoz-holdiug cnpgcity, o-ulsityiuq ptopottio-

\, ) and others - undogqo : ch;nqo to a doqtu doictaincd by tho
" extermal and 1nt:rnﬁ’°o;vtfonnont of the anlnul at .ado

‘inssoqtoui ?t? dogéh. "i;llti;; glycogen levq;zﬁ oit;ut and

a-‘t‘t‘ of o;hoéti-io stinnlntion at al.uihgcr, nlbiong
to-potat.to- po?t--ortcl and otﬁor ;t;ctq;s can all have

t crucial oftccts on pogt-lott.lf 911colysis°oaid° sigsgqnolt
< . . 9 t

< ¢ .
&¢ C ]

4]
')

o 9 ) }
The ob t:lt,cs of fis s:.}dy vere: ¢

(o] [
g <

' W“l.° to° st.dy the otf‘ct of sex, brecd and age of - anilal

- T o

on noat qnality, o o T, s )
% ’ : : ‘

0 o v o ) A . o



v
2. t¥ determine differenceés in levels of residual
3 | . |
glucose and glycogen in longissimus dorsi muscle, and their
relation to guality,

3. to determine if differences in lean and fat content
LN

of the carcass affect the quality of the meat and :
2
.4 to stﬁdy the effects of distance of haul to the

*abbatoir on meat quality.
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> 2. LITERATURE REVIEW

The consumer of beef has- clearly , established a

’preferenof for 1lean beef which wmust be tender, with

satisfactory flavor and juiciness (Juillerag\gt al. 1972)-.
Tenderness and 1eannesé are the most important criteria of
consumer 'acceptability (Bailey 1972; McFadyen and Stiles

1972) ; .consequently it is appropriate to examine the factors

influencing these criteria.
*

2.1 Age_ of Animal _ N

Age appears to have little affect on meat tenderness
when chronological age differences are small (Wipf et al.
1964 (9 ta_19 months); Ritchey and Hostetler 1964 (8 to 15
months) ; f:;Fégg et al. 1971b (13 to 16 months)); but when

wider - differences 1n" age ‘are studied, meat tenderness

-

decreases vith increasing chronological age (Hiner and
Hankins 1950 (2 1/2 y;;ts to S5 1,72 years); Jacobson and
Fenton 1956 (8 to 20 months); Alsmeyer et al. 1959 (5 to 87
nonths);QTupa‘et al. 1962 (18 to 90 months); Palmer 1963 (5
to 99 months); Goll et al. 1965 (9 to>148 months); Walter et
al. 1965a, (9 to>u8 months) ; Breidgnstein et al. 1968 (9
to>48 months); Arthaud et al. 1970 (12 to 2u months)) .

Hunsley et al. (1971) reported significant differences in

meat tenderness between 6- and 18-month old groupsd'as

measured by EXnel and shear with 6- and 18-month old groups



being ,more tender than 9-, 12-, and 15-sonth o0ld groups.
This report, hovevep,‘incluﬁed oply. 20 ani-gis. Covincton
et al. }1970) using 60 carcasses, reported no §ignificant
differences iﬁ meat tenderness betwéén naturfiy ‘groups
ranging from 12 to 3é months o{‘age,'which is at va;iance
with other reports covering this range in age. Alsmeyer et
al. (1959) found that age at slaughter accounted for only
8.1% of the variation in meat tenderness in animals ranging
from 5 to 87 months of age. Tuma et al. (1962) and
Henrickson and Moore (1965) found tha£ the greatest decrease
in meat tenderness occurred between 18 and 42 months of age.
Hedrick et al. (1969) and Pieid‘et al. (1966) found that
the chronological cge effect was more pronounced in bulls .
than in steers. martin et all (1971b) reported a
correlation of -0.3 between age at’ slaughter and panel
tenderness . for bull carcasses 13 to 16 months of age. Zinn
et al. (1970) found that with an initial” age of 250 +45
days, heifers reached a maximum tenderness af;cr 150 days on
feed vhile. steers reached a maximum tenderness after 2490
days on feed. This ray be dﬁe to differences ic{'cge of
maturity between steers' and heifers with heifel.z*acaturinq
earlier than steers. LR

Other meat gquality characteristics change with increase

in animal age but the literature does not agree as to the

type of change which takes @flace. As chronological age

®
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increases, meat pH has been reported to increase (Walter et

al. 1965a; 9 to>u8 months) decrease (Tuma et a1~ 1963; 6

//-to 90 months) or remain the same (Breidenstein et al. 1968;

.

\

9'to>98 months) even though a wide range in age was studied

in each 'case: meat texture becomes coarser (Walter et al.
. \d

196 5a; Preidenstein et al. 1968) and leﬁt color becomes
[l

darker (Tuma et al. 1963; Walter et al. 1965a;

o
¢

Breidenstéih et al. 1958)- Juiciness and flavor vere found
l}o increase_(JQcobsoniada Fenton 1956; McBee and Wiles 1567;
Arthaud et al. 1970) or resain the same (Tuma et al. 1962,
1963) and is in conflict since “the former and latter
researchers used age groups of 8 to 30 and 6 tbd 90 months
respectively; moisture decreases and fat ce:tent increages
(Jacobson and Fenton 195%; Goll et al. 1965; NcBee et al.

1967;; muscle protein decreases (McBee et al.. 1967; beef
carcasses 8° to 30 months) or changes little (Tuma et ai.

1963; bggf cows 6 to 90 months); flavor intensity score
decreases (Goll et‘al. 1965: carcasses 9 to >48 months); or
changes 1little (Arthaud et al. 19303 syeers 12 fo 24

/

months) and drip and coagulum decrease (Jacobson and Pengﬁh

' 19%6) . Thus as animal age increases quality}characteriétics

of . the meat also change, but the type and extent of change

occurring with increase in age have not been fully resolved.
L4

. Differepces between studies in sex 0f carcass and maturity

: - 7 . .
range, used results in different conclusions being drawvn

concerning the same quality factor.

