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Mtf;imlhcry report of an investigation into dark-cutting beef in an Irish meat plant is presented. The
bsmeene PH (pH g was measured in 2,261 besf carcases over a period of eight months.  The relation

the PH “and season, breed, sex and muscle was examined.
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Prme s big increass in the percentage of carcases with high pH during the Deriod}AUgust to December.
@rﬁcui 9nd after this period, less than three percent of carcases were offgcted. High pHU was observed
Wmhmmburly in the 1. dorsi (loin) and three muscles of the round, semitendinosus, adductor and
E§§§\535929%$§- Other muscles were not affected by high pH , these included five forequarter muscles,

—lor illet) and biceps femoris (outside round). ¥
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lund " Preliminaire sur des recherches faites sur le boeuf & coupe sombre dans une usine de viande
Qig / i R S
Moig ® est soumis. Le pH final (pH ) a &été mesuré sur 226l boeufs abattus sur une periode de huit
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9Pport entre le pH et la saison, la race, le sexe et le muscle a ete examine,
]

g Une augmentati i tante d centage de betes a pH elevé au cours de la periode allant

V] qQ 3 " ation J.mpor\cm e 9] pC/)Ur e g - > S . P v b/e\t /t : , Orf »
U”pH 81 ? em%re_ Avant et aprés cette période, moins de trois pour cent des es etaient af eCTeeS.
%e ;it evé 9 &té particuliérement observé dans le l.dorsi (aloyau) et trois musilis de la sous-noix,
Ql;;;\giii%ﬂgiﬂi, 1'adductor et le semimembranosus. D'autres muscles n'ont ?Gs ete foéctes par le pH/
ex€rieure)l tesquels cing muscles antérieurs, le psoas major (filet) et le biceps femoris (tranche grasse
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DAS AUFTRETEN VON DUNKEL SCHNEIDENDEM RINDFLEISCH

P V TARRANT

Meat Research Department ricultural Institute, Castleknock, Co Dublin, Ireland
X ’ > ’ s

Unterbreitung eines vorlaufigen Berichtes einer Untersuchung uber dunkel schneidend
Irischen Fleischfabrik., Der End-pH (pH_ ) - Wert worde bei 2261 Rinderkadavern ub
acht Monaten gemessen, Untersucht wurde die Beziehung zwischen pH —&f—“‘t und Jahr
Geschlecht und Muskel.

: 2 Yl . = ’s = P &
Wahrend des Zeitraumes August bis Dezember erhohte sich der Anteil von Kadavern mit hohem pH

39 " - o . - . 5 M i 2 i
betrachtlich, Vor und nach diesem Zeitraum waren weniger als drei Prozent der Kadaver bet:
hoher pH -Wert wurde vor allem im 1. Dorsi (Lende) und in den drei Muskeln der Keule, |

Adduktor und Semimembranosus b"ooa.chtet Ardere Muskeln waren van dem hohen pH -t
So U.a, funf Vorderviertelmuskeln, Psoas major Filet) und Biceps femoris \au.Bera Rindskeule).

[0ABIEHAE TOBHJiMHN TEMHOIO LBETA

l.Q-JAPfHJﬁ
Arponomuueckuit UcTuTyT, OTmen lccaegnoBanus Msca, HacuHok,lly6nux, Upnanpus

B npenBapuUTeIbHOM COOOmEHUM INpEeACTaBlIeHH HaHHHE 06 ucciaenosa
TEMHOI'O IJBeTa U MNpOBEIEHHOM Ha MSCHOM 3aBOl€ B HDHJHHHM.B

1 rossaxbei

IIPOBOIMIOCH M3MEpPpEeHUE KOHEeUHOI'O pH ( pHu) B «
. ep P

MEeHue Mexny pﬂw; ! BpeMeHeM roja, Hnopono#, MACOM U MHIIIAMHA.

yCT&HOBHeHO, UTO 3HAUUTEJbHOE IOBHMEHKE INPOLEeHTa Tyll C BHCOKHM P.du mpoucxonuT E

Cc aBrycTra IO Iekabps. B TeueHMe BpeMeHU [0 ¥ IOCJHE 3TOTO NEpUOfa OKasainoch 3aTPOR)
MHmax CCE

>HHO B L.dorsiy B T

MeHblle yeM 3 7% Tym. Bucoxoe p Hu HaOIDAEETCA 0CO0

roBSOUHN Semitendinosus, adduktor, seminembranasus.

