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Elektrische Stimulierung, Kiuhlung und folgend Fleischqualitit

BRIAN B. CHRYSTALL

Meat Industry Research Institute of New Zealand (Inc.), Hamilton, New Zealand

Es werden Methoden der elektrischen Stimulierung fliir Lamm - und Rindfleisch beschrieben
im Hinblick auf Voltspannung, Schwingungshgufigkeit, Zeit und nachfolgeude Verarbeitung.
Das Endprodukt der Fleischverarbeitung im Neuseeland wird gefroren. Die GewHdhrleistung

Von Fleischzartheit hingt natlirlicherweise von den Verarbeitungsmethoden ab.

Stimulierungsmethoden fir Lammfleisch werden beschrieben die entweder unmittelbar nach
dem Schlachtvorgang oder est nach der Zubereitung des Schlachtkgrpers angewendet werden
kg“nen. Ausserdem werden die Behandlung nach der Stimulierung sowie das Gefrieren in
Bezug auf die Fleischzartheit diskutOrt. Fur Rindfleisch werden dhnliche Methoden

beSchrieben.
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€Ctrical stimulation, refrigeration and subsequent meat quality

B
RIAN B. CHRYSTALL

Me
2t Industry Research Institute of New Zealand (Inc.), Hamilton, New Zealand

Th . -
© development of electrical stimulation procedures for lamb and beef is discussed
wi 5

th Tespect to voltages, pulse frequency, timing and subsequent processing. In
Ne

¥ Zealand the end-point of processing is the frozen product and this affects the

de ) - : i
8Tee to which meat must be conditioned if tenderness is to be maintained.

Sys

YStems for the stimulation of lamb either immediately after slaughter or after

co : . : :
Mpletion of dressing are described, and the effect of post-stimulation holding

and f . J
Teezing treatments on tenderness discussed.

Simj
3 : A ;
lar information is presented for beef carcasses.
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Stimulation électric, refrigeration, et la qualité de la viande résultat

BRIAN B. CHRYSTALL

Meat Industry Research Institute of New Zealand (Inc.), Hamilton, New Zealand

Le développement des procédé de stimulation électric pour l'agneau et le boeuf est
discuté avec la référence i voltages, fréquence, temps et la préparation de la carcasse
a2 suivre. En Nouvelle Zealand la préparation pointe de fin est le produit glacé et ce

déterminer combien de muscle PH doit réduire avoir afin de maintenir la tendreteé.

Les systémes sont décrirent pour le stimulation d'agneau ou immédiatement aprés abattis
ou apreés le fin d'habillage et 1'effect de post-stimulation de séjour et treatement

glacé sur la tendreté.

Semblable information est presenté pour la carcasse boeuf.

EHGKTDOCTHMNJHQOBQHME, OXJIaXNC HAE M KayvyecTBO MAca

BPAJIAH B.KPUCTAJLI

Hayuno-nCCenOBaTeNBC KM MECTATY T MACHO! MpOMHILIE HHOCTH HOBOH Senamnum, Cammasrom,
HoBaa Benaxnms

OGcyxnaerca paspadoTka cnocoGoB SJNIEKTPOCTUMYJMPOBAHUA TYyW ATHAT M KPYNHOI'O DOr'aTOr0 CROTA
C yUeTOM HanpfAReHMA TOKA, JACTOTH HMIYJECOB, NPONONEATENBHOCTH CTUMYJMDOBAHEA I nocaenyn-
me# oSpadorku. B HoBo# BejaHmum KOHEUHOH LENIEBD 0CpaCoTKM ABAAETCA NPOM3BOLCTEO 3aMOpoxeH~

HOT'O mMAca, 4YTO ONpelesdeT CTEeNHEHB CO3peBaHnsAd, ocecneqzaammym HEOOXOIAMY® HEXHOCTE.