=]

r ] R



2.2 sex
| ) | <

Wide differences in meat quality attributable to. sex

have 8lso been reported. ’ Meat 'fro- intact lalee,(i.e.,
bulls) has been stated to be‘71e§s »tendef than meat frona
ssteers (Adams and Arthaud 3963} liéken'et‘al. 1963; Cahill
1964 Field*et al. 1966; Arthaud et al. 1969; Glimp et al.
-1971; Hunsley et al. 1971) and®less tender than meat from
heifers (Cahill 1964; Pield et al. 1966f<as -ea;ured by
panel and shear. However, Field et al. (1966) foupd no .
differences 1in meat tenderness Rgtveen bulls and steers and
heifers et'306—3§9 days of age. Hedrick et al. (1969)
using Warner—Bthtzlee shear values and sensory panel cores
for meat tenderness, reported steaks fro-‘50115 lessvfgan 16
nonihs of age vere coiperable in tenderneSs-éo steaks fros
steers and heife;s of similar chronoloqical_age.e Palmer
(1963) found vyoung bull beef to be as acceptable in
tenderness as steer beef. : Bailey et al. {1966a) found

shear values of the longissismus dorsi of  steers
approximately 14 sonths of age _vere not rsignificintly
different to those of,bulls of‘the same age. Martin et al.

(1971b) discussing sei effects oh beef tenderness indiceted
that bulls could receive superior tenderness ratings because
of pre-slaughter influence prodncinq dark cutting beef which
is extremely tender. Where dark cutters were excludeé bulls
vere less tender than heifers or steers. Price (1971b)

Al
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;EPOtted no difference - betveen . bulls and steers for
tendbrﬁess in terms of practical neat'qnalitf. Martin and
Fredeen (1973) reporting on results of a consﬁnet study
indjicated bnllv carcasses‘ had significantiy higher ;hepf
va?ies and lover coansumef scores for tenderness and flavor
than steer carcasses. fhese authors however.pbsetred that
buil carcasses in their study which cosprised ypnthfﬁl- beef
(approximately 400 days of agé) ‘were allosf .vithout
éxceptlon rated satisfactory or better by the consumers for
tendetness. Thus, to the consumer, meat froa young bulls is
as accepé#ble in tenderness as leqt from steers of sililat

chronological ages.

i

Sex differences have beéh found for' meat flavor and
juiciness scores. P1eld éi al. (1966) found flavor ané
juiciness scores for roasts fros steers and heifers 600-699
days of age to be more desirable than froa bulls of the sanme

d
(1970) using animals from 12 to 28

"

ége. " Arthaud et al.
months of age, found significant differences L lﬁscle
juiciness betveen bulls and steers. other_reseafcﬁers“nsina
aninal§ of yohnget ages found no sex differences in muscle
fuiciness and flavor (Glimp et al. 1971; Hedrick et’ al.

1969) . Suess et al. (1966) found no differences in
palatability attributable to sex for animals Qlanghiered

.betveen 386 and 855 kg (850-1000 1b.).

. Sex also affects sarbling and fat cover vith meat from
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bulls\having less marbling and tat\ cover than @meat frqn
steers (Bailey et al; >1966a,b; Arthaud et‘ala 1969; pPrice
1971a; HMartin and Predeen 1973), and meat from steers hnviné
a lover fat content subcutaneously and intra-msuscularly than
meat fgyl heifers (Bt#dley et al. 1&66; Wilson ef al.

1969; Link et al. 1970a; Marchello et al. 1970b). Terrell
.et al. (%969c) found fhaf\~neat from steets vas more

uniformly marbled than meat fros heifers.

Arthaud et al. (1969) reported meat from steers to
have a finer tekture and more desirable color than meat froms
&ls. Marchello et al. (1970) found wvhile total pigment
varied betveen se(es, no Qex dlfferencﬁz in muscle -yOglobln

content vete observed

-

2.3 Breed “J ‘
. There are sany reports indicating significant

differences betwveen breeds for peef tenderness as measured
by Warner-Bratzlqé shear valueé pnd/or taste panelfxscores )
(Cartwright et al. 1957; Kincaid 1962; Ralsey>et'a};'l1963;
"Huffaan et ak@i 1967a; Hufglan et al. 1967b: Bramblett et
al. 1971; Glimp et al. 1971y . various breeds and breed

crosses vere used by these authors.

g@ BegAt from purebred Brahasan orlprahpanbcrosses has been
found to be significantly less tender than that of other

’ |
» breeds (Cattvriqht et al. 1957; Kincaid 1962; Ramsey et al.
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1963; Palmer 1963; Huffman et al. 1967a; Huffman et al.

1967b)‘but there is some controversy as to yhether a breed
difference exists in tenderness alohq . British breeds,
BPritish breed crosses and other bfeeds excluding Brahasan.

Some studies 'reported significant differences (Huffman et
al. 1967b; Bramblett et al. 1971; Glimp et al. 1971)
vhile other studies reported no significan: differgnces in
tenderness (Crocket et al. 1959; Klosterman et ° al. 1961;
Ramsey et al. 1963). Crockett et al. (1959) and Bramblett
et al.‘\vjl371) did not report age of animal at slaughter.

“However, in other reports where age at slaughter was 14
-ontﬁs or less a significant breed effect existed and wvhere
age was 20 months no signif;canf breed effect was found.

Thas, it vould appear that as aage increases breed

differences in tenderness, become o’!}shadoved by the gffect

of increased age on quality.
. v

2.4 Ante-Mortem Environment

It has long been realized that animals exposed to such
stressors as cold, fatigue, anoxia, imranition and emotional
excitement reaét by a release of hormones from the adrenal
gland - first adrehalin from the adrenal medulla and then
17;hydrowzcorticosterone and 11-deoxycorticosterone fros the

adrenal ortex (Sélye 1936) . The adrenalin <causes the

passage of potassium froam the muscles to the blood and the

gfeakdovn/ of liver and @suscle glycogens -to glucose and

v
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.
lactic acdid. The 17-hydoxycorticosterone tends to restore

v

}

the glycogen balance by gluconeogenesis from protein and-the
11-deoxycortjcosterone tends to restore thé potassium
balance. The release of these horloRLs from the adrenal
cortex Iarises from stimulation of the latter Dby
adrenocorticotrophic hormone (ACTH) produced in the anterior
pituitary. This process ? referred to as the "General

Adaptation Syndrome" (Selye 1950; Hedrick 1965).

The‘ factofs capable of causing this disturbance are
varied and can be associated with: activity, temperature,
humidity, at-ospﬁeric pressure, oxygen tension, nuﬁritioq,
pathology (e.g., microbial or parasitic invasion, physical
injury., metabolic disotientation), artificial injurious
agents (e.g., drugs and towmians, ionizing radiation, electric
shock) and psyégglogy (¢e.g., temperament, fear, light,

sound) (Lawvrie 1966) .

