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A STUDY INTO THE MECHANISM OF CURING INGREDIENTS
PENETRATION INTO MUSCLE IN CASE OF BRINE
JET-INJECTION

A.S.Bolshakov, V.G.Boreskov, V.S.Sarytcheva

In the recent years, great attention has been paid to the
problem of improving and accelerating meat curing in ham pro-
duction.

One of the methods, allowing to accelerate the penetrati-

on contribute to the even distribution of curing ing

diente, is brine jet-injection by means of a needleless injec-
tor.
end histological studies of jet—injected

Physico-chemi
samples (1, 2) showed that curing ingredients distribution
Just after brine injection into muscle was uniform and took
shorter time as compared to the conventional procedure. In the
latter case, the brine is, as a rule, accumulated in the inter-
layers of loose connective tissue, thus moving muscle bundles
and individual fibers apart. It does not penetrate into muscle
fibers, this being indicated with the absence of vizible
changes in their structure and configuration. With jet-injec~—

tion under the pressure of about 2.5 to 3.0 x l()7 Pa, the bri-
ne penetrates not only into connective tissue interlayers, but
also muscle fibres. This is confirmed with fibers swelling,

structural homogenization, and an increased proportion of fir-

mly bound water.

accumulation zones,
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b To decide on the commercial application of this method of
== Tine injection to accelerate cure distribution throughout the
muscle, it is necessary to know the regularities of curing in-

gredlellts Penetration into and distribution throughout the tis-
5“85.

Methods

Objects of the study were l.dorsi muscles disseoted from
Pozk and beef cooled at +2°C for 3y 5, 7 and 10 dgys or thawed
after Dre-freezing at -18°C for 24hr post 3 day cooling.

8Wing was performed at +18°C, R.H. 80%, for 24hr.

An objective evaluation of any method of brine injection
i:; °bV10usly, based upon the pattern of curing ingredients pe-
¢ Tation into and distribution throughout the muscle. Undoub-
op » the character of curing liquid distribution, the shape

the accumulation zone and penetration depth depend upon the
0° cod'rRUlic parametres of the injection process and tissue physi-
‘ “Mechanical properties. X-graphy and X-cinematography used
Us ag control methods rendered it possible to follow the pro-
S of brine penetration and to get a relable picture of its
tribu‘ciom throughout intact muscle as related to time (3,4).
enetl‘-’:ltlon depth and the shape of a brine accumulation zone
16" tE:e foung by means of the examination of X-radiographs with

r scale considered.

For the experiments a "Phillips" X-cinematographic appara-

b Yag used, which has the shooting speed of 16 shots per min.
had1°g1‘8ph1c studies were carried out 0, 24, 48 and 72 hr post
El_adinﬁ 0f the samples. Technical conditions for samples radio-

‘pb‘ying in two planes (top and lateral views) were constant
te: “ni\'ersally accepted for taking images of soft tissues.The
t‘lbe 1cal data of the analysis were as follows: voltage in the
7 Cm\ 49 kvolts, exposition time - 0.25 sec., focus distance -

¢ Ceg
e v Qg

4o
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= q Z °% brine accumulation which is obvious in X-grams. This
gy SXPlaing the fact that, first of all, a pa.rt-of the li-
thy, njected into the musole becomes vizible, and only after
= the Passage is revealed.
gy Z'L‘"OJ sec. after injecting, a part of the injected li-
oy, ts 8een which forms the initial zone of brine accumulati-
the - lncrehs?l_ng for 4-5 sec.; after this time the shape and
‘1% % of the gone do not ohange. Therefore, brine penetra-
h‘lticna Completed, and the process of slow diffusive re-distri-
‘ % 4 % the curing ingredients starts, which lasts for hours
§ Tather than for seconds.
RV € analysig of the materials obtained allows to suggest
i e B¢ shape and the depth of brime distribution throughout
i 1 SSues in case of the jet-injection method depend, first-
a“é o0 the dynamics of pressure changes during liquid flowing-
ey uﬂm the nozzle. Brine penetration depth grows with the
R nore in the injeotor working chamber and with a decrease in
*2le diametre.
‘ h“s The Table shows the penetration depth of curing ingredi-
; g t S Telateg to meat kind and ageing time prior to curing
014 treatment kind.
Qh\v i;‘j"s seen from the Table that penmetration depth was gre-
igeln iluemed with cold treatment kind and intensity. Longer
. : ) Q Causeq a rise in penetration depth, this being, eviden-
¢ to tne autolytic changes in the muscle.