[IpuBeneHO ommcaHme CHCTEM CTEMyNMPOBaHMA Ty ACBAT CPasy nocne yOOA WIM IIOCHE DasleNRu B
yOO#HOM LleXe; YKa3aHO BANAHNE BHIEDKKA NOCJE CTHMyJIIDOBaHMA, a TarKke B3aAMODaXMBAHMA Ha HeX~

HOCTE MAca.

llpencrarnesa aHalOrMYHas MEQOPMANAA OTHOCHTENBHO TYM KpyIHOTO poraToro ckorta.
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Electrical Stimulation, Refrigeration and Subsequent Meat Quality

BRIAN B. CHRYSTALL

Meat Industry Research Institute of New Zealand (Inc.), Hamilton, New Zealand.

The detrimental effects of early and rapid chilling and/or freezing on the tenderness of lamb and beef are
well documented and have been the subject of research in many institutions throughout the world since the
discovery of cold shortening in New Zealand in 1963'. Thaw shortening as a result of rapid thawing of meat
frozen pre-rigor also has detrimental effects on tenderness?. The avoidance of cold and thaw shortening by
holding carcasses at or above 10°C to ensure complete setting of rigor before chilling and freezing has been
employed in New Zealand to produce uniformly tender lamb and beef®. The process is known as 'Conditioning
and Agingn c & A).

When large numbers of animals are being processed, rapid chilling or freezing may be necessary soon after
Slaughter unless very large holding areas are available. Under these conditions the majority of carcasses may
Suffer from cold shortening, and if cooked from the frozen state would also exhibit thaw shortening. The
toughness likely to be produced by early freezing is illustrated in the frequency distributions of shear force
Value for legs and loins from early frozen lambs (Fig. 1). Carcasses which are "conditioned" by holding for
16-24 hours at 10°C to permit rigor setting before being frozen do not suffer from either cold or thaw
Shortening and are acceptably tender (Fig. 1b). A further 24 hours is required to produce ""conditioned and
aged" 1amb (Fig. 1c). '"Conditioned only" meat is considered an acceptable standard for the large majority of
Markets, with C § A quality being produced for luxury markets.

The realtively long periods required to condition lamb (16-24 hours) have been the spur to study of methqu
of accelerating rigor in lamb. High temperature holding was one procedure which was tested as a means of
I‘educing conditioning times“, but was not considered to be a practical method.

Electrical Stimulation of Lamb

EleCtrical stimulation of muscles reduces the delay phase of rigor and thus shortens conditioning time.
1€ early work on electrical stimulation of lamb in New Zealand® employed a 30-minute stimulation period
With 230 volts applied 30 minutes after death. Conditioning time was reduced from 16 hours to 3 hours.
anSEQuent investigation showed that much shorter stimulation periods with higher voltages_applied soon
ter slaughter reduced conditioning time even further. Lambs stimulated for 45 seconds within 5 minutes
o slaughter went into rigor rapidly, with the loin muscle pH being below 6 within an hour of slaughter.
The dressed carcasses from stimulated lambs could therefore be moved into the freezer at 1 hour post mortem
and frozen without adversely affecting tenderness, provided that the freezing rate was not excessive (Fig. 2).
€ level of tenderness achieved on cooking from the frozen state was that of a conditioned carcass, but
€low that achieved by the C § A process. This pre-dressing stimulation system can operate under commercial
cor.‘ditions, but has the limitation that a separate stimulation facility is required for each dressing chain.
wt%mu¥ation post dressing could be conducted with one facility for the entire pro@uction. Comple?e dressing,
“ighing and inspection requires approximately 25 minutes, so carcasses can be stimulated no earlier than
mi?utes post mortem. This delay is a disadvantage since muscles are beginning to cool, nerves are
S:?Omlng anoxic, and therefore longer stimulation periods are needed. The tendgrness of loins from carcasses
mulated for 1-5 minutes 30 minutes post mortem is shown in Table 1. A two-minute stimulation period was
ne§d3d to ensure '"conditioned" level tenderness in the carcasses frozen 90 minutes after stimulation.
aitmulation of carcasses more than 30 minutes after death showed effectiveness decreasing with time (Table 2) 5
hough longer stimulation times may offset the decrease.