.

The immediate effect of fatigue and luscular.exercise
is reduction of muscle glycogen vhereas intermittent muscle
exercise over an extended beriod incneases the‘levels of
muscle glycogen (Procter and Best 1932; Bate-Smith 19“8).
Long-term heavZ exercise increases muscle glycogen content,
decreases fat, vater and collagen and say improve tenderness
(Mitchell and Hamilton 1933). Enforced exercise ofc steers
‘for 1 1/2 to 2 hours even afger 14 Qay fasting failed to

deplete muscle glycoden and raise the ultimate pR (Howard

)
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and Lawrie, 1957a) . flovacd and Lavrie (1956) reported no
difference in tenderness or pH attributable to severity of

exercise or pre-slaughter fasting in steers,

.

Temperature stress may also affect shiscle properties.

i

Acute exposure to a cold environment may} produce a high
N .

ultimete pH in cattle which is manifestfd in dark-cutting

beef (Hall et al. 1944; Lawvrie 1958) ivering is the

first compensatory reaction to a 1ov“tei?:4 ture, Reserves
of glycogen‘both in the liver and 'f.i&e depleted by
shivering (Hall et al. 1944, La®® -‘1958i? g_e'-uscles of
animals slaughtered in this condition may have an Auléinate
pH above the normal 5.5 (Lavrie 1966). Lewis et al. (1964)
and Webb - al. (1964) indic;ted adverse effects on
tenderness wvhen comparing stressed steers to unstressed
steers. Hovever, vhere the ultisase pH renain§ very high
(circa 6.0) thé meat is characté’!zed by dark color, high
vater retention properties and extreme tenderness (Martin et
al. 1971a,b). Theselinflg€RCes on tenderness have not been
fully explained experimentally. However, dark-cutting beef
may be accounted for by stress coanditions which could result
in: (1) prolonged release of adrenalin, and (2) subsequent

establishment of lov levels of wmuscle glycogen (Lavrde

1966) .

Dark-cutting beef arises through the effect of the high

PE in shifting the absorption of the muscle pigménts to the
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red end- of the spectrum and increasing- the cytochrose
oxidase activity (Lavrie 1952) . i high activity SR this
enzyme coabined with the Svollen structure ot‘ihi‘fibros
caused by the high pH (high pH is associated with high vater
binding capacity), depletes the oxygen available ¢to .forl
bright-red oxymyoglobin at the ‘surface of the seat, thus

permitting the purplish-red color of reduced @wmyoglobin to

predominate (Lawrie 1958) .

Although fasting norlﬁlly has no effect oﬁ’glycogen
reserves of cattle (Howard and Lavwrie 1956), limited feeding
Pre-slaughter ha; been found to decrease tenderness ' scores,
evaporation 1loss with cdoi{ng, and Munsell color values and

- increase shear force value and‘pH (Levis et al. 1962) .

Muscle glycogen reserves may be depleted by
deficiencies in Cu, Co and Vitamin C and excesses of nitrate
and fluoroacetate (Gallagher 1964). Deficiencies in Cca and
Mg will cause increased excitability of muscle and a fast
rate of onset of rigor mortis (Howard and Lavrie 1956).

)

Since it was difficnlt to deplete amuscle glycogen
reserves in steers sufficiently to raise the ultimate pﬂy
even by a combination of enforced préfslangh{er exercise
vith inanition, it is snrpri#ing to find such depletion .in
certain 'vell fed and rested steers (Lawrie 1966) . This

condition vas found to be caused by psychological stress

- w f
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_resulting in an animal vith an excitable temperament (Hovard

4

and Lavrie 1956). Even at rest such anipals exhibit

continuous short range muscular tvitching not manifested b;‘

marked wmovement of the Dbody. This 1nigiuntnry lusFlo

activity reduces the equilibrium devel of glycogen (Lavrie

1966) . It is'postulatod“ihat chronic release of adrenalin

into the circulation ot‘ excitable animals achieves its
!

effect soOnN auscle dlycogen stores by sti-ulation of

phosphorylase b to phosphorylase a (Ktobs and Pischer 1955;

Ashmore et al. 1971) thus depleting glycogen b prono!&ng

Cr
lactic aciad production in vivo in preference to

mitochondrial respiration. The production of dark beef by
adrenalin can be prevented by using beta adrenergic blocking
agents which act at the cell wseabrane beta-adrenergic

receptor sites (Ashmore et al. °"1973).

The depletion of glycegen in -uscle‘ can also be
achieved by the adlinisttetion of : adrenalin (Hedrick et al.
1957: Hedrick et al. 1959; Hedrick et al. 1961; Judge anq.
Stob 1963) , tremorine (Bendqu and Lavwrie 1962), :nd
electric shock (Hedrick et al. 1959; Lewis et al. 1961b,

1962, 1963a). The depletion of ql;spgen pre-slaughter by

‘psychological or osher stress tesulting in changes in nmeat

gquality post-sorten is particularly severe in: bulls,
relative to steers or heifers (Martin et al. 1971b) .

Hovever, evidence is lacking as to vhy this should occur.

Ak ShLhi: g Ch
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\
Other toloaﬁch topottinq'ltro.- effects on seat quality
have indicuted: Eh."t‘:ﬁ§lt1llto pH (Bouton et al. 1957;
Lewis et al. 1961b, 1963; Judge and Stob 1963; ﬁodtick
1965), darker meat color (Hedrick et al. 1959; Levis et al.
196%h, 1963a), increased vltct-holdilq capacity (Bouton et

al. 1957; Hedrick 1965), and reduced cooking losses (Levis

et al. 1961a, 1962, 1963).
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, 3. WATERIALS AND NETHODS'
3.1 pepslatien Stsdisd ” v

[¢]

’ . .
The popnlltion studied cosprised 173 crossbred bulls,

165 arossbred steers .nd 100 pntobrod ShOtthotn bulls. *ho
L 4]

bred -tootl lnd bnllt vere aof the sase genetic
b.cjsround bolnq sirod by Ch.tolnil or Simsental bulls dut
of Hereford, Angus or shorthorn Gass from 21 conttact herds.
‘gho sase bnlll vere used in each herd. Breeds of bulls vere
used altornﬁtgly and 9bulls vithin Dreed vere used 'in
sequence to illolinnto the covs as tho! came into heat.

