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SUMMARY
\. . oo sulphﬁtr
Proteins extracted from pig M. semitendinosus into brine have been analysed by sodium dodecy! Rl
polyacrylamide gel electrophoresis (SDS-PAGE). This showed that when small meat blocks were immersed JU»WSF
of a series of salt concentrations (0.1, 0.5, 1, 2, 3, 4 and 5 M NaCl) myosin was extracted only frmn'm‘ﬁ,
at 1 and 2 M NaCl. The addition of pyrophosphate enhanced myosin extraction at 1 and 2 M NaCl and myos%ndﬂﬂ
also present in the extracts produced at 0.5, 3 and 4 M NaCl. In order to follow the influence of dnyl h
salt concentrations in the muscle tissue as it happens during meat curing, meat blocks were soaked for ;5W
. £
in either 0.1 or 5 M NaCl solution and were transferred each following day into the next solution g and
series. Monotonic increase of salt resulted in higher myosin extraction in 1 and 2 M NaCl and the myos™ ﬁtj
was also present in the 3 M brine sample. Monotonic decrease of salt showed poor myosin extraction 5
and 2 M NaCl.
INTRODUCTION
ciss9®
The curing process entails the treatment of meat with concentrated salt solutions which penetrate the-b the
to give the desired final salt concentration (JOLLEY and PURSLOW 1988). In industrial Prac{ukﬂg
requirements for obtaining a uniform salt distribution within the meat in a short time are met ! ‘ia“ﬂL
multi-needle injector to inject the brine which is subsequently dispersed by tumbling and/or mﬁsymrm“
Injected brine forms pockets in the meat and salt is then absorbed into the adjacent tissue causing &  fyo?
rise in salt concentration followed by a decline towards equilibrium value. By contrast tiss i
brine pockets experience only an increasing salt concentration until the equilibrium value is 183Ch6d.‘@ the
this salt equilibration, proteins are solubilised and extracted to the surface where they contribut® -;chdﬁ
sticky exudate that influences the cooking properties of the product. Polyphosphates are sometimes lqm o oF
in the brine as they are found to improve the functionality of the sticky exudate and reduce the mm1: is
NaCl required (OFFER and KNIGHT, 1988). Pyrophosphate (PPi) is thought to be the active GP*CiGSqu thé
therefore important to study the effect of salt and polyphosphate on protein extraction, including 2 ;ﬂ %
FaC ‘
high concentrations of salt (up to 5 M NaCl) used in the initial step of the curing process. The effe CAuﬂ“
high salt on water uptake and protein extraction of small meat pieces were first observed Hmwv
(1931,1934), and KNIGHT and PARSONS (1988) studied the influence of concentrated salt on mvofibrilsv Lﬁ?ﬁ?
the identity of proteins extracted when meat is treated with high salt has not been determined. iy »iﬂdnﬁ
of this study was to measure protein extraction when meat is submitted to a series of salt Concenhpeﬂﬁiﬂ
(from 0.1 to 5 M NaCl with and without PPi) or to increasing or decreasing salt concentrations as hZZ#ﬁmie
large meat pieces during curing. Proteins extracted into the brine were analysed by S$DS-PAGE =
their identity.
MATERTALS & METHODS
ar”
-8 &
Pig semitendinosus muscles were collected 24 h post mortem, freed of visible fat, cut into cube$ of 4ﬂcweﬁ
-ime 5
soaked in 20 volumes of brine at 1°C under orbital shaking (100 rev/min). Two types of ‘ZDGI%T l'o.%
carried out: in the first, each cube was soaked for 24 h in one of a series of salt concentrations KL“5031"2(1
1, 2, 3, 4, 5 M NaCl) with or without 10 mM pyrophosphate pH 6.0. In the second, the meat cubes welesohwiw
for 24 h either in 0.1 or 5 M NaCl solution and were transferred each following day into the ﬂexty of ¢he
of the series to obtain monotonic increase or decrease of salt. Measurements of the sodium conté™ fhesalr
meat cubes by using a sodium-specific electrode showed that soaking beyond 24 h did not chang® 196Q>5N

