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Versuche zur Vermeidung der "Kilteverkiirzung" (cold shortening) beim Rind

GUNILLA JONSSON, STEFAN FABIANSSON, HANNA NILSSON

SchWedisches Fleischforschungsinstitut, Kavlinge, Schweden

Verbesserte Methoden zur Abkiihlung von Fleisch haben zum Auftreten der Kélteverkurzung in bestimmten
Teilen von Rinderschlachtkérpern gefiihrt. Es wurden Methoden zur Vermeidung der Kalteverkirzung studiert.
LanQlSame Abkuhlung unter der Periode pre rigor und Lagerung bei 10°C und 14°C resultierte in gering-
fugig gesenkten Scherwerten bei der Lende ohne einen mikrobiologischen Verderb des Fleisches zu verur-
Sachen. Die Schrumpfung war jedoch wesentlich hoher. Elektrische Stimulans unmittelbar nach Abblutung

Und schneller Abkiihlung sowie eine 4-stindige Verzdégerung bei Zimmertemperatur resultierten in einer
Signifikanten Senkung der Scherwerte. Sowohl die Schrumpfung als auch die mikrobiologischen Daten

haben im Vergleich zu Normalwerten keine Abweichungen aufgewiesen.
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<Xperiments to avoid cold shortening in beef

GUNILLA JONSSON, STEFAN FABIANSSON, HANNA NILSSON

S -
Wedish Meat Research Institute, Kavlinge, Sweden

lmpro"ed methods of chilling meat have led to the development of cold shortening in certain parts of beef
Carcasses. Methods to avoid cold shortening have been studied. Slow chilling rates during the pre-rigor
Periog, storage at 10°C and 14°C, slightly lowered the shear force values of the loin without causing
Tnicr°bia| spoilage of the meat. The shrinkage, however, was considerably higher. Electrical stimulation
Imrnec“ately after exsanguination and a rapid cooling, after a four hours delay in room temperature, re-

S 2 : : :
ulted in 5 significant lowering of the shear force values. The shrinkage and the microbial counts were

Not g .
diverging from normal values.
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Quelques expériences cherchant & éviter le raccourcissement par le froid

GUNILLA JONSSON, STEFAN FABIANSSON, HANNA NILSSON

L Institut Suédois de Recherche sur les Viandes de Boucherie, Kavlinge, Suede

L"amélioration des méthodes de réfrigération de la viande a entrafné un développement de raccourcissement
par le froid dans certaines parties des carcasses de boeuf. On a étudié des méthodes d’éviter le raccour-
cissement d{i au froid. Des vitesses de réfrigération lentes pendant la période pre rigor, un stockage au
10°C et au 14°C ont diminué légérement les valeurs de la résistance de |’échine a la force coupante sans
produire des dégdts microbiens dans la viande. Cependant la perte de poids était considérablement plus

grande.

On entreprit une stimulation électrique immédiatement apreés |”exsanguination, suivie d‘un refroidissement
rapide aprés un délai de quatre heures dans une température ambiante dont il résulta une diminution impor-
tante des valeurs de la résistance a la force coupante. Le rétrécissement et le nombre de microbes ne dé-

viaient pas des valeurs normales.

OKCIEpUMEHTH IO NpEeJOTBPAlleHN® COKpamleHus MAaCCH TOBANWHH M[ON BJAWAHUEM Xononma

T'YHUIUIA OHCCOH, CTE®AH ®ABMAHCCOH, XAHHA HUJIBCCOH

DBenckuii IEHTP MO MCCHELOBAHUK MACOMPOLYKTOB, Yesiunre, llBeuus

YnyumeHue MeTONOB OXJamMIeHHs MsAca MpUBENO K Pa3BUTUO COKPAlEHUS MACCH MOoJ BIHAHUEM
X010fa B HEKOTOPHX YaCTAX TYm KPYNHOrOo pOraToro CKora. Bumn mccreposams MeToms mnpe -
LOTBpAlleHUS COKpaleHns MACCH MfACa MOJ BIMSAHMEM X0nofa. MenneHHHE CHODOCTH OXNamie-
HUS B pre-rigor TNepuMoj, XpaHeHue Mpu 10°C u 14°C cumaumu cnerka moxasaTtenn compo-
TUBJEHNSA Cpesy B NOACHMYHOl yacTM Tymm, He NDUUNHAS NPU ITOM MUKPOGHO! mopum msca.
O@HAKO yCymKa Npu 3TOM OHNA 3HAUMTENHHO BHME. ONEKTpPUUECKAS CTUMYINALUA Cpasy xe
NOCNe UCTEUEHUS KPOBM M OGHCTpPOE OXJamjeHue MOCHE BHAEDHKN B TEUEHHE YETHPEX 4YacOoB
IpX KOMHATHO# TeMmepaType, Laiu B pe3ynbTaTe 3HAUUTENBHOE CHUKEHWE NOKasaTrenei
CONPOTMBIEHKS CPE3y. YCymKa ¥ KOAMYECTBO MUKDPOODPraHU3MOB HE OTKIOHANUCH OT HOpMA-