n

Herd owvners tqgotdod birth dates, birth veights and ease of

AV

Q
calving. .alb cn1103'vot veaned betveen October 16, 1970
and Octo%’t 30, 1970 a shipped to the Lﬂ‘plbc Research

v Statdon as sach herd vas'conpleted and penned by herd. The

-

‘:ay after fartival the calves vere vaccinatod,hdwﬂorneﬂ,

iven a vit‘-in ADE injection and half wvere selacted at
a9 0
randon and c&‘ttated. Culves vere given a ratiom consigting

of 1.4 kg of rolled oats per day plus long hay ad 1lib antil
b [

November 2, 1970. Proa ¥Wovember 12 to Novesber 20 the calvés
vere brought up to full feed omn a 70% grain and 30% hay
ration. The graia ration 'consisted of .70% bitley, 15%
rolled ocats, 10X beet pulp pellets and SS protein supplesent

(32%) . When the test calves avetaqed 318 kg the hay vas

Q

reduced to 15%. The purebred Shorthorn bulls vetezraised at

o

the Lacombe Research Station and the Branden Research

-3
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Station. They were weaned October iB,‘W§7O and shipped to
the Lethbrigge Research Station on_Qctober 28, 1970. After
arrival ag Lethbridge they receivpd similar treatment as the
crossbred cattle at Lacombe and wpntr on feed at
approximately 200 days of age. The ration at* Lethbridge
consisted of a whole grain Prarley pellet without ad 1libt hay.
Thg pureb%ed Shorthorn bulls were individually fed at
Lethbridge thus resulting in location differences in animal
management. All cattle were E&aﬁﬁhtered at 12, 13.5, or 15
months of age at a.codiercial packing plant in Red Deer,
Al%erta, and were sléuqhtered over a period of 18 veeks with
25 to 30 animals per wveek. This required an approximate
seven s hour truck haul from lLethbridge to Red Deer for the
Shorthorn bulls while the crossbred bulls and steers vwere
éubjected to approximately a one héur truck haul from
Lacombe to Red Deer. In addition to the differences in
stress associated vwith distance of haul to slaughter, the

Shorthorns were grouped iamediately prior to shipment.

3.2 PacKing_Plant_ Procedure

v

LSlaughtering commenced within 1 hour after arrival at
the plant. Stunning was done with a captive bolt pistol,
-normal packing planp kili line procedures were followed and
the carcasses;were vashed, shrouded and moved into a cooler
for chilling at 2 to 4 C. Approximately twenty-four hours

‘.‘ . - i
after slaughter the left side of the carcass wvwas ribbed at



the 11th-12th rib interface. Three measures of fai over the
rib—eye; one directly over the center of the Longissimus
porsi muscle (LDY;? and thd other two at points which
bisected the top and bottom halves of the LD (Fredeen and
veiss, 1970):. pib—eye area (determined with a fransparent
grid ruled in 1.61 sq.‘ ca s&uares) and pH readings of the
LD using a portable pH meter Qith a pointed pgobe electrode
a

("Portomatic 175" pH metér, Instrumentation LLaboratories)

[
vere taken.

1 After hangin. for 6 days, at 2 ta 4 C the'left side of
thé carcass was broken into nine cut =k, rib, short
loin, sirloin butt, round, brisket, s v flank, a%e plate
(Fredeen et al. 1971). PEach of the five major primal cuts
(chﬂck, rib, short 1loin, sirloin - butt and round) vas
dissected into muscle, fat and boﬁe to determine carcass
composition. The brisket, shank, flank and-plate Qere not
included, since they represent only a small proportion of
the lean 1in the carcass. The LD muscle (from the rib and
-the short loin) was taken back to the 1laboratory for meat

gquality evaluation.
»

3.3 Laboratory Procedure .

3.3.1 Sample Preparatjon

Approximately 250 g of the LD anterior to the 11th—-12th
rib interface vas completely trimmed of external fat and

ground by passing it through a grinder three times to ensure
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uniformity of sample. To ensure a fresh cut surface, a
. e

slice was first removed from the posterior end.,of the rib.

- The qround LD was placed in a qlass jar with a 1id and

frozen at —20C for four months before analySLS

3.3.2 Quality Evaluation

T™wo steaks, 2.5 cm in width vere cut from each LD
posterior to the 11-12tR r[ib interface &fter ©an initial
slice wfs removed to ensure a fresh cut surface on both
sides of e;ch steak. fhe first steak was cooked in a
microwave oven von a fiber glass tray to medium raYe
(evaluated subject%yely pink in the center) and cdoled
overnight in a refrigerator at 2 to 4 C. Ten steaks from
different anilais‘vere cooked at one time. Cooking time per
steak varied from 15 to 20 ninutes; The following day three
cores, each ZICI in diameter, were taken from central,
medial and 1ateral“>IOEations vénd were evaluated for
tenderness using é Warner-Bratzler shear apparatus;
Readings were recorded on a chart recorder using a scale
from 0 to 100 repreSenting 13,000 g of force. Cores vwere

close to room temperature (20 C) at sShear time.

Objective color readings -(measuread by means of a
photoelectric brightness meter, Ernst  Schutt Laboratoriesf

i

Gottingen, Germany) were taken on thff second steak (using a
scale from 0 to 100 with increasing color ° score
corresponding to darker 'color) after the bright red color

]
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characteristic of oxymyglobin was produced by exposing the
surfabe of q?e steak to the air for approximately 20 ain.
Ten steaks ueré thén cooked in a microwave oven to medium
rare and evalu;ted for tenderness by an exper{enced taste
panel of. six people using a 1 to 9 descriptive scale with 1
eing very tough and 9 being very tender. Alternate panel
meabers wvere used.only if the need arose. Six cores removed
from each steak were randomly assignedoto.the paﬁel' nembers
for tenderness evaluation. Panel meabers were not

instructed’as to hovw to chew the cores,

3.3.3 Ché;ical Analysis

Turbidity leaéhrelents (* transméssion) for vater
soluble-proggin of the ground LD wvere taken using the method
of Hart (1962) . Ten g of ground longissi-us dorsi plus 10
ml ofodistilled vater wvere homogenized at 2° to 4 C in a
Virtis homogenizer at 75% of laxilﬁ- speed for fifteen
minutes. The ﬁonogenized sa-ple was poured into a 50 =al
centrifuge tube, brought ap to 30 n; total- volume vith
distilled water, thoroughly mixed, covered with Parafilm and
s;ored at 2 to & é ovefnight. The follovipg day the sample
vas cenfrifnged at 26,000 g's and 4 C for 20 min. The
supernatant liguid wvas ﬁiared through a fil£er paper (S&S
589) to remove solidified . fat particles. One =zl 6fbthe.

filtered supernatant vas mixed with 5 al of a citric acid

phosphate buffer (pH 4.6) at rdom temperature. Percent



trans-igsion vas read after 30 min again;t a blank
consistilq of 5 al of water And 1 ml of supernatant and at a
vavelength of 600 nm.