: : S and. GLEL
content. Brine samples were analysed for protein content following the method of ITZHAKI and GI
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Euetprepared for SDS-PAGE by precipitating proteins with 3M trichloroacetic acid. After centrifugation the
Was dissolved in 62.5 mM Tris/HCl pH 6.8, 0.4 % DTT (1,4-dithio-DL-threitol), 10 % glycerol, 2 % SDS
SO0 4 bromophenol blue, and heated for 5 min at 100°C. SDS-PAGE was performed with a Protean II (Bio-
Slab  cell using a modified LAEMMLI (1970) discontinuous buffer system with a 12 % separating gel. The

felg
Were

Ry stained with Coomassie Brillant Blue. Myofibrils prepared following . the method of KNIGHT and
C
K (1982) were also run on the gels as a standard.
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. § & DISCUSSION
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S| tupg 1 shows the protein pattern obtained for brine samples collected after a 24 h incubation of small
8
g 3@1 °f nmeat each in one of a series of salt solutions without phosphate. The proteins extracted at 0.1 M

U :Ze as expected mainly sarcoplasmic as judged by comparison with the results of McCORMICK et al.(1988)
e s VAGE et al.(1990). With increasing NaCl concentration these proteins were generally extracted in
amounts, especially CK and GAPDH, but the amounts of PK and ALD were less affected. The
of myosin showed a striking dependence on salt concentration. It was extracted in 1 and 2 M NaCl,
Wag bands corresponding to MHC, LCl and LC2 visible at these two concentrations. In all other brines myosin

, No
g, t extracted. GRABOWSKA and HAMM (1979) also noticed a reduction in extraction of myosin of beef

0
@ggenates between 1 and 2 M NaCl, but their experiments did not extend to higher salt concentrations.
H%We and PARSONS (1988) irrigated rabbit myofibrils with 1, 2, 3, 4 and 5 M NaCl. Myofibrils exposed to 1 M
bagy . Baximum loss of contrast between A- and I-bands, whereas myofibrils exposed to high salt (4 or 5 M
%tof Showed no extraction of A-band. Low extraction of myosin in high salt is probably due to the salting
; m& the Protein.

At
S8g 0 band is situated between the strong enolase and creatine kinase bands which makes it difficult to

In
g the extracts at 0.1 and 0.5 M NaCl. However it could be clearly identified in higher salt extracts

Wa
: i Strongest in the 3 M NaCl extract. GRABOWSKA and HAMM (1978) also emphasized the difficulty of
it
B
L : Pattern of extracted proteins in different brines Figure 2 : SDS-PAGE of brine samples
after 24 h with pyrophosphate added
01 053112 STHL3S 485

- -
MB - _TC
g, ‘- -1C2 . -
L0
S mygps
hm yOflbrils STD = standard Pharmacia
E?’ phosphOrylase b MHC, myosin heavy chain
P(:'I L OSphoglucomutase a-ACT, a-actinin
‘ L JIuvate kinase ACT, actin
%’ enosphoglucose isomerase TnT, Troponin T
‘ “ﬁ crOIase a & B ™, a & R Tropomyosin
mﬁﬁ a zatlne kinase LCl, myosin light chain 1
‘ um N, °lase TnI, Troponin T
R%ﬁ azceraldehyde—3-phosphate dehydrogenase TnC, Troponin C
W pho.ote dehydrogenase 162, myosin light chain 2
Q,' trisphoglycerate mutase
my °Se phosphate isomerase
%globin
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bee
separating the actin band between enolase and creatine kinase in low salt (0.3 M NaCl) extracts Oihig
semitendinosus. Actin could easily be identified by these authors in 0.9 M NaCl extracts. The effect Oo? ¥
concentrations of NaCl on the solubility of actin is not known, but concentrations of KCliof 10,358 mﬂ
cause partial depolymerisation of actin at 0°C (GUBA, 1950). Troponin I and C, and probably alSOTRWqﬁ
tropomyosin, are extracted in 1, 2 and 3 M NaCl. In rabbit myofibrils extracted with 1 M NaCl OFFER &
(1983) noticed that nearly all the troponin was removed. twﬂﬂd
The addition of pyrophosphate (Figure 2) influenced mainly the extraction of myosin, which was mliﬂb%
Strong MHC bands were visible in extracts at 0.5, 1, 2 and 3 M NaCl. Some myosin was also cxtracced it

