DIFFUSION AND DISMUTATION OF NITRITES IN PORK MEAT CURED BY INJECTION
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Not OHIAPpnCat.iOn of nitrite curing in industrial technologies required a change from the immersipn technology.to. thg injection one, dqe
reduCeg o the intensification of the process but also to the necessity of accurate dgsmg of the toxic s_ubstance. Nltnte injected mtc; meat li
litefaturem the Process of dismutation to nitric oxide which reacts with rpeat‘pxgmenfcs'and is ox@sed to nitrate. In thf: professional
2t reg ; ere is no information on any successful test on the process of diffusion qf nitrites and their changes after injection mtc:i r{xdeat%
em: 'ts.frOm the methodologic difficulties both in the analysis of nitrates and nitrites in very small samples as well as in the field o
Mate,; UC interpretation of the results.
Mals and methods
Contrg, € tests were carried out on the pork longissimus dorsi muscle. From each muscle, two end sections about 4 cm long werle cudt as
beakers Samples as well as 5 sections, each 8 cm long, as test samples. Sample diameter was about_7_ cm. The samples were p af:; 12
On, 10-12 ¢m high and of a diameter approximately equal to that of a muscle cross-section. For injections a medical syrmg? with a
Conta; 8 needle was used. In the central point of the cross-section, having the whole needle length inserted into meat, 1 cm” of bqne
mSidenmg 1.8 € NaCl and 135 mg NaNO, was injected. A surgeon stitch had been putoon the muscle around‘the qeedle to held.bnm;
& ‘T{us le times of diffusion were 2, 5, 9, 15 and 24 hours and ambient temperature 4 - 6°C. After the predetermined time each portion 0
ansvetce was thermally denaturated in a microwave oven. The samples were cut as follows: first each sample was cut crossvgs_ei,
They thSely to the cylinder axis at its mid-height. The red spot of cured meat on the cross-section was then contoured on a transparent fo1l.
Wag € samples were cut along the cylinder axis and perpendicularly to the epimysial (external) 51de of the sample and anothgr contour
tm 'cm Consecutive cuts were made in such a way that finally a horizontal central slice, 1 cm thl.Ck, and a vertical cgntral slice, alsq 1
devige Were obtained. From those slices samples of a circular or semicircular shape of 0,8 cm diameter were cut using a co.rk—borm.g
€ samples represented fragments of meat layer on one level at a distance of 0,5; 1; 1,5; 2; 2,5 and 3 cm from the cyllpder axis
al layers at a distance of 1 and 2 cm downwards from the cylinder centre. In the samples the contents of mtra'ttes.and nitrites were
& _nCQ- Nitrites and nitrates were extracted according to the international standards [2? 3]. A quantitative detrmination was made by
Tiection analysis using the Tecator 5010 FIA-star System [4]. The colour reaction with Griess reagent was the basis of the analysis

nltl' i . 3
Resllltsates were reduced to nitrites in a cadmium column.

" verti

Were le:;he contours of cured meat at muscle sample cross-segtions showed more or les; regular ellipses. At vertical sections_the_ spot?
difrllsi()n regular but always oblique in relation to cylinder axis. It means that the sampling procedure allowed'for the determination o
aris, Constant on the main muscle directions what, however, did not guarantee proper measuring of their maximum values. The
Spegy b d(')n 9f the results of determination of the sum of nitrates and nitrites with the results of detgrmmatxon of mtptes only_ showed a
No IStribution, dependent on the position of the sample in the muscle. In the centre, where the highest concentrations of nitrites were
Xemn. A Telative contents of nitrates was minimal, the further off the centre the higher concentration of nitrates was noted. Figure 1 ;hows
nitrites t)y Concentrations distributions of the sum of nitrates ané nitrites along the sample diarr_leter and figure 2 - di;tﬁbqtions of ratios of
Ourg °fc3::nsum of nitrites and nitrates. The results marked with squares relate to the analysis after 2 hours and with triangles - after 24
8.
Mighs S'igniﬁcant variation of values of the ratio NO,’(NO,’ + NO5’) for meat samples taken from different carcasses was noted. It
Di:cu::?z:bly depend on variations of pH value and redox potential among meats.