Water retention vas carried out using the method of
Herring et al."(1971). Apéroxiiately 20?9 of ground LD was
weighed into a tared 50 ml test tube. The test tubé was
cent;ifuqed for 60 ain at 37,000 g's and 4 C. D‘rhe
supernatant fluid vas éoured into veighed 50 =l beakggs and

]

the weight of Jjuice extracted was recorded. The jhice
retained wvas expressed as a percent of original moisture to
eliminate variations in ether extractible material of the

original muscle.

.

The ground LD was analysed forA-oiStu:e and fat, by a
method adapted froms }.O.A.C., 1965. Approxi-afely TQO g of
ground LD was veighed into tared aluminum beskers and placed
in a drying oven at 105 degrees C\ovetnight. The following
day the beakers vere reve;ghed to determine -6istu;e loss,
expre;sed as a percentage of the weight_ of the  original
sample. The dried meat samples vere pulverized, an aliquot
veighed into tared alundum = thimbles, then placed in a
Soxhlet .extractor for 16 hr for ether exfraction.of fat by
di-ethyl ether. ’ The thimbles were removed fro- the
extractor, air dried to remove ether fumes, oven dried to

reaove any -oistﬁte'present, and veighed to determine fat

extracted. percent fat was calculated on a dry matter



22

. o oot
basis. Percent protein was calculated by asﬂ‘ng the ' dried-

defatted samples overnight at 600 C, weighing the thismbles
plus ash, calculating percent ash and deteraining percent

protein by difference (100%-(% moisture + % fat + % ash)). °
12 b .

Glucose _ in the . ground LD was detersined using the
E}eénberé,and Glick modification of tﬁe glucose oxidase
method (Giick 1963). Ten g of frozen saaple was hpqogenized
vith 85 al of.di§tilled\v?ter for 15 min at 2 to 4 C in a
Virtis homogenizer at 75% of top speed; “The hondggnized
sample v§s$ poured 'into a 50 =l centrifuge tube and
centrifuged at '37,000‘ gts and 4 c for 15 lin;., The
supernatant’ vas filteréd_vto remove solidified fat and the
volume measured. Kiqht -l of supernatant was pipetted into
a 100 li volu-etfic flask -and brought up to volume vith
distilled water. Two ml of dilﬁted extract plus 3 =l ,of‘
glucose oxidase solution was pipetted into a sample test
tabe. Two ml of diluted extract plus 3 ml of boiled glucose
oxida#e solufion (enzyme destroyed by %eatf veré also
pipetted into a blank test tube; Tvo glucose standards vere
used: 10 ug/ml and 20 ug/ml. Tvo ml of standard plus 3 sl
of glucose oxidase solution vefe pipetted'into the standard
test tube. Tvo ml of distilled wvater plus 3 sl of q;ucose
oxidase solution vere pipetted into the standara\ 51ank.

Sample and standard tubes vere digestell at 37 C for 85 ain

and then optical density io.b.y vas read at 400 nm. Glucose

s
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Q

h

wvas calculated using the formula:

ug glucose/g meat = 1.667 AS’

"

Where
v

A=al of aliquot
S=ug of glucose in subsample Q’

S= uq_of glucose in standard x 0,D, _of sample
0.D. of standard

1.667 = dilution factor

Glycogen'vas deterlined-using the method of Roe and
Dailey (1966) with some adaptations. One g of frozen ground
LD was added to 3 al ai\:N'NaOH in a graduated centrifuge
tube. Two standards wvere prepared: 0.1 mg vgiycogen/nl and
0.2 =ag glycogen/ml. The saamples and standards vere fitted
vith a condenser and placed in ; boiling ;ater'bath for 1.5
hrvto digest the tissue. After cooling to rooa. temperature,
6 ml of 1N perchloric acid vas added to deproteinize the
alkaline digest and the volume vas®brought to .10 ml with
distilled water. After staﬁding for 15 min th; samples and
standards vere filtered through acid wvashed paper. One =l
of filtéred extraci was pipetted into a centrifuge tube, 2
al of 95% ethanol solution was added and the tubes vere
alloved to stand  overnight at roos -tenpératnre to
precipitate the glycogen. . The folléving day the tubes vere
centrifuged for 30 ain at 4,000 rps, and rqgn te-peratute;
the supernatant was decanted and the tubes veté alloved to

drain at a 45  degree angle for 10'pin. Pive ml of 80%
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ethanol solation vas‘aaded-and the tubes were centrifuged at
4,000 rpa for 10 lip, the supernatant was decanted_ and the
tubes vere allowed to drain at a 45 degree angle for 10 min.
This step was then repeated. Tvo ml of distilled water waé
added to the tubes, they.vére agitated and 10 =l éf Anthrone
reagent wvas added to obtain the color production. The tubes
vere stoppered, mixed and fitted with condensers. A blank
vas prepared with 2 ml of distilled water and 10 ml of
Anthrone reagent. The té%es vere placed ih a boiling water
bath for 15 min, cooled and the optical density (0.D.) was
read at 620 nm. The formula used for calculation was

) /
Bg glycogen/100 g of tissue =

DU x mg glucose in x dilution x .09 x 100
Ds standard ) g of tissue
Where, ’

Du = optical density unknown sample

.~

Ds = optical density standard

piflution = 10 <

0.9 = factor for convefting glucose value to glycogen
value
3.3.8 Statistical Analysis

Means and standard errors vere derived for sex,
locat?on, breed, and treatment (slauqhtgr age) grows T
tests vere used to determine significant differencs: © w n
means. Correlation coefficients were derivegd

?

