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Cold shortening strongly affects meat ten-
derness. As shortening increases from 20 to
40 percent of initial muscle length, a sever-
al-fold toughening occurs; it is reversed (by
tissue rupture) with further shortening.
Maintenance of musculoskeletal attach-
ments does not necessarily prevent local-
ized shortening and toughening. [The 5CI®
indicates that this paper has been cited in
over 145 publications since 1966, making it
the most-cited paper published in this jour-
nal to date]

B.B. Marsh
Muscle Biology Laboratory
University of Wisconsin
Madison, W1 53706

October 3, 1983

“Frozen lamb has long provided much of
New Zealand’s export earnings, so com-
plaints of toughness were taken very serious-
ly when strongly expressed by overseas buy-
ers in 1961. The meat industry turned to the
young and still small Meat Industry Re-
search Institute for help, and a major study
of the problem was initiated. The trouble
was soon traced to two recent changes in
packinghouse practice: the installation of
blast freezers and the elimination of a previ-
ously imposed delay of several hours before
carcasses entered the freezers. Separately,
these modifications were shown to be with-
out effect; together, they could (and fre-
quently did) convert the normally tender
meat into a virtually inedible product.

“After fruitless efforts to explain the
toughening in terms of a lack of aging, we re-
alized that the observations were precisely
what would be expected if two recent insti-
tute discoveries— shortening-induced tough-
ening! and cold-induced shortening?3—
were operating in the in sitv musculature
during rapid, early postmortem cooling. But
many questions arose: could cold shortening
produce a great enough toughening to ex-

plain the strong consumer response? Would
skeletal restraint prevent the length change?
To answer the‘se and many other queries, a .
secondary project, later appearing as ‘Stud-
ies in meat tenderness, 111, was begun, using
bovine sternomandibularis (‘neck’) muscles
to facilitate measurements of length and
tenderness and to allow more controllable,
precise, and rapid temperature changes to
be made.

“In relation to our concurrent lamb car-
cass studies, the investigation showed that
cold shortening certainly could produce a
massive toughening: more than enough, in-
deed, to account for the vigorous market
reaction. It also established that maintained
skeletal attachment did not necessarily pre-
vent large localized changes in length and
toughness, and validated the delay-before-
freezing procedure we had devised empiri-
cally. Later, it led to an observation of rather
greater significance, for during a 1970
follow-up to the investigation, Bill Carse and
1 commenced a study of the effects of car-
cass electrical stimulation on glycolytic rate
and cold shortening (reported by Carse4).
Outside New Zealand, however, nothing
was known of these background matters, or
of the real reason for the institute’s interest
in tenderness; the industry refused to permit
any mention of its toughness difficulties in
our publications, lest an acknowledgment of
the problem’s existence might depress over-
seas lamb sales. )

“For this reason, | am surprised that the
paper has received so much attention, since,
deprived of its clear and immediate warning
to the meat industries of other countries, the
report must have appeared as little more
than a confirmation and extension of earlier
institute observations. Perhaps the frequent
citation -is due to the relative order it
brought to a rather chaotic scene, demon-
strating that a somewhat tidier tenderness
pattern emerged when shortening was taken
into account. Toughness occurrence, hence-
forth, was a little less unpredictable.

" “Cold shortening and its toughening con-
sequences have not been reviewed in depth
for some years, but will be discussed in sev-
eral chapters of a forthcoming book."”5
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