¢ An_alytical solution of a differential quadratic equation describing, according to Fick’s law, the diffusion phenomenon, was in our

First I;facu(;any impossible. Also all the simplifying assumptions like uniformity of material and lack of substrate losses were u_nacceptable.

they, al, moreover, the initial distribution of nitrite concentration (x;, X2, X3, {) in the moment ¢ = 0 was unknown.‘In such cxrcqms@nces

CQnCemas ?ppligd an interpretation method consisting in attributing to the phenomenon the arbi}ral_ solption in which thg eqqallzatlon of

disgy; Tations in any direction goes with another finite value of diffusion factor a; and the distribution of concentrations 1S a qomal

In thi Ution in the diffusion area. For three-dimensional space it means that points of equal concentration lie on the surface of an ellipsoid.
“Onnection a typical solution of a diffusion equation:

du d*u d*u d’u i
e =g i (1)
dt \dx? dxzz dx”3
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he Very assumption got a form:
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the emp: f:0ncentrat|on, x; X» x3- co-ordinates in three-dimensional space, 7 - time, a; a2 s - diffusion coefficients on the main axis of
oid.

Valyeg In °§der to determine numerical values of the diffusion coefficients, a network of a normal distribution was madp and concentration
bein Or different values x; and time 7 were marked on it. The concentration values were recalculated to an undimensional parameter F(x)
Nope. € Tatio of the concentration u, in any place x of the axis to the maximum concentration e in the place x = 0, divided by 2. In'the

Ystribution network the experimental points lie on a straight line what confirmed the normal distribution of the concentration.
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From the figures the standard deviation values of the given distribution S, were graphically determined. It was dimensional (in cm) and
according to the equation (2) it should depend on a diffusion constant a; and the time of curing / for the chosen direction of diffusion:

S, =2\7-a,-t (€))
Thus we should obtain an equation S, = f . ‘/3 in the form of a straight line crossing the beginning of the co-ordinate system.

For the example shown the calculated coefficient of diffusion in the horizontal direction determined by the cross-section of muscle
was a; = 7,5 - 10 cm? sek™. For the diffusion along the vertical axis of a muscle the diffusion coefficient was a;=18 - 10® cm? sek™. T
nitrite diffusion coefficient in the pork longissimus dorsi muscle determined by Fox [1] was 13 - 107 cm? sek™, so it was 10 times high”
than those determined in the present work. The difference results, most likely, from entirely different conditions of the experiments.
model conditions of the experiments carried out by Fox did not represent those which took place inside muscle tissue after brine injection-
Conclusions
L. Propagation rate of the front of nitrite and nitrate diffusion in injected muscle was proportional to the square root of time what means thé*
the process went according to the Fick’s diffusion law.
2. Concentrations of nitrates and nitrites in the diffusion area during the process of equalizing of concentrations were roughly of a normal
distribution.

3. Diffusion rate depended on the direction of muscle fibres. The differences in the diffusion coefficient values might be substantial, ever
to 2 - 3 times.

4. The highest contribution of nitrates to the sum of nitrites and nitrates was observed in the front of the diffusion what most probably
resulted from the loss of nitrites reduced to nitric oxide which reacted with hem pigments.

S. Values of diffusion coefficient calculated for the experimental data were 10 times higher than those given by Fox [1]. It might result
from the entire dissimilarity of the experiments carried out by this author in the course of which, due to the permanent excess ©
nitrites, their loss resulting from the reduction and oxidation could be unnoticeable.

At present the works aimed at elucidation of the mechanisms of the observed phenomena and especially the influence of pH Va!ue
and redox potential on the rate of change of nitrites into nitrates as well as influence of brine concentration and amount of injected brin€
on the process rate, are carried on.
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