~

variables.
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q. RESOLTS

Prelili?ary analysis shoved little &ifference between
the Charola;s and Siammental crossbred bulls and steers so
for analysis of quality facgors the tvo breeds vere
combined. Means and standard errors for live aniaal and
carcass 'composition leasufe-ents are presented in Table 1.
The <crossbred bulls had significantly greater 1live and
carcass veight ' significantly larger, rib-eye area,
significantly less total rib-fat depth and significantly
greater percent muscle than the crossbred steers vhich in
turn  had significantly greater live and carcass wveight, had
significangtly larger rib-eye area, signficantly less total

rib-fat depth and significantly greater percent muscle than

the Shorthorn bulls.

»

, Means and standard errors by breed and sex for chemical
composition of the LD are presented in Table 2. Crossbred
bull LD had significantly more maoisture than érosshred
steers LD or Shorthorn bulls LD. The LD of crossbred Abulls
and steers had significantly more protein tﬁan the LYyéf
Shorthorn bulls. Crossbred bulls LD had significantlyﬂ less

ether extract- than crossbred steers LD which had

significantly less ether extract than °shorthorn bulls LD.

Correlations for muscle and total rib-fat depth with pH and -

meat color were small for all sex-breed groups (Table 3).
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means and standard errors for the quality variables
measured on the LD are 'presented in Table 4. Crossbred
bulls had significantly highd®™\geflectance values, pN values
and wvater retention and significantly lowver petce;t
transaission than crossbred ;teers . Crossbhred steers had
similar reflectance values and vater retention bat
significantly llover 24-hour pH values and significantly
higher transaissjion values than Shorthorn bulls. Crossbred
bulls and Shorthorn bulls were significantly less tender
both f&% shear force measures and taste panel score than the
crossbred steefs and the lattef +Rad significantly wmore

residual Jlucose and glyocgen than either group of bulls.

No age effects on meat gquality wvere found for the
. crossbred bulls (Table S) but age effects on meat'\,quality
were found for the <crossbred steers (Table 6) and the
Shorthorn bulls'(Table . Heatzfro- crossbred steers vas
significantly lighter colored, significantly more tender and
had significantly higher water retention values at 1% months
of age than at 12 soaths of age. Glucose was significantly
higher at 12 months of aqe'th&n at 13.5 or 15 months of age.
Glycoqen,‘transiission and s24-honr pH showed no significant
differences betveen-ages. Heaﬁ fro- Shorthorn bulls becane.
significantly tougher between 12 and 13.5 months of age as
measured by Warner—-Bratzler shear but not taste panel.

Glucose vas significantly higher at 12 lonths.of age than at
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13.5 or 15 months of age. Water retention was sigpificantly
higher at 15 months of age than at 13.5 months of age. No
siqnificant differences vere found for.reflectance, 2i-hour

pH, transmission or glycogen.

Ranking of the three sex-breed groups in terms of the
proportion Wwith 2u-hour PpH values greater ‘than 5.7 (a
criterion for dark cutting beef, . Webb et al. 1967) was

crossbred bulls greater than Shorthorn ‘bulls which vere

<

: ‘ .
greater than crossbred steers. the crossbred bulls -and

steers vhich were group fed and subjected to 2 one-half hour
_;ruck haul to the packing plant /had 53.5 and 16.5 percent of

£

carcasses exceeding PH 5.7 respectively. The Shorthorn
bulls, individually fed, mixed during shipping anad subjected

to a seven hour truck taul to the pacﬁinq- plant had 30.4

percent.exceeding pH 5.7.

Correlations £0T Zu—houx!ﬂ with several muscle
properties (Table 8) vl¥re generally similar for the two bull
group® while steers invariably gave lower correlatiomns. The
bull-steer differences wvwere particularly evident for wvater
retention (0.8 ¥vs 0.1) and transmission value (0.7 vs 0.3).
The highest correlations with glycogeﬁ (-0.37)} glucose (-
0.53), shear (-0.55) and taste panel.tenderness (.69) were>
observed for the crossbred bulls; This group also exhibited
the highest average pH at 24-hours and the:greatest-variance

jmn this trait (Table 4). The association between pH and
P .

—



TABLE 8.

s i
SIMPLE_CORRELATIONS AMONG 24-HOUR pH DETERMINATIONS
AND OTHER MUSCLE PROPERTIES OF THE LONGISSIMUS

DORSI MUSCLE

. Shorthorn CrossMred
Bulls Bulls Stéers
N = 148 N =173 N = 164"
Reflectance (%) _ .74 ’ 77 .57
Watér Retention (%) .82 ' .86 .10
fransmission (2) ;.74 -.67 -.34
Glucose (ug/g) -.21 -.53 -.06
Glycogen (mg/qg) -:24 -.37 -.20
Taste Panel Tendernéss1 .23 . .69 ~-.07
Warner Bratzler Sﬁéarz -;12 -.55 . -14

Taste panel tendernéss was measured by means of a
descriptive scale running from 1 to 9 with 1 being
very tough and 9 being very tender.

Warner-Bratzler shear was measured.on a linear scale

running from 0 to 100 with 100 representing 13000 grams '

of force to shear a 2 centimeter diameter core.

35
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several .characteristics measured on the LD is illustrated in
Tablé 9 for crossbred bulls. As pH increased from 5.5 to
5.0,‘ ;ignifiéént increas;; (P < 0.05) vere recorded in
reflectance (75.0 to 89,3%). and water retention (50.6 to
7010$) with sfbnificant decreasesu(P £ 0.05) in transasission
value (87.8 to 23.9%), glucose (1250 to U415 ug/g of tissue)
~and inbglydoéen (0.714 to 0.059 mg/q of tiséue). ‘Tenderness
as -easuredi by panel score and Warner-Bratzler shear
\increased significantly above pH range 6.3-6.4 and 6.5-6.6

respectively (Table 10). Below these pH ranges no

significant Adifferences 1in tenderness were observed in

subjective. (taste panel) scores oOr .objective {(Varner-
Bratzler) shea: values. - Correlations between panel score
and Warner-Bratzler shear were -0.76, -0.64 and -0.67 Ffor

crossbred Mbulls; Shorthorn bulls and érossbred _steaers,

respectively (Table 11). Correlations of Varner-Bratzler

shear and taste panel tenderness with quality prdperties

O

vere similar for Shorthorn bulls and crossbred steers with
both groups generélly vgiving lovep, correlations tha;
crossbred bulls. The highest'corfelatiohs with refleétance
(0.45), uaterv retention (0.61) and glucose (O.Qf) vere

o

observed for the crossbred bulls. .