IBHHX TOKa3aTenei.
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EEEEE}ments to avoid cold shortening in beef
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Fast chilling of beef carcasses immediately post mortem, before the onset of rigor mortis,
has been shown to affect the ultimate tenderness of meat (Newbold & Harris, 1972). Muscle
ShOrtening during this period is the major cause of meat toughness and far outweighs live
animal factors such as breed, age and sex in determining eating quality (Davey, 1969;
Locker et al., 1975) . Pre-rigor meat shortens by early fast chilling - the phenomenon known
38 cold shortening (Locker & Hagyard, 1963) .

The fast chilling methods for beef carcasses were introduced to reduce carcass shrinkage
and microbial growth, but with these chilling methods parts of the carcasses undergo cold
Shortening. To avoid cold shortening the chilling rate must be slowed down (Smith et al.,
1976; Fields et al., 1976) or the rigor mortis process must be hastened by electrical

Stimulation (Carse, 1973; Davey et al., 1976).

The present study was conducted to investigate the effects on shrinkage, bacterial growth
and tenderness of high temperature conditioning or electrical stimulation before chilling
o8 Compared to the normal procedures for chilling beef carcasses.

Yaterials and methods

At the Kristianstad-Blekinge abattoir (KBS) experiments were conducted involving carcasses

from 30 lean steers with the carcass weight ranging between 200 and 300 kg. The carcasses
Were gevided into four different groups. One group was electrically stimulated immediately
after exsanguination with the use of four electrodes, one for each back leg and one on
®ach side of the neck. The stimulation continued for 4 minutes with half wave rectified

Sinusoidal 50V pulses, 50 pulses - sec_l. The polarity was reversed every half minute.

All the carcasses were dressed and sawn into sides according to normal commercial practice.
ghil}ing procedure

Four different chilling procedures were compared.

The KBS commercial chilling procedure was applied to 6 carcasses. The carcasses were chilled
- = for 4 hours before transferring to +2°C for a further 24 hours.

High temperature conditioning was applied to 18 carcasses. Twelve carcasses were conditioned
3t +10°C and six carcasses at +14°C respectively until the pH reached 5.7 (7 - 8 hours).

The temperature was then gradually lowered to +2°C and the carcasses were kept in the

e
O0lers for a further 24 hours.

i Six electrically stimulated carcasses Wwere kept in ambient temperature until the pH
“Sacheq 5.7 (4 hours) and then treated according to the commercial procedure.
T ) . #
he Cooling procedures are graphically visualized in figure 1.
s N (o]
R humidity in the coolers was kept at 80%. The air velocity was 5 m/s in the -2 C-cooler

by 0.5 m/s in the +2°C-cooler. After chilling the meat was cut, vacuum packed and kept

in o
+27C for 14 days.

Kristianstad-Blekinge Slakterifdrening, Box 568, §-291 25 Kristianstad, Sweden.
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Measurements

Temperatures were recorded continuously on a multipoint temperature recorder (Chessell)

with copper-constantan thermocouples in longissimus dorsi (at a point opposite the third
lumbar vertebra) at a depth of 2 cm, in triceps brachii at 1.5 cm and in biceps femoris

at 1.5, 4 and 8 cm depth.

A Metrohm pH Meter E 488 with a combined probe electrode (EA 152) was used to record pH
changes. Measurements were made directly by inserting the electrode into the carcass

close to the temperature measurement sites.

The evaporative losses during chilling were measured by weighing the carcasses before and

after chilling.

Shear force values of the loin were determined by the use of a Warner-Bratzler apparatus-

¢
The technique used was described by Szcesniak & Torgeson (1965) with modifications descri?
by Lundstrdm et al. (1977).

For bacteriological analysis surface samples were collected by the use of a borer 20 mm

in diameter. The bore samples were shaken in sterile peptone water according to the pro-
cedure described by Nickels et al. (1976). The bacteriological analysis included deter-

mination of total plate count (Tryptone Glucose Extract Agar at +30°C for 3 days) and cold’

form organisms (Violet Red Bile Agar at +37°C for 1 day) .

