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Abstract. The paper presents concentration andaenpe interrelationships of relaxation
parameters in hydratgdC400 protein preparation. Investigations were conduetétin the range
of concentrations from 0.08 g'do 0.21 g g and the range of temperatures froMi@@ 60C. On
the basis of concentration investigations, the &yon value of the preparation was determined and
it was found to amount to 0.20 g per 1 g of nonrhted preparation and did not depend on
temperature. Temperature experiments allowed déeigrgnthe temperature of the phase transition
of the hydrated preparation. This temperature anseglito 39C. The molecular dynamics was
studied analysing the parameter proportional toatverage reorientation correlation time of water
molecules. It was found that, at the concentratib®.12 g ¢, the correlation time was the longest,
which testifies to the constraint of the dynamitsvater molecules in the system. Restriction of the
molecule rotation at that concentration indicabed the developed gel was the strongest.
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INTRODUCTION

It is becoming increasingly common to manufacture food using functional
additives acting as substitutes of a part of their bamistituents. In the case of
the production of finely comminuted sausages, part of meateis séibstituted by
preparations containing animal proteins which, simultaneously, imptose
quality of the product.

Investigations carried out on the rheological properties (Rezlal. 2006)
and the state of water binding (Baranowskal. 2006) in finely comminuted
sausage forcemeats and in sausages with the addition dGZG#@0 protein
preparation showed that the best results were achieved udiag hgdration at
the ratio of 1:7.5 (1 part of the preparation to 7.5 parts oénnathis level of
hydration was neither the highest nor the lowest. That isimigstigations were
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undertaken with the aim to determine concentration correfatadnrelaxation
parameters in the water systems of the preparation suspensibimsthe range
of concentrations including the hydrations of the preparation employed earlie

MATERIAL AND METHODS

The experimental material was tli€400 protein preparation obtained form
pieces of pork skins, manufactured by the INTERQdRpany (INTER JJP 2004).
This is an extract which contains 91% protein of which 70% iagah and 9% —
fat, Water suspensions were made, with concentrations rangin@fé@y ¢ to
0.21 g . The range of concentrations corresponded to hydrations from 1:11.25
to 1:3.75. Samples were prepared directly in measuring test tfb@.8 crm
Additionally, hydration of the preparation was conducted for 18 deya the
gaseous phase, at the temperature ofG28amples of dry preparation, of 0.8 g,
were placed in measuring test tubes and put into a desios&todistilled water.

In the system hydrated from the gaseous phase, the amount ofpeatke g of
unhydrated preparation (hydratiét) and the relaxation time spin-lattide were
measured. Measurements of the spin-laificend spin-spifT, relaxation times in
the hydrated systems were conducted. The investiggativere carried out with the
assistance of thieMR impulse spectrometer operating at the frequen80d¥iHz.
Times of the spin-lattice relaxation were investigated using thesioverecovery
pulse sequence (Fukushiranal. 1981), while the Carr, Purcell, Meiboom and
Gill (Carr et al. 1954, Meiboomet al. 1958) impulse sequence was used to
measure the spin-spin relaxation times. Relaxation studies bjtinated system
from the gaseous phase were carried out at controlled tenmegewdt +20C.
Measurements of the hydrated systems were carried out atrésuonpe ranging
from +20C to +60C. Analysis of the results of direct measurements revealed a
mono-exponential re-growth of the value of the longitudinal constitaént
magnetisation and a mono-exponential disappearance of amplitusida tfaits.
This testifies to a rapid exchange of protons in the system.

RESULTS AND DISCUSSION

Concentration correlations of the spin-lattiRe and spin-spirR, relaxation
rates in the systems of the hydrated protein patiparare shown in Figures 1 and 2.