[

j
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TABLE 10. »

MEANS AND STANDARD ERRORS FOR 24-HOUR pH VALUES BY
' PANEL SCORE AND SHEAR FORCE FOR THE
LONGISSIMUS DORSI MUSCLE OF CROSSBRED BULLS.

©

Panel Scofel Warngiggigtzler
. 24-Hour _ ' .Std. std.
pPH Values N Mean Exrror Mean Error «
5.5 — 5.6 42 5.4 0.13 55.4% 2.1
5.7 - 5.8 56 5.42 0.13 56.82 2.2
5.9 — 6.0 21 5.22 0.26 62.42 3.6
6.1 - 6.2 12 5.6 - 0.40 60.4% 4.5
6.3 — 6.4 8 5.82 0.34 52.42P 5.1
6.5 — 6.6 13 6.8° 0.33  41.4° 3.3
6.7 - 6.8 10 8.1°  o0.18 29.3° 1.4
6.9 — 7.0 10 8.3 0.12 23.59 1.3

— =

a-d Means in the same column with different superscripts
: ~are significantly different (P<0.05) : :

1 Taste panel tenderness was measured by means of a
descriptive scale running from 1 to 9 with 1 being
very tough and 9 being very tender.

2 warner-Bratzler shear was measured on a linear scale
running from 0 to 100 with 100 representing 13000 -
grams of force to shear a 2 centimeter diameter core.

38



| | TABLE 11.

SIMPLE CORRELATIONS AMONG TENDERNESS EVALUATIONS AND

. OTHER MUSCLE PROPERTIES.OF THE LONG}SSiMUS ‘ v
DORSI
Shorthorn Crossbred
Bulls Bulls Steers

N =148 ‘ N = 173 N = 164

Shear? Panel! Shear? Panell! Shear? Panel!l

Taste Panel

Tenderness! -.64 -.76 -.67
Reflectance (%) .14 -.04 -.17 .45 .21 -.23
Water

Retention (%) -.14 .27 -.45 .61 .04 .97
Transmission (%) -.03 -.06 .22 -.34 -.38 .22
Glucose (ug/qg) -.10 .01 ;26 -.42 .12 ~-.14
Glycogen (mg/g) ~-.19 .04 -.10 -.10 =-.22 .05

Taste panel tenderness was mgasured by means of a descriptive .

Scale running from 1 to 9 with 1 being very tough and 9
being very tender.

Warner-Bratzler shear was measured on a linear._ scale running
from 0 to 100 with 100 representing 13000 grams of force to
shear a 2 centimeter diameter core.

<
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Y 5. DISCUSSICN

park cutting (high pH) beef is considefed undesirable
becau;e it detracts froa uniformity of product appeaténce in
retail display counters. Further, consumers tend to
associate dark color with staleness of \product. Thus,,
vhether or not the reasons are valid in terms of actual
eating quality, meat color is designated as” an important
criterion of quality in grading and nerchandising of beeft.

For this reason it is of considerable importance to identify
the causes of high pH beef and to point the way toward pre-
and/or post-slaughter procedures to minimize the incidence

of dark'cutters.

It has been postulated that high pH beef is caused Dby
stress - conditions which in some animals may result in: (1)
prolonged release of adrenalin; and (2) establishment of low
1evel§ of muscle glycogen (Laurié 1966) . Further, the
chromic release of’adrenaLiﬁ into the circulation in stress
susceptible anisals has been postulated to achieve its
effect on muscle glycogen stores by stimulation oOf
phosphorylase b to.phOSphotylase a (Krebs and Fischer, 1955;
Ashmore et al. 1971) thus depleting glycogen by promoting
.lactic acid production in vivo in preference to
mitochondrial respiration. Experimentally the production of
dark cutting peef by subcutaneous administration of

adrenalin has Dbeen prevented by using beta-adrenergic
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blocking nqendﬁﬁﬂvhich act at the cell wmembrane beta-

adrenergic receptor sites (Ashmore et al. 1973) .

Pre~slaughter handling procedurés represent one source
of ante-morten stress which influences 'post-mortem chapqes
in the carcass and some of the factors involved have been
well documented (Hedrick 1965; Martin et al. 1971b; Mmartin
and Predeen, 1974; Fredeen et al.” 1974). Fredeen et al.
(1974) reported that a long period of pre-slaughter stress
associated with transport to slaughter (7 hours) resulted in
higher 24-hour pH, increased tenderness and darker meat
color in crossbred bulls relative to straight Qred Hereford

steers subijected to the same transport conditions.

Important sex diféerences in response to pre-slaughter
stress were also observed in the present study. Judging
from differences observed 1in several meat quality traits,-
crossbred bulls were much more susceptible to ante-nortén
handling and transportation (1 hour) stresses than steeté of
the same breeding and age_subjected to the same feeding and
pre-slaughter management. It was also observed that
purebred Shorthorn bulls vhich were presumably subjected to
mach greater trénsportation stress (7 hours) immediately
pre-slaughter were intermediate in stress SUSceptibility to
the crossbred bulls and steers. * Using the «criterion of
"dark cutting"® proposed by Webb et al. 1967 (pH greater

than 5.7), the proportion of dark cutters in each group was
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&
53.5% for crossbred bulls, 30.4% for Shorthorn bulls and
16.5% for crossbred steers. The difference in percént darck
cutting beef between the two bull groups may indicate a
difference in stress susceptib&lity and/or response betysen

the crosses and straight breeds.

For examination of the post-mortem changes which
occurred in meat characteristics it is nést‘ informative to
direct attention to the group exhibiting the qfeatest range
of response to pre-slaughter conditioms (i.e. crosébted
bullsi. For £his group, 20-hour pH vas highly correlated
with meat color (.77), water retention (.86), transmission
(-.€67), shear (-.55), subjective tenderness score (.69),
glucose (-.53) and glyocgen (-.37). Thus as 24-hour pH
increased (from 5.5 to 7.0) wmeat ‘color darkened, water
retention and tenderness increased, transmission decreased

.
and residual levels of glucose and glycogen decreased.

Responses &to pH change over the range vas reasonably
linear for reflectance, water retention, and transsission

value but not linear for glucose or glycogen (Figure 1).