Sy 3t structure damages during freezing also centributed to
inlecter Penetration depth. The latter was higher in case of
leera- ™ along musole fibers as compared to that across the
:h ,: Shape of brine accumulation zones depended on injecti-
Sy nncti‘)n relative to muscle fibres:;with perpendicular di-
Wil\l kit %as herring-bone-shaped, in case of a parallel one -

157
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As a X-contrast substance, 76% verographine solution was
used.

Results and discussion

In the experiments we studied the pattern of curing ingre-
dients penetration and distribution throughout the muscle in
case of jet introduction with an injector having a spring-type
drive.

As for the mechanism of curing ingredients penetration by
means of a jet method, of special importance during injection
is the dynamios of pressure changes at the nozzle inlet (de®s
pressure in the working chamber of the injector). In spring-
type injectors, the pressure at the beginning of a oycle in-
oreases sharply, thus supplying the maximum kinetic energy to
the substance. The analysis of numerous X-grams and of the in-
Jection process allowed to determine that a part of jet energy
of the first portion of the curing liquid is spent for passage
formation, the rest of the energy being spent for liquid pene-
tration and distribution both in-between connective-tissue in—
terlayers and directly in the muscle. The pressure in the in-
Jjector working chamber is reduced by the end of process when
the passage has already been formed with the first portion of
the liquid being injected.

The X-cinematographic analysis of jet injections clearly
demostrated two stages in brine penetration into the muscle.

At the first stage the point of a liquid Jet reached the maxi-
mum depth almost immediately. At the second stage, with jet ki-
netic energy falling, the brine was distributed radially rela-
tive to the injection passage and in the plane which coincided
with the direction of the connective-tissue interlayers (fas~
cies) and of the muscle fibers in the injection zone.

Since pressure at the end of the cycle is less than at its
beginning, each next portion of the brine penetrated to a smal-

ler depth. This, probably, accounts for a specific shape of the

5.
Table
Changes in the depth of curing ingredients penetration (mm) in
case of brine jet-injection as related to cold treatment
and meat ageing time. (Needleless injector
BI-2, P=3.Ox107 Pa, nozzle diametre is
0.2 mm)
s Meat cooled for(days): Thawed
Kind of meat and direc- . - = 1 niek
tion of injection 3 9 7 10
Pork; along muscle fibres X 41.3 43.4 48.5 56,2
s I3.61 *2.93 ¥3,24 3,72
% 100 105,1 117.4 136.1 157.6

Pork; across muscle fibres

X 31.8 34.3 37.7 42.6 48.3
s  Fa.74 13,29 ¥3.11 ¥3.81 3,5
% 10C 107.9 118.6 133.9 151.9
Beef; along muscle fibres X 42,7 46.8 52.2 59.6 68.4
s  I3.48 ¥3.20 ¥3.69 .43 X4, 80
% 100 109.6 122.2 139.6 160.2
Beef; across muscle fibres X 33.8 36.5 40.3 45.7 49,9
S +2.44 +#3.05 #2.89 +3.62 +3.92
% 100 107.9 119.2 135.2 147.6
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The experimental data oan be used to develop a design of
a needleless injector and brine pumping procevures in ham pro-
duction.

Conclusions

l. A possibility of applying an X-cinematographic method
to analyze needleless injection of brine in the process of cu-
ring has been demonstrated.

2. The pattern of brine penetration and distribution has
been established for jet-injection method.

3. Brine penetration depth and the shape and size of bri-
ne accumulation zone have been shown to be influenced with the
hydrodynamic parametres of the process (pressure in the working
chamber, nozzle diametre), as well as with muscle physico-mecha-
nical properties (cold treatment kind and intensity, injection
dhrection relative to muscle fibers location, kind of meat).
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