HApyrue MHIIH He OHJIM 3aTPOHYTH BHCOKUM WH‘;, BHJIDuUasad cpga OATH MH
J PUH) Pu
i

1S ( BHEmMHMI CCEK T'OBALUHH ).

psoas major ( QPune )
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S OCCWRRENCE OF DARKCUTTING BEEF

"V, Targayy

o ReseorCh Department, Agricultural Institute, Castleknock, Co Dublin, Ireland

INTRODUCTIor\

i tible
t r~cutting (dark, firm dry) beef is undesirable because it has an anormcl co}our z;d 1;U:2;ztzzsiazdriCk
13 9Cteriql ¢ oil; thén normal beef. The aetiology of the condition hgs beig gQ;odZ e R 2
mii; .Uwrie,pl958 ecnd some estimates of the incidence ofdtheecg?dé;lg: tz:estezr kill: T
BHEs i lant gave an average incidenc 4

zim”Te”Celz: :ﬁeofgigcggzznzegzdp832re?1, 1966). In the USA dark-cutting was also observed more

“Wently in the fall, following first frosts (Hall et al 1944).

e

Th
higth and ¢o

ti = ik
lOUI o eat are ClOSEly rela ted. e 1imm G’dlﬂte cause O dark-cutti g1l bee is an abnorma y
t Q Ate

: i hter (Hall
pH (pHy), caused by a deficiency of glycogen in the muscle ut t286tiﬁg 2il;iiugf bee$ i
is b 2%;  Lawrie 1958: Hedrick, 1958). At normal pHu values of 5.4 to 6.8 it is purplish black
(H br%ght cherry red, at 5.8 the colour is 'shady' or dark red and at 6.2 to 6. ter at 2 high pHu than at
ﬂfdrlck, l958§y eTé oté of oxygen consumption by muscle mitochondria is greate Tebin Lo piutll dborendi
ine ormal pH, (Lc o r1958- Ashmore et al 1972) and the surface layer of OXYEYOQerker co%our.
Hhe Case of higzréa,beef ,cousing an increased concentration of myoglobin and a
; i when
Dipletion of muscle glycogen can be caused by ante-mortem stress. In the USA,sdiikgzz‘;122driiu;i2ejoys
“ier; Normally g cg {omzd to favourable conditions, were sub]ected.tO_rlQOf?z ni v Dh 5 atiamet ot
o oive 6 (HeL1 ot of 1943, drk-cutring olo resulted ofter periodic ®(1956) observed that 28 days
Ns°§ren°li”e injection (Hedriék 1958). In Australia, Howard and Lawrie laughtered in an excited
Cot%ng ond 17 hi enforced exercise failed to raise the pHu, although steers s 0 gosionully the carcases
ndltion Oft;r 1 . d train journeys had a high pHu in the psoas musc%e. tCC P whgch b
dep) oL fe and protogget xS hué a high pHu; this was attributed to e OEHOWGrd and Lawrie, 1956).
of gl zes s zives‘ perhaps by short-range muscular tension orbtfizoihcn ot Sl i et Pt
(F M Eiyhogen resrtion’of dark-cutting has been obserYed in young i G Al
bred en et o1 gher propo 1 1973: Riordan 1973) ond this was attribute
ulls o £ 1974 ; Fell et a ;

to o more excitable temperament (Fell et al 1973).

lon

incidence of dark-cutting
P i i1li laughtered annually. The incidet ot
b Repub 1 llion cattle are slaug e : e itith wmy be
éif has EotléZezfiiiZiiszQZEUtcltE;ugh it has been suggested in the 1nguiﬁzyi:23§encz Ak b
qme prevule”t in the uutgmn t%an in other seasons. In the present w$r h:
9 STristics of dark-cutting carcases were investigated at a large factory.

i a lurge factory.

iq?%m SAmples of heef carcases were taken at intervals of two weeks, Fir‘?lgzt moz;iséhztccttlegwere Y
slqtﬂl of 2261 carcases were taken, 90% were from steers and 10% from heife 18 oaliih ot Gl sikes ol
59U9htered by the K i ethod and chilled by normal factory procedures..l ble for pH measurements.

