Acta Agrophysica, 2007, 9(1), 31-38

RELAXATION INVESTIGATIONS OF FORCEMEATS AND SAUSAGES
WITH AN ADDITION OF PLANT FAT

Hanna Maria BaranowsKaEl:bieta Piotrowsk3 Wtodzimierz Dolata

!Department of Physics, A. Cieszkowski Agricultureitersity of Pozna
?nstitute of Meat Technology, A. Cieszkowski Agriitire University of Pozna
ul. Wojska Polskiego 38/42, 60-637 Poizna
e-mail: hmbar@au.poznan.pl

Abstract. The aim of the performed investigatioras wo analyse water binding in forcemeats
and finely-comminuted sausages manufactured withatidition of plant fat. Comparison of relaxation
parameters with values of the free water conterglation to the total water content in sausages/sti
that plant fat is much better dispersed in theesysiThe quantity of bound water increases andds m
lecular dynamics is limited considerably. This &xer significant impact on the quality of the oleai
products. The applied partial replacement of anfataby plant fat results in increase of free watar-
tent in the system, in comparison with productdainimg only one type of fat.
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INTRODUCTION

The consumer market is interested in products of pro+galihnature. Meat
articles of the ‘hot-dog’ type contain high quantities of fattempts to apply
substitutes which reduce the fat content, undertaken earliear(®askaet al,
2003; Baranowskat al., 2004a, Piotrowskat al, 2004; Rezlert al, 2006),
showed that it is not possible to reduce drastically quantiti¢ki:fcomponent
without affecting the quality of the final product. Animal fatntain over 50%
of saturated fatty acids (Pikul, 1997). In addititve content of fatty acids in the
animal-derived fats depends, to a large extenthenvay of feeding and, therefore,
is difficult to control during the process of sagsaroduction. Current nutritional
trends indicate that the content of dietary traity fcids should be reduced. At the
same time, it is desirable to increase the condomptf unsaturated fatty acids.
Itis, therefore, advantageous to apply plant-derived fats foptbduction of
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food products and these fats are already employed to manufadiése (B&harte
et al, 2004; Esteveet al, 2004; Esteveet al, 2005).

No attempts have been made so far to apply plant fat to manefdictelry-
comminuted sausages. The aim of the performed investigationsovaaslyse
qualitatively and quantitatively the conditions of water bindindinely-ground
forcemeats and sausages containing plant fat. The studies waéee cait em-
ploying the technigue of low fielMR

MATERIAL AND METHODS

The experimental material comprised forcemeats of fineflyminuted sau-
sages as well as final products in which fine animal td veplaced either partly
or completely with plant fat. The basic
raw material composition is presented iffablel. Sausage raw material composition
Table 1.

. , _ Constituent Content (%)
The following two plant fats were used
. . Pork meat, class Il 48.65
in the experiments: Acorom®M and
Fat 20.88
AcoromalS manufactured by the Karls-
. Water 27.83
hamns Company. These two products differ _
. . R Spices 0.60
in the content of fatty acids, which is given
in Table 2 NaCl 200
Ascorbate 0.04

Table 2. Composition of fatty acids . .
P y The following 5 variants of force-

Fatty acids Content (%) meats were prepare8— containing only

OM Ls fine pork fat,OM — containing only plant

Trans 1 2 fat AcoromaOM, LS — containing only

Omega-3C18:3 ALA 3 5 plant fat AcoromaLS, OM/S — contain-

Omega 6C18:2 - 13 ing 50% of AcoromaOM plant fat and

Saturated 41 30 50% of pork fat, and-S/S— containing

Monounsaturated 44 49 50% of AcoromalLsS plant fat and 50%
Polyunsaturated 15 19  of pork fat.

The content of total water was de-
termined in accordance with the Polish standard (Baranoesskd, 2004. A
sample of 5 g was weighed (with 0.001 g accuracy) and drieddirer at the
temperature of 108 for 6 hours. Next, the sample was placed in a desiccator
until it reached room temperature and then weighed and placed in a drier again for
1 hour. This operation was repeated until the moment when the wdightmite
between individual weighings equalled 0.001 g. The content of watecal@as
lated from the following formula:
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Ww= @ 100 (1)
where:a — weight of one portion with filter paper before drying {@}; weight of
one portion with filter paper after drying (g), ¢ — weight of the portion (g).