As noted from Pigure 2, Warner-Bratzler shear force
measures tend2d to increase in the pH range 5.5 to 6.2 but
reduced rapidly And in a linear fashion after pH 6.2 to a
lov value of 23.5 at pH 7.0. Thus ¢the correlation of

Warner-Bratzler shear with pH (-.55) wvould have been
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markedly increased had analyses been restricted to carcasses
with 24-hour pH of 6.2 or greater. Tenderness of LD fronm

steers and Shorthornﬁﬂbuﬁls in relation to 2U4-hour pH
J\g : . .

followed essentially the (same %attern as the «crossbred
bulls. Invview‘of these curviiinear relationsbipsfna single
correlation 1is inadequate to describe the pH—teqderness
relationship§. It should also be noted that only 7 steers
had 2uipour pH greater than 6.2 while 13 Shorthorns and 41
crossbred bulls were in this category.

Estimates of glycogen and glucose in the tissue, and
all measures of quality, were bas;d on samples taken € 3ays
pdst—mortém. The deqree to which the chémlcdl constituents
may have changed from 24-hour post-mortem (vhen pH was
\recorded) or from immediate pfe-slaughter levels cannot Dbe
doéumeQng‘ from this study. However, Lawrie (1966)- has
rgported that glycoqeé depletion associated cwith ;stress
occurs pre—Slauggter‘ Thus fhe muscle tissue of a stressed
a;imal at the time of slaughter may exhibit 1low glycern,
low vélucose and high pH because of decreased lactic acid
content. Water retention of such muscle‘vvould also be
*increased since, as reportediby Bouton etlal. (1957)  the

o

iso-electric point of many muscle proteins is ypH 5.5 with

increased water binding capacity at higher pH levels.
From results obtained in this study it is clear that

v -
pre-slaughter stress did cause dgfietiOn of the primary
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post-mortem énergy reserve (glycogen) with an incteasi‘in PH
and its subsequent effects on water retention, transmissiaon,
and other measures of meat qualiiy. However, the data would
Support the conclusion that quality changes including color
and tendergess are uhlikely to be of real imporfance unless
PH is 6.2 or greater. This suggests that. the arbitfary cut-
off of ' pH 5.7 suggested by Webb et al. (1967) for
class1fy1ng dark cuttets 1s probably too low. IfF 3 cut-off
of 6.1 is applied to the present data,, 31:2% of the
crossbred bulls, 7% of the Crossbred .steers and 10.3% of the
Shorthorn bulls would have been considereqd hiqh pH or dgfk

cutting.

No 51gn1f1cant age effects were foundg for meat quality
traits for crossbred buylls (Table 59, In earlier work,
Martin et al. (1971b) observed that.pre—slauqhter stress
had a larger effect omn young (13 month) vs older (iS nonth)
croésbred bulls. ‘In theitr study, however, the transport -
time vas 7 hours compared with 1 hour for crossbred bulls in
the present study and the proportion of animals exhibiting
strdﬁs was Euch lower. Significant age effects on meat
'~quality were found for the crossbred steers (Table 6) and
the J%horthorn bulls (Table 7). However, the quality of the

meat would appear to increase with increase in age rather

than decrease.

The crossbhred bulls were Superior |, in carcass

. . - Ny - v
~ -~ 7 -
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£omposition and chenical eomposition of the longissimus
dorsi"nuSCIe t.o the crossbred steers Vhlch were superlor to

L2

the Shorthorn bulls (Table 1 and 2). Muscle of the primal
cuts as a getcentage of carcass weight averaged 58:8, 54.4
and 51. 9% and total rlb-fat depth averageqd - 2.79, 4.04 andqd
4.67, centrmeters for the érossbred balis crossbred steers
and ~Shorthorr buwlls resﬁectlvely., Correlations between
muscie )of thev primal cuts and ‘24-hour pH and color score
vere low for all sex- breed gronps (Table 3). Correlations

Q b

between total rib-fat and'2u—hoer pH and color vere low for

all seéx-breed groups.f In view of fhese lov relationships it
may be concluded that carcass c'otnp'osiati;n,‘> has little
relationship. to stress- susceptlblllty and the productlon of
cdark beef within this group ofwanimals. Thus selecrion for
1ncreased carcass lean and decreased total rib-fat would

perably not lead to a ~higher incidence of dark cutting

beef. . o

The study' of stress as it#affects near quality is
1nportant in yiew of the results of. this study since the
trend has 'feen toward 1ncreased productlon of entire males
for slaugh;er. , TO prevent undesirable post-norteu
developments in luscle and consequent lowered grades due to

=

, if?QCOIOrh bulls muft be shipped to. the abattoir withéut
de

excitement. Whether or not there are breed or

3

T G
breed cross differences in stress susceptibility remains an

o8
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. 3
open question but there is no doubt that bulls are much more
susceptible than steers. -Why individual aningls,_§exes or
breéds are more susceptible to ante-morten stress and
produce high PpH beef post-mortem may lie in the enzymres or
substrafes of the glycolytic cfcle or in the hormones of the
endobcrine systen. Many q:gstions concerning high pH beef
remain unansiéred and-réquire further research. why is dark
beef ext;elelﬁ ifnder’ What effect does r{gor--oriis, cold
shortenxﬂy a&%q&ag have on datk beef tenderness? Does Z-
line degradation occur with aging of dark beef? Once these
gquestiops are answered perhaps a greater degree of control
of ‘{‘

ndetneés and qual;ty in 'beef could be attained

resulting in a more unifora product for the consumer.

ﬁ’.t



' & ' COP{CLUSION
The primary conciQsiohs drawvn from this study vere:
1. Bulls were found to _be more stress-susceptible than
steers of the sanme géhetic background with the ‘
consequent production of high pH beef.

2. Age effects (i.e. 12 vs 15 nonths) on meat
quality were unimportant.

3. Residual glucose and glycogen in the longis;ilus
aorsi muscle vere lowver in étress susceptible
animals. '

*

4. Carcass coaposition was not shown to influence the
_in;idpnce of high pH beif githin sex-breed groups.

S. As pH increased meat color darkened, wvater
retentio‘zincreased, and transmission decreaséd.
Tendegnessvvas found to increase rapidly-
at pﬂ)values above 6.1.

6. Reselis of this study é@dicate
a pH of grgater than 6;1 could be use@ﬂis an
arbitrary cat-off for classifying dark‘beef

o

from young bulls. . : N
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