Table
Stfect of duration of stimulation on pH fall and tenderness of longissimus muscles in lamb carcasses
Imulated 30 min PM. Lambs into freezer 2 h PM. Loins roasted from frozen state.
Duratjon of Stimulation LD pH 2 h PM LD Tenderness
(minutes) (Mean * standard deviation)
0 6.85 17 £ 26
1 6.19 48 * 23
2 5.98 2= 4
5 5.93 36 £ 6
Tabie 2
ngeCt of prestimulation delay on pH fall and tenderness of longissimus muscles of carcasses stimulated
T 2 minutes, Carcasses into freezer 2 h after stimulation. Loins roasted from frozen state.
p .
Testimulation delay LD pH 2 h PM LD Tenderness
(minutes) (Mean * standard deviation)
25 5.08 32 * 13
35 6.26 376
45 6.61 51 & 14
90 6.65 % 12
Unstimulated 6.85 77 * 26
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Fig. 1 Frequency distribution of shear force values for Fig. 2 Frequency distribution of shear forc’
legs and loins from early frozen, conditioned, and values for legs of stimulated lambs
conditioned and aged lambs roasted from the frozen frozen at different rates and later
state. The figure in parenthesis shows the percentage roasted from the frozen state.
of shear force values less than FS 40 on the arbitrary Figure in parenthesis shows the
scale of the MIRINZ tenderometer. A force score of percentage of values less than
40 is considered to be the limit of acceptability. FS 40 (shaded portion)

A pulsed wave form was employed for earlier trials®’’, but the parameters used were empirically derived.
Subsequent experiments showed that for beef neck muscles the greatest fall in muscle pH during stimulation
occurred with pulse frequencies between 5 and 16 per second® (Fig. 3). The efficacy of the selected pulse
frequency has been shown by comparison of tenderness of lambs stimulated with 50 Hz and 14.28 pulses per
second at 800 volts. With 50 Hz at 800 volts, lamb carcasses could only be stimulated for half of the
desired 90-second stimulation period before the tendons in the hocks melted, dropping the carcass on the
floor. These carcasses, if moved into a freezer two hours later and then frozen, gave legs and loins which
were relatively tough, whereas legs and loins from carcasses stimulated with the pulsed current for the
full 90 seconds and frozen similarly were acceptably tender. The voltage employed also exerts a significant
effect on the level of tenderness achieved, especially in the legs. With 400 volt pulses, only the loins
reached the desired tenderness, whereas with 800 volt pulses, both legs and loins were acceptably tender
(Fig. 4).

After either pre-dressing or post-dressing stimulation of lamb, a short holding period is required to permit
glycolysis to proceed sufficiently so that cold shortening will be avoided when the muscle temperature is
dropped below 10°C. A moderate freezing rate then ensures that adenosine triphosphate is virtually
destroyed before freezing occurs, avoiding the possibility of thaw shortening on cooking. If rapid freezing
rates are to be used, more complete conditioning is required before freezer entry. Both pre- and post-
dressing stimulation processes used in New Zealand are tailored to permit commencement of freezing 1% hours
after stimulation, provided that the deep leg temperature does not fall below -4°C in less than 12 hours
from freezer entry. Extended delays before commencement of freezing enable faster freezing rates to be
utilized without impairment of quality. The tenderness likely to be achieved with a variety of delays and
freezing rates can be judged from the total time from slaughter until the deep leg temperature reaches -4°C
(Fig. 5). A two-hour delay followed by 12 hours for the deep leg to reach -4°C gives virtually the same
tenderness as a six-hour delay and 8 hours to -4°C. This gives plant designers and operators a measure of
flexibility in determining how they achieve the required level of tenderness. If a "conditioned and aged"
level of tenderness is desired, the stimulated carcasses can be held for 10 hours at 6°C, then a further

12 hours taken for the deep leg to reach -4°C. This is a significant reduction from the 40 hours at 10°C,
plus freezing time, required without stimulation.