The total water content was determined using the method of Viskaviand
Kelman modified by GracgBaranowskeet al., 2004). Wattman filter paper was
cut into squares of 8 cm sides and dried in a drier at theaieature of 8T for 8
hours. Filter papers prepared in this way were stored idebiecator. In order to
carry out an assay, exactly 0.3 £0.001 g of forcemeat was platied middle of
filter paper and covered with foil. Next the sample was pldmtiveen glass
plates and a load of 1000 g was placed on it. The load was rémafige 20 min-
utes and the size of the blot left by the forcemeat and dispowtined. The size
of the blot was measured using a planimeter.

The content of free wateMw) was determined according to the following
formula:

Ww=[(a-b)[1.766 100% )

where:a — surface area of the drip stain @nb — surface area of the forcemeat
stain (cr), 1.766 — calculation coefficient.

The spin-latticel; and spin-spiT, relaxation times were measured on a pulse
NMR spectrometer working at 30 MHz. Measurement$,oivere performed by
using the inversion-recovery pulse sequerreer{772) (Fukushimaet al 1981),
the distance betwedRF pulses ) varied from 4 to 2400 ms, repetition time 10 s.
During the measurements, BID signals were recorded. The number of points in
the signal amounted to 110.

Spin-spin T, measurements were performed by usinGRMG pulse train
(Carret al.,1954; Meiboonet al, 1958), with the distance between the pulses at 2
ms, the number of spin echoes was 50. In the measurements, 5 adomswulat
were applied. The measurements were performed 8€+20

The values ofl; were calculated from the formula:

M, =M O{l—Zex;{%D 3)

where:My andM, are the equilibrium and transient values of magnetisatioh, wit
the program CracSpin (Mlarzet al, 2000). Only one relaxation time value was
found for all the samples.

The spin-spin relaxation tim&;, was calculated from the fit with the formula
(Baranowskaet al.,2003; Baranowskat al, 2004a; Bertraret al, 2002):
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% -TE
M X,y = Z pi ex (4)
i=1 T2i
where:p; is the fraction of protons relaxing wiih; time.
Two fractions of protons were found relaxing with differd@attimes in all

studied samples.

RESULTS AND DISCUSSION

The content of water in the finished products waalysed. This parameter was
determined as the ratio of free water to the wter content. The obtained results
are presented in Figure 1.

Systems in which part
of the animal fat has been
replaced by plant fat are |
characterised by a high N
content of free water in
relation to the total water
content. This high free

water content may indicate
that the application of both 0.16 H ﬂ
s om

0.20

Ww/Wo

types of fat removes water

from the surface of proteins 0.15
and water contained in the
fat tissue as a result of ther'Fig. 1. Relative water content in sausages

mal treatment. The reduc-

tion of the relative free water content in systeroataining plant fat indicates the
development of emulsions and immobilisation of pawater.

Relative quantitative proportions between the content ofvWieger and bound
water are analysed on the basis of the results of timelagpice T, relaxation
times. Figure 2 shows value changes of this relaxation timedovidual force-
meats and sausages.

Differences in therl; values for individual forcemeats were found. Identical
results were recorded in the samples from the final produibts total replace-
ments of animal fats by plant fats reducedThealues both in forcemeats and in
the finished products. The best water binding was found whdrStfe was em-
ployed. The application of both types of fats — animal and plaaused that in
forcemeats thd&; values were much higher than those obtained for forcemeats
and sausages containing only one type of plant fat or in forcemdwth con-
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tained only animal fat. Water present in a system whaitains animal fat is
weakly bound. The thermal treatment applied to forcemeats rethie&dvalues
due to protein denaturation (Baranowskal.,2004). Water molecules are bound
in sorption places exposed by denaturation.