:on
NaCl, but not in 0.1 or 5 M NaCl. It is well established that pyrophosphate enhances myosin thractlm
intermediate NaCl concentration (OFFER and KNIGHT, 1988); our results indicate that it also pfomotes "
extraction from meat at high NaCl concentrations, in accord with the observations on myofibrils by K§Ib
PARSONS (1988).This probably originates in the ability of pyrophosphate to weaken the acti?
association, promoting the diffusion of dissolved myosin into the bathing solution. i
Figure 3 shows the protein pattern obtained with brine samples produced in the experiment where WS
were moved through a series of solutions with monotonic increase of NaCl concentration. There is 2 = 1of

= 5 s+ +he €¥
extraction of myosin in 1 M after progressive increase of the concentration compared with the

: s - ¢ - i paft

are soaked in 2 M and 3 M NaCl. The myosin band in the 2 M sample is very strong. This might in par
A P . 2 : (1

to extraction obtained in 2 M, but also because of myosin solubilised in the previous solution (

s 38
3 o n
which comes out into the solution. This latter effect can also explain the extraction observed 1 e
; » W
since direct soaking in 3 M NaCl did not extract myosin. Only little extraction of proteins occur®
5 Ut ) 1988)
blocks are transferred in high salt (4 and 5 M NaCl). Studies on myofibrils (KNIGHT & PARSONS, 19 the

(ol W
that extraction of the A-band is progressively inhibited in higher concentration of NaCl the

. . ay A7 MOSE
concentration is raised stepwise from 0.1 to 5 M NaCl. That sarcoplasmic proteins appear in

3 inC
i . ; ’ ! ; ot h 1 p
series of extracts shows that their extraction from the cubes is far from complete in the 24 0 The

: . Figure
period 1in each solution. Results obtained with the monotonic decrease of salt are shown in F18

g NaCl:
Les

Figure 3 : Monotonic increase of NaCl.
SDS-PAGE of brine samples

Figure 4 : Monotonic decrease © p
SDS-PAGE of brine sa@

MYO O1 05 1 MYO 2 5

i aher e e e

MY0 = myofibrils STD = standard Pharmacia

Concentration (M) of salt solutions is given on
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pr(jt .
h *ln pattern of brine samples collected after soaking meat cubes in 5, 4 and 3 M NaCl did not differ

rke d
. ly from the pattern of Figure 1. By contrast in 1 and 2 M NaCl only a little myosin is extracted. The

lntense band in 2 M NaCl brine sample is in the area of actin and creatine kinase. Extraction of

K »k kinase in lower salt (0.5 and 0.1 M NaCl) is also very low compared to the extraction obtained by
an
8 directly meat blocks in 0.1 and 0.5 M NaCl (Fig.l). Myofibrils submitted to decreasing salt
Meg
&n
by Yations in steps of 1 M also show less marked extraction of A-band compared to the extraction observed

iy
¥l €Ctly irrigating myofibrils with 1 M NaCl (KNIGHT and PARSONS, 1988). Our results suggest that myosin
8 g g my g8 b
Amgg
¢ 1 t

iy irreversibely denatured by high salt. This observation might be important for industrial curing
g )

b s : . 2 : : : :
y treating whole pieces with concentrated salt or by injecting, those tissues which have experienced a

U

“th

| a : . : : 3 s 3 : :

¢ | Wb It concentration will not yield myosin during equilibration. This can also have important consequences
: ri - ; . . ! | : ” ;

U RV} ine in meat is not rapidly and evenly distributed and it may underlie the appearance of "tiger stripe"

d¢
°0 (VOYLE et al., 1986).
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