Electrical stimulation of lamb either pre- or post-dressing is a commercially attractive process to ensure
acceptable levels of tenderness in frozen lamb which may be cooked from the frozen state. Cooking from the
frozen state will give the worst result with regard to tenderness because both cold and thaw shortening
effects are exposed. If the meat is to be cooked after a slow thaw, the margin between stimulated and
non-stimulated meat is reduced, since the thaw shortening effect is eliminated.

Stimulation has an important role even with chilled meat, which is highly vulnerable to cold shortening®.
As well as considerable benefit to tenderness, it may reduce microbiological problems by permitting rapid
chilling and thus increase shelf life.
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Fig. 3 Effect of pulse frequency on pH fall during Fig. 4 Frequency distribution of shear force
stimulation (ApH) of beef sternomandibularis values for legs and loins from
muscles with 200 volt pulses for 120 seconds. carcasses stimulated 30 minutes post

mortem with 400 or 800 volt pulses at
14.38 pulses per second. Carcasses
frozen 2 hours post stimulation and
cuts roasted from the frozen state.

Electrical Stimulation of Beef

B . : - . . : X
iEEf processing presents a slightly different picture due to the larger size of the animal and differences
N rates of conditioning and aging.

S;giltiQning of beef rgquires some 21 hours chilling at a slow rate to ensure that cold shortening and thaw
bee%t?nlng Fhrough boning out anq freezing too soon are to be avoided'’. The tenderness of "conditioned only"
S is similar to that of "conditioned only" lamb loins. A degree of aging is required to produce
Ceptably tender beef. A recommendation for C & A beef is 66 hours at 10°C from end of chilling to start
t iirgizip%. High quality beef can be produced in 4 days and can then be frozen without detracting from
dty.

ﬁleiFrical stimulation of_beef, first employed by Harsham & Deatherage11 as a means of reducing the time
raq,;TEd_tovage, has received considerable attention since it enables tender meat to be produced even with
Slgi Chllllng: In New Zegland emphasis has initially been on stimulation of beef sides 30 minutes after
snd ghter. This eqables direct comparison of unstimulated and stimulated cuts or muscles. The voltages
= pulse frquenc1es employe§ have been the same as those used for lamb. Various processing alternatives
andebbeen con51§ered after stimulation. It is envisaged that the stimulated beef could be chilled rapidly
e oned out either 5 or 24 hours post mortem. Alternatively, the stimulated beef may be hot-boned,
Ckaged and then aged before freezing'Z.

Eizf Chilled rgpidly soon.after s}aughter is tough unless stimulated before chillingla. Even if stimulated,

rapigapldly chilled beef is ”cond}tioned only" quality, but has an advantage over the non—sFimulated,

is 2 ly chilled beef in that it will age to give highly acceptable meat, whereas the nonfstlmulated meat

2% t;)\Ugh‘even after aging (Fig. 6). Hot—bqning after stimulation produces cuts Whlch, with the exception

remove fillet, are more tender than non-stimulated cuts. The'flllet toughgns slightly as a result of its

afteral ?rom the carcass, not as a result of stimulation. Aging the cuts 1n the carton occurs more rapidly
T stimulation, since the rapid rigor means that aging commences at a higher temperature.

Sonclusions

Eii;i?lcal stimulation ofvlamb or beef has its main value in ha§tening rigor onset, so that even with rapid
aged ;ng or f?ee21ng, cold shortenlpg 1s_av01ded, tbereby.ensurlng a reasonably Fender ProducF which can be
minima¥rther if desired. In countries without refrigeration the value of electrical §t1mu1at19n wguld be
Zealand. At the other end of the scale the benef1ts»are dramatic, the extreme §1tuat1on applying in New
. and Australia, where small carcasses are subjected to early blast freezing (and blast chilling in
. ErOCe§S). But in the great majority of countries where efficient chilling without freezing is the norm,
enefits of electrical stimulation are still substantial for both lamb and beef.
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Fig. 5 Relationship between percentage of SF values Fig. 6 Frequency distribution of shear force
less than 40 and time from slaughter to reach values for grilled longissimus muscles
~4°C deep leg. from rapidly chilled, unstimulated and
Stimulated loins X; legs O stimulated beef sides. The unaged
Non-stimulated legs @ ; legs 0 cuts were frozen 24 hours post mortem.
Conditioned only quality is not less than 65% The aged cuts were held at 10°C for
of values below 40 for loins and 85% for legs. 66 hours before freezing.
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Hat die elektrische Stimulation, ausser der Verhinderung der "cold shortening' also einen gunstigen
Einfluss auf die Zartheit des Fleisches ?