Values of both relaxation rates change depending on the conicentiad
temperature. In the case of the lowest concentration®;thalues change from
about 0.3 3 for the temperature of +20 to about 0.8 Sfor the temperature of
+60°C, respectively, while thB, values change from 1.5 §T = +20°C) to about
2.1 s' (T = +6(°C). For the highest concentrations, the values of relaxati@st
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change as followd®, — from about 0.7°5(T = +20C) to about 1.3°5(T = +60C),
andR,: respectively from 3.2°5(T = +20C) to about 5.0°5(T = +60C). It was
found that in the examined systems, the spin-spin relaxation was thredastes
than the spin-lattice relaxation.
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Fig. 1. Concentration correlations of the spin-latticexxaktion rates in the systems of the hydrated
protein preparatio@C400
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Fig. 2. Concentration correlations of the spin-spin refi@xarates in the systems of the hydrated
protein preparatio€C400

The R; relaxation rate is the opposite of thespin lattice relaxation time. In
hydrated biopolymer systems, concentration relationships of theatiela rate
are described by the equation (Zimmerrgaal. 1957, Daszkiewicet al. 1963)

_Hicr,
R = [Rn-Ru*Ry (1)
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where:c is the biopolymer concentration expressed iff gRg, is the rate of water
relaxation bound on the biopolymer surface, Ragis the relaxation rate of non-
bound water.

Data obtained from the relaxation measurements allow asgegathe
hydration of the protein preparation H and determining the \ailtlee relaxation
rate of bound R, and unbound R;,, water.

Table 1 presents the hydration values obtained for different temmexatu

The hydration of the protein preparation does not _
depend on temperature and amounts to 0.26 §loe Table 1. Hydration values for

. . . : the CC400 protein preparation
value of this parameter determined with the assistanggifterent temperatures
of the desiccator method amounts to 0.18g The o

<1

observed discrepancies in the hydration values of tthO HOQZ%
examined preparation can, most probably, be 0'21
attributed to the fact that the preparation was not 4, 0:19
properly dried prior to the hydration process. 50 0,20
The relaxation rate of the spin-lattigg of bound 60 0,21

water, determined for the sample subjected to hydra-
tion from the gaseous phase, amounts to 16:80sing formula (1), the value of
the relaxation rate of the free water fraction and the boundr Viraetion at
various temperatures was determined. At the temperature o +#2@ relaxation
rate of the bound water fraction determined from the relaxatieasurements
amounts to 17.017s The obtained results indicate that tNMR relaxation
technique can be employed to determine the hydration values.

Figure 3 shows the concentration relationshipkefélaxation rate for free water.
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Fig. 3. Temperature correlations of the spin-lattice xalen rate of free water in the hydrated
CC400 protein preparation
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Together with temperature increase, the relaxation rateisofvéliter fraction
declines linearly. The value of the relaxation rate at émeperature of +2C
amounts to 0.36”s which is in agreement with literature data for the 30 MHz
frequency. Value changes in the spin-lattice relaxatie for bound water are
shown in Figure 4.
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Fig. 4. Temperature correlations of the spin-lattice xal®n rate of bound water in the hydrated
CC400 protein preparation

In contrast to the unbound water, the spin-latéidaxation rate of bound water is
not a linear function of temperature. Minimurp value is observed at the temperature
at which the conformation change of the biopolyprebably takes place.

The relaxation rate is a function of the spin precession freguand r.
(sometimes called correlation time) which approximates itne required to
change the molecule orientation by 1 radian. In accordance witthelbeytof
Blombergen, Purcell and Pound (Bloembergeal. 1948, Hennekt al. 1993),
both relaxation rates are described by the formulas:

1_ 3(“0]2 v'n? Te 4 4t 2)
T, 10(4n) ¢ |1+(@ ) 1+(2a@x, )

2
T PO - ®
T, 20l4n) f | ° 1+(@m. ) 1+(2@, )

where: p — vacuum magnetic permeability;- gyromagnetic ratio = (h/27) —
h — Planck’s constantg — radius of rotating molecule.
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In systems characterised by low viscosity, a multiple charighe molecule
orientation occurs within one period of spin precession. This i$ kdppens, for
example, in the case of clean water. In this caseathdactor << 1 and both
relaxation rates are identical and their values are propaitto the value of the
correlation time and do not depend on the precession frequency. émsyist
which the correlation time is long, ther. factor >> 1 and, in this situation,
differences in values of both relaxation rates were observéisinase, formulas
(2) and (3) take the form:

6 y'n2 1 1
=l — 4
R 10 1y @’r, “)
2
SNALSY ©)
20 1,

The spin-lattice relaxation rate is inversely proportional to the camelame
value and depends on the precession frequency. The spin-spin relaxatimesate
not depend on the precession frequency and is proportional torteéation time
value. Therefore, it can be said that:

R, 3

2 =-w'r] (6)

R 4

The ratio of both relaxation rates is proportional to the vafuthe@ mean
correlation timer..