0 2 curcuse: Ziczgtmon December 22nd when only 32 carcases were availd &
The . 3 iploin and shoulder, as it was felt

PHy was i 1y 48 hr post mortem in the round, ftrlp o & ahtire cargasel
ﬂmt 9 sing eezzzzed - ingzilﬁazeqiortering point would not udequcte;yhreprezzzibicnoSUS and the triceps

m??surements w:izngde at the 1. dorsi at the 3rd lumbar vertebra, téeosi: o T ol coneidared
to |, 1, Caput laterale Carcases with a pHu equal to or greater thaq %h Bl tant of degkicutting
Wuse Ork—cyuttin (M nns ‘and Burrell, 1966; Fredeen et al 1924) and in te B Lt i bon
@prdetermined b gme0: ring the pHu in seven hindquarter and Flve.foreqzor eEs (outsiée Sy oo
NSMfS Nting q lzr e Zrt gf the carcase, viz: semitendinosus, biceps 'emoztenderloin)i 1. dorsi (strip-
lQhS? OSus, 0dduc%orp(inside round); gluteus medius (bUtF)7 ps?ci ZElzgnder) and longus colli. Fewer
ngUlés riceps, trapezius, infraspinatus (clod); supraspinatus (chu

r a 1lab £ h f h f nt remove ige] the carcases withi
0 i e Tor equad T ved f h
va the torequ rters because t ey were reque y

Th g A Radiometer
: into the carcase. adio
i i i be-type electrode 1nto
Ekﬁe meqsuiizints we;g mgdelszti;gicEGénzgéflgg 3gsou223.e ¥ﬁe mgter wa: colébrgtgd using standard
e pH 6.500§3m41880n3 was checked at intervals during use with buffer p eDe
ATRN
Th

5.§0me°” pHU

Q Q 5 Qer n the dOrSJ ‘FOI’ a carca X 8‘/’0 f l a W i e X ge
d . 5 T 1 . i d . of tae v lues were 1 A a :
)i 7! i rcases was 5.65 an n h
Q d S S Wer\(/i )' ere were 135 carcases (5.;:7“) wit ;'DHu.vglues yﬂt 6.0 cnd above l. the . dorsi
i3 i o ea U was signi ica tl lower 1 the semime branosus
igl’] 1f3: ClQ ssi ied as dork cuttlng e P!

i i Also, there were fewer values
g icantly higher in the triceps than in the 1. dorsi (Table 1). ,
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at and above pH 6.0 in the semimembranosus (2.52%) and triceps (2.38%) than in the 1. dorsi.

¢
The percentage of dark-cutting carcases in each sample is shown in Figure 1 for the period June 1975 to Hax
1976. The incidence of dark-cutting was high in the autumn and winter (mid-August to mid-January)
averaging 9.2% with a range of 3.3% to 21.9%. The incidence was much lower for the remainder of the p
studied, averaging 2.2% from mid-June to mid-August and averaging 0.9% from mid-January to March and the
range during these two periods was also much smaller (0 to 2.7%).

efiod

A high pHu did not occur in all the muscles of dark-cutting carcases but was largely confined to certolntin
characteristic muscles in the hindquarter. In Table 2 the mean pHu values in twelve muscles of dark=cV usle?5
carcases are shown, values from normal heifers killed at the laboratory are shown for comparison. ! Er“'
with the highest pHu values were the 1. dorsi (6.37), semitendinosus (6.37), adductor (6.00) and semimem
osus (5.99). The gluteus medius was also significantly higher than in normal beef, while the psoas major
and the biceps femoris showed no significant increase in pHu compared to normal beef.| In the forequarte htly
muscles the differences between dark-cutting and normal carcases were quite small, The mean pHu was ® re
though -significantly higher in the trapezius, supraspinatus and longus colli of the dark-cutters, but Jcheo
was no significant difference in the infraspinatus or triceps (2.4% of all carcases had pH values above
in the triceps (Table 1) but the majority of these were not dark cutters).

90% from steers, while 9% of the dark-cutting carcases were from heifers and 91% were from steers. i
pHu was lower for heifers than for steers in the semimembranosus (5.56 and 5.58 respectively, p< 0.05) Ut,
1. dorsi (5.63 and 5.65 respectively, p< 0.1) whereas it was higher in the triceps (5.74 and 5.69 respe‘

y d
The sex of the cattle had little effect on dark-cutting, 10% of all carcases examined were from heifer?eo:wﬂ
d |
ively, p<0.02). ‘

Sufficient data are not yet available for an accurate analysis of breed influence on pHu and dark-cutting’

although the results available so far do not suggest any major influence.

DISCUSSION

Preliminary results for the period June to February gave an average incidence of dark-cutting carcases OZY
5.97%. Due to a pronounced seasonal increase within the period examined the average yearly incidence i e
be somewhat lower. The large increase in dark-cutting in the autumn and winter would be expected tO S ean
meat quality problems. A high incidence of dark-cutting was also encountered in the fall in North Amé )
and was thought to be related to the onset of the first frosts (Hall et al 1944; Munns and Burrell, 1 Augﬁt
The present increase was not caused by the stress of harsh weather because conditions were mild dul’lngd not
and September and practically no frost was recorded by the meteorological service until mid-October alt
until the beginning of November in the vicinity of the factory. The onset of cooler weather cannot
discounted as a source of stress but it is likely that other factors were also involved.