Results and Discussion

Longissimus dorsi, a muscle easy to chill, showed the slowest drop in pH of the muscles
tested. This muscle therefore seemed to be the most interesting in respect of fast chilliﬁ
and the occurrence of cold shortening. The temperature-pH decline in longissimus dorsi i$
illustrated in figures 2 to 5. The commercial chilling method showed the prerequisite
conditions for cold shortening to appear (pH > 5.7, temperature < lOOC, Bendall, 1974) in
longissimus dorsi at the location measured. The high temperature conditioning hastened

the pH-decline, but the most rapid drop in pH was obtained after electrical stimulation.
The latter depended partly on the immediate response of stimulation giving a 0.40 unit
pH-drop but also on the initial slow chilling and the faster rate of pH-decline (dpH/dt)
described after cessation of the stimulation (Chrystall & Devine, 1978). All the experime’

tal procedures precluded the occurence of cold shortening conditions.

The normal mean shrinkage at KBS using the commercial chilling procedure was 1.3 weight %
in one day. The electrically stimulated sides showed only a slightly elevated shrinkage up
to 1.4 weight %. With the two high temperature conditioning methods the carcasses had to
be chilled for at least 1.5 days to reach the necessary temperature of 8°C in the deeper

parts and the evaporative losses increased to 2.2% and 2.5% respectively.

The bacteriological results are shown in table 1. All the treatments showed acceptable
bacteriological results and no coliforms were detected. This is in agreement with the

results of ohter workers (Braathen, 1971; Glover et al., LT 1) s

The results of the shear force determinations are also presented in table 1.




TempVC) pH TempVC) pH
7. 7
40] /\ 0 40} B’ 0
20 5 60 20 60
o \‘5““0———0———0—___. 0:
B0 e 50

T T v T y T T T T T

10 20 80 40 Chillingtime(h) 10 20 30 40
TempPC) pH Temp (°C) pH

40} C 70 40} D 70

>3

20&\ b \%\ -xs.o
e 50 0 T | 0

T T T T T T

o 20 30 40 Chillingtime(h) 10 20 30 40

Figures 2-5. The temperature and pH decline in longissimus dorsi
after four different chilling treatments. A = commercial treatment,

B = conditioning in +10°C, C = electrical stimulation, D = condition-
ing in 294Sch Temperature e——@ , pPH »—X% cold shortening

conditions e-—m .

Eﬁilliﬂﬂ_iﬁééﬁﬂgﬂﬁ Bacterial counts in logaritms Shear force values (1b)
total plate count/cm2 (mean and standard deviation)

neck sirloin Before chilling After chilling After ageing
Commercial chilling 3.25-4.85 <2.00-3.46 7.15 £ 0.98 5.78 = 0.42 3.82 £ 0.74
Conditioning +10°C 2.30-4.39  <2.00-2.90 7.01 2 1.21 6.09 = 1.07 3.37 £ 0.65
Conditioning +14°C 2.73-3.88  2.25-3.38 6.32 = 1.89 5.60 = 0.85 3.25 % 0.61

+

Electrical stimulation  <2.00-4.69  <2.00-2.25 - 6.17  0.21 2.58 = 0.27

T s . . .
‘EElS Bacterial surface counts after completion of the chilling period of the four different
carcass treatments and shear force determinations of samples from longissimus dorsi

with Warner-Bratzler apparatus.

Th

€ best results were obtained after electrical stimulation and the difference between

Coj A

(PmmerClally treated and electrically stimulated carcasses was statistically significant
< 0.01). pifferences between high temperature conditioned and commercially treated

Car
Casses were not significant.

Ear) y
o lier comparisons at KBS between test panel ratings and shear force determinations have
OWn that shear force values below 3 arbitrary units are fully acceptable. The only samples

th
1 at after a 14 days” ageing period show mean shear force values below 3 are the electrical-
Y stimulated.

Sin
th Ce all the experimental procedures prevented the occurence of cold shortening,
e
. better tenderization effects achieved by electrical stimulation cannot only be
X :
Plaineq by the precludence of this phenomenon. smith et al. (1977) suggested that the
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rapid decrease in muscle pH after electrical stimulation enhanced autolytic proteolysis.

This could be a possible explanation of the results obtained.

The conclusions of the investigation are that the electrical stimulation was the best
method of the treatments tested in producing tender beef of good microbiological quality

without high evaporative losses.
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