The obtained results show
that the application of plant
fat to manufacture finely-

650 comminuted sausages allows
obtaining products charac-
600 1 terised by better water bind-
ing already at the stage of
550 | forcemeat preparation. In
H H H addition, it can also be said
N 1 GO A |
s oM

T1 (ms)

that plant fat is better dis-
persed in the multi-phase
system and, consequently,
iy water molecules bind with
muscle proteins with no
Fig. 2. Ty values in the examined forcemeats and sausages COMPpetition from proteins
contained in the fat tissue.
The application of two types of fats in the production of finelyugid sausages
caused a significant reduction of water binding.

The quantitative description of mutual proportions between fneebaund
water can be supplemented by analysis of the molecular dynafmieter mole-
cules in both fractions (Baranowskgal., 2003; Baranowskat al, 2004a). Val-
ues of relaxation times describing the dynamics of bound water ufedeare
presented in Figure 3. A shortening of the spin-spin relaxatiors imeystems
containing only plant fat is observed in comparison with the renwisystems.
Simultaneously, the replacement of part of animal fat inefoats by plant fat
reduced the values of this relaxation time.

In the case of systems containing animal fat, tieligtle bound water and it is
dynamic. This may indicate a considerable labilfthinding of water molecules with
muscle proteins. The utilisation of plant fats gudees a significant reduction of the
molecular dynamics of this water fraction and, leerthe water binding is stronger
and more stable.

Values of theT,, spin-spin relaxation time presented in Figure 4 reflect the
dynamics of free water molecules.

Free water was the most mobile in the forcemeats anddindlicts contain-
ing animal fat. The application of plant fat reduced the valuthisfparameter,
indicating restriction of molecular dynamics of free waitethe system. The ap-

500 -

LS OM/S LS/s
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plication of only plant fat ensured not only a retibn of free water in relation to
bound water but also inhibited its dynamics. Thdgomed investigations revealed
that the utilisation of plant fats improved sigo#ntly water binding parameters.
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Fig. 3. Values ofT,; in the examined forcemeats and sausages
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Fig. 4. Values ofT,, in the examined forcemeats and sausages
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In the case of the forcemeat which contained onigal fat, water is bound primar-
ily on the surface of myofibril proteins which arenstituents of meat. The replace-
ment of animal fat by plant fat causes that theegsof water, not connected with
meat components, forms emulsions and limits theuainof free water as well as its
dynamics. Both the relaxation measurements andi¢termination of the relative
content of free water in relation to the total wakentent indicate that the addition of
plant and animal fats results in very weak water bindimd) consequently, deteriora-
tion of the quality parameters already at the stddercemeat preparation. This may
have a negative impact on the rheological parametiethe final products and may
cause considerable thermal drip.

CONCLUSIONS

1. The replacement of animal fat by plant fat characterisdddher salubri-
ous properties in the production of finely-ground sausages improves fihg gua
the products.

2. The employment of plant fat to manufacture finely-comminutedagass
reduces the content of free water in the system in conopawgh systems con-
taining animal fat.

3. Molecules of free and bound water in systems containing plaentefahar-
acterised by limited mobility and develop more stable bonds.

4. The simultaneous addition to forcemeats of animal and planinfaeases
considerably the amount of free water in relation to bound water in thensyste
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Streszczenie. W pracy analizowanazenie wody w farszach iagdlinach drobno rozdrob-
nionych, wyprodukowanych z dodatkiem ttuszczglimaego. Poréwnanie parametrow relaksacyjnych
z wartdgciami zawartéci wody wolnej w stosunku do ogéinej zawddonvody w wedlinach wykazato,
ze tluszcz rélinny jest duo lepiej dyspergowany w uktadzie. Wzrastadlavody zwhzanej, a jej dyna-
mika molekularna jest znacznie ograniczona. Mastioiny wplyw na jak& uzyskanych produktow.
Czesciowa zamiana tluszczu zwierego na rélinny powoduje wzrost zawaga wody wolnej w ukia-
dzie w poréwnaniu do wyrobow zawieg@ych tylko jeden rodzaj ttuszczu.

Stowa kluczowe: tluszcz, farsz, magnetyczny rezergirowy, woda