Employing formula (6), measurements of the relaxation rates aitimating
the value of the mean correlation time of water molecules irsygeem. The
temperature dependence of the correlation time can be desaithesatisfactory
approximation using the Arrhenius equation:

—_ Ea
I.=1, exp{ RT) (7

where:R — gas constanil — temperature in absolute scaig— constantfg, —
energy barrier for molecule reorientation.

Using the above dependence, the temperature of the phase system transition of
the hydratedCC400 protein preparation was determined (Fig. 5 and 6).
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Fig. 5. Temperature correlations of the spin-lattice relaxation rate of the hydrated systd the
CC400 protein preparation
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Fig. 6. Temperature correlations of tRg, spin-lattice relaxation rate of bound water

Graphically determined temperature of the phase transition amouB€C
and does not depend on the preparation concentration. Tie temperature
of phase transition was obtained when analysing temperataiue changes
of relaxation rates of the bound water fraction.

Figure 7 presents concentration correlations of the spin-spixatiela rate
ratio to the spin-lattice relaxation rate which reflects ittean correlation time
of water molecules in the system.
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Fig. 7. Concentration correlations of thH® spin-spin relaxation rate ratio to tf& spin-lattice
relaxation rate of the hydrated system of@@400 protein preparation

A maximumRy/R; value is observed, and it occurs for the concentration of
0.12 g ¢. Therefore, it can be concluded that, at this preparation corti@mtra
the values of the mean correlation time of water moleculeergation are the
highest. The restriction of the molecular dynamics of watefiroas its strong
binding in the system and the developed gel is stiff. This eplavhy the
addition of theCC400 preparation, hydrated at the ratio of 1:7.5, to sausages
exerted the most beneficial impact on the rheological propertisha dynamic
state of water in those systems.

CONCLUSIONS

1. Hydration of theCC400 protein preparation does not depend on tempe-
rature. The hydration value can be determined on the basis obizentration
correlations of the spin-lattice relaxation rate.

2. On the basis of relaxation investigations, the temperatureeophase
transition of theCC400 preparation was determined. It was found that the
temperature of the phase transition does not depend on the concemtidkion
CC400 preparation and amounts t0°G9

3. A maximum of the mean correlation tingg was found for the system
characterised by the concentration of ¢ = 0.12"gWater molecules exhibit the
smallest dynamics at this concentration.
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Streszczenie. W pracy przedstawionezehiowe i temperaturowe zaheosci parametréw
relaksacyjnych w hydratowanym preparacie biatkow@@400. Badania prowadzono w zakresie
stezen od 0,08 @i do 0,21 ¢4t i w zakresie temperatur od 2D do 66C. Na podstawie wynikéw
bada skzeniowych wyznaczono warié hydratacji preparatu, ktéra wynosi 0,20 g na Ingrae-
uwodnionego preparatu i nie zafeod temperatury. Badania temperaturowe pozwoléyokre-
lenie temperatury przéjia fazowego hydratowanego preparatu. Temperatravynosi 38C.
Dynamike molekularn przeledzono analizac parametr proporcjonalny déredniego czasu
korelacji reorientacji molekut wody. Stwierdzone, przy s¢zeniu 0,12 & czas korelacji jest naj-
diuzszy coswiadczy najwikszym ograniczeniu dynamiki molekularnej wody waddie. Ograni-
czenie rotacji molekut przy tymegteniu sugerujeze utworzonyzel jest najsilniejszy.

Stowa kluczowe: hydratacja, MRJ, preparat biatkowgda