. dv
The ability of cattle to withstand ordinary pre-slaughter stress may be lower in the autumn and wlﬂtei; has
a general reduction in tissue glycogen reserves at that time. = A seasonal variation in glycogen leve ocC
been observed in some laboratory animals (Pessacq and Gagliardino, 1975; Gourley et al 1969) and may $4ive
cattle. Also tissue glycogen levels in cattle may be reduced by the decline in the quantity Ond ”Utrosoml
content of grass in the autumn (Corbett et al l966§ and by the change to winter feeding. Possible s€
variations in bovine glycogen levels are being investigated at this laboratory.

Of some value in determining the cause of dark-cutting may be the observation that high pHu is SP?ClT%C otk
associated with certain muscles, particularly the semitendinosus and 1. dorsi, whereas other muscles 10 :
cutters, such as the psoas and biceps femoris, are practically always normal. High pHu is cguse@ 5§)' T
deficiency of glycogen due to antemortem glycogenolysis (Hall et al 1944; Lawrie 1958; Hedrick l? ity in
glycogen reserves in the affected muscles may be reduced or eliminated by specific contractile actiVi™
these muscles before slaughter. Alternatively, the glycogen reserves of the affected muscles may be 1t :
labile under the hormonal influences and anaerobic conditions associated with pre-slaughter stresse

important to determine why these muscles are specifically affected.

The association of high pHu with certain muscles in dark-cutters is also of interest to meat processoﬁiay
Beef with a high pHu is unsuitable for vacuum packaging because of increased bacterial growth and 5?0185
(Johnson, 19743. In carcases which are dark-cutting at the quartering-point, many of the major ®U°C
may have normal pH values and be suitable for packaging. The muscles with a high pHu have a better duct®

water-holding capacity (Hamm, 1974) and are suitable for processing into comminuted or cooked meat P
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TABLE 1, MEAN pHU VALUES IN THREE MUSCLES OF FACTORY-KILLED STEERS AND HEIFERS

MUscle

L. dorsi
Semimembranosus

triceps brachii

Mean pHU

5.65)

558!

5.69

1+

1+

¥ os.e. (N)

0.004 (2261)

0.003 (2261)

¥ 0.005 ( 712)

Percent 2 6.0

597
2,52

2,38

The differences between the means are all significant at the 0.1% level of probability.
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THE INCIDENCE OF DARK-CUTTING BEEF CARCASES

LA

R 22z
Dttt

Dec.

NI,

Z

. F

L iz

%,
w!

>

1 1 [ 4
Feb. March
1976

The percentage of carcases per sample with a pHy at and above 6.0 in the 1. dorsi.
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TABLE 2. A COMPARISON OF THE pHu IN TWELVE MUSCLES OF DARK-CUTTING AND NORMAL BEEF CARCASES

Dark-cutting beef Normal beef Mean Signiflcance
+ difference of difference

mean = s.e. (N) mean = s.e. (N)
hindquarter:
1. dorsi (striploin) 6.37 £ 0.02 (145 5.66 £ 0,01 (14 0.71 52
semitendinosus (outside round) 6.37 ¥ 0,03 (106 5580001 (50 0.79 o
adductor (inside round 6.00 £ 0.03 (110 5,61. 50,02 ( " 0.39 i
semimembranosus (" 5.99 0,03 (145 5.55 £ 0,02 ( " 0.45 s
gluteus medius (butt) 5.85 £ 0,03 ( 82 5.59 £ 0,02 ( " 0.26 32
psoas major (tenderloin) 5.69 ¥ 0.02 (107 5616502020 ¢ 0.08 N.Se
biceps femoris (outside round)  5.68 ¥ 0,02 (106) . 5.60 Z0.01 ( " 0.08 N.S.
forequarter: ¥
trapezius (clod) 5.93 £0.03 ( 22 5.0 = 008 » 0.23 ey
supraspinatus (chuck tender) 5.89 0,03 ( 27 5,74 0.02 (7 0.15 e
infraspinatus (clod 5.85 % 0.03 ( 27 5.85 £ 0,03 ( " 0.00 N.5.
triceps n 5.78 £ 0.02 ( 50 8.73 0008 ( " 0.05 N.S.
longus colli 6.07 £0.04 ( 22 5.93 £ 0.04 ( " 0.14 $

i = significant at 5% level of probability
iy = significant at 1% level of probability
*¥%  _ significant at 0.1% level of probability
N.S. = not significant
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