P. VANDEKERCKHOVE und D. DEMEYER

Laboratorium Voeding en Hygiéne, R.U.G.-Belgie

Es ist bekannt, dass die elektrische Stimulation der Schlachtkorper sofort nach dem Schlachten und Herrichten
Und bevor der Kuhlung, die Zartheit des erwarmten Fleisches betrachtlich erhdht. Diese Erhohung wurde, wie
8ezeigt durch die Anwesenheit langerer Sarkomeren in den Muskeln von stimulierten Schlachtkorperhalften im
Vergleich mit nicht stimulierten halften, der Verhinderung von "cold shortening" zugeschrieben. Eine vorher-
&ehende Untersuchung zu dem Zweck die Moglichkeit eines Zartheitseffekts bei elektrischer Stimulation in der
Abwesenheit einer Schnellabkithlung nachzuprufen, ist durchgefuhrt worden. Vier Bullen (Tiere 309, 310, 313 und
314) wurden geschlachtet, in Schlachtkorperhdlfte zerlegt und eine Halfte von jeder Tier wurde: elektrisch
Stimuliert (110 V; 0,1 - 0,6 Amp. fur 4 min) innerhalb einer Stunde nach der Betaubung. Beide Schlachtkorper-
halften sind wahrend 21 h oben 15°C konditioniert und nachher wahrend 24 h gekithlt worden. Die elektrische
Stim\llation bewirkt bei jedem der 4 Tiere eine bedeutende Erniedrigung des pH, trotzdem die Kontrollschlacht-
Korperhilften eine erhebliche Verschiedenheit zeigten. Die Linge der Sarkomeren und die Warner-Bratzler Scher-
Werte sind bestimmt worden auf Longissimus und Latissimus Muskeln (4 Tiere x 2 Muskeln = 8 Proben). Die Scher-
Werte waren in 4 Proben, bei elektrischer Stimulation, erheblich erniedrigt (Latissimus bei Tiere 310 und 314,
LOngiSSimus bei Tiere 309 und 314) obgleich in 1 Probe eine wesentlich hoherer Wert bekommen wurde (Longissimus
Tier 313). Nur in 2 Fallen (Latissimus Tier 314, Longissimus Tier 309) war eine bedeutende parallele Zunahme
i der Linge der Sarkomeren notiert, weil in 1 Probe die Lange der Sarkomeren, bei Stimulation, bedeutend
Stiedrigt war (Latissimus Tier 313). Die Abweichende Ergebnisse ermittelt bei Tier 313 konnen eine schnelle
Abfaly des pH in der Kontrollschlachtkorperhalfte zugeschrieben werden. Ungeachtet der Feststellung einer
rheblichen Verschiedenheit, suggerieren diese Ergebnisse, dass elektrische Stimulation in der Lage sein kann,

'

in 7 e o . 7 % " . "
b Zartheitseffekt auf Rindfleisch auszutiben, vollig ausser der Verhinderung der '"cold shortening” und

un pe) . K . 4 : o
abhanglg von den Variationen in der Lange der Sarkomeren.

2 i ?
Does electrical stimulation increase beef tenderness apart from the prevention of cold shortening ?

P
- VANDEKERCKHOVE and D. DEMEYER
Laboratoriug Voeding en Hygiéne, R.U.G., Belgium

L well known that low voltage electrical stimulation of beef carcasses immediately after slaughtering
b dressing and before chilling significantly increases cooked meat tenderness. This increase has been
ttributed to the prevention of "cold shortening" as indicated by the presence of longer sarcomers in
Mscles from stimulated carcass sides when compared to non-stimulated sides. A preliminary experiment was
arried out to investigate the possibility of a tenderizing effect of electrical stimulation in the absence
°f rapiq chilling. Four bulls (animals 309, 310, 313 and 314) were slaughtered, split into sides and one
Side frop each carcass was electrically stimulated (110 V; 0.1 - 0.6 Amps for 4 min) within 1 h after
Stunning, Both sides were kept for 22 h at ca. 15°C and then chilled for 24 h. In all 4 animals, electrical
Stimulation significantly increased rate of pH-decline, although values for control sides showed considerable
Variatjon,

Sarcomere lengths and Warner-Bratzler shear values on longissimus and latissimus samples were determined

4 animaig X 2 muscles = 8 samples). In 4 samples shear values were significantly lowered by electrical
Stimulation (latissimus in animals 310 and 314, longissimus in animals 309 and 314), in 1 sample however

e Significantly higher value was obtained (longissimus animal 313).

2 Samples only (latissimus animal 314, longissimus animal 309) a concomittdt significant increase

W Sarcomere length was noted, whereas in 1 sample sarcomere length was significantly decreased by
Stimulation (latissimus 313). Aberrant results obtained with animal 313 may be related to a high rate of

PH decline ip the control side. The results although showing considerable discrepancies suggest the

possibility that electrical stimulation may have a tenderizing effect in beef muscle, quite apart from
th

€ Prevention of cold shortening and not related to differences in sarcomere length.
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La stimulation électrique, a-t-elle un effet sur la tendreté de la viande, en dehors de la prévention

du cold Bhortening ?
P. VANDEKERCKHOVE et D. DEMEYER

Laboratorium Voeding en Hygiéne, R.U.G., Belgique

Il est connu que la stimulation électrique @ basse tension des carcasses de boeuf, immédiatement aprés 1'

abattage et le parage et avant le refroidissement, augmente de fagon significative la tendreté de la viande
chauffée. Cette augmentation a &té attributée d la prévention du '"cold shortening', comme indiqué par la
présence de sarcoméres plus longs dans les muscles des demi-carcasses stimulées. On a fait une expérience
préliminaire 3 fin d'investiguer la possibilité d'un effet sur la tendreté de la stimulation &lectrique dans
1'absence d'un refroidissement précoce. Quatre taurfeaux (animaux 309, 310, 313 et 314) ont &été abbatu,
séparés en demi-carcasses et chaque demi-carcasse a été stimulée par voie électrique (110 V; 0,1 - 0,6 Amps,
4 min) moins qu'une heure aprés 1'édtourdissement. Les deux demi-carcasses étaient conditionnées 3 ca. 15°C
pendant 22 h suivi par 24 h de refroidissement. Dans tous les animaux, la stimulation accélérait la chute de
pH, méme si les demi-carcasses témoins montraient un variabilité considerable. Des longueurs de sarcoméres
et des forces de cisaillement (Warner-Bratzler) étaient déterminées sur des échantillons des muscles
longissimus d. et latissimus d. (4 animaux x 2 muscles = 8 échantillons). Dans 4 &chantillons les forces de
cisaillement &taient abaissées significativement par stimulation &lectrique (latissimus animaux 310 et 314,
longissimus animaux 309 et 314). Dans un échantillon néanmoins une valeur significativement plus haute

était obtenue (longissimus animal 313). Dans 2 cas seulement (latissimus animal 314; longissimus animal 309)
un accroit parallel dans la longueur des sarcoméres était noté, tandis que dans un &chantillon la longueur
des sarcoméres &tait abaissée significativement par stimulation (latissimus animal 313). Les résultats
obtenus avec l'animal 313 pourraient étre liés d la chute de pH intensifiée dans la demi-carcasse témoin.
Malgré la grande variabilité observée, les résultats suggérent la possibilité d'un effet attendrissant

de la stimulation électrique en dehors d'une prévention du "cold shortening" et pas 1ié a4 la longueur

des sarcoméres.




