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Abstract. The aim of the study was to investightedffect of temperature on the rheological
properties of model meat batters with differentréegof replacement of animal fat with the plant fat
Akoroma OM subjected to thermal processing as waslthe final products manufactured from
them. Using the DMTA (Dynamic Mechanical Thermaladysis) technique, the author determined
basic parameters at different temperatures. Thécafipn of the hydrogenated plant fat (Akoroma
OM) as a pork fat replacer contributes, primaritya better dispersion of the fat and binds it with
the structure of the finished product. This is apptin the increase of the elastic propertieshef t
final products and decrease of the cooking loss.
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INTRODUCTION

It is possible to observe changes in the dietary habits oPdfish society,
which is reflected in the fact that people pay increasinglyerattention to appro-
priate nutrition. This is apparent in the increasing demanantat products in
which the dietary energy carrier — fat (especially faamifmal origin) - has been
significantly decreased. The fat contained in the formanatiof minced scaled
meat products can negatively influence their propertiegakatnaterials have an
extremely important functional role to play since they affaatong others, the
texture and juiciness, and are carriers of palatability (Betal. 2001, Resurrec-
cion 2004, Woodt al. 2004) The fat contained in food products reacts with fla-
vour substances leading to their sensory stability. Many Polistunmrs prefer
finely-comminuted sausages (frankfurters type) in which, wniately, the fat
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content may exceed 30%. This is due to the fact that these saasagelatively
cheap. In addition, the absence of apparent fat on the cross-s#ctimse sau-
sages often gives a misguided conviction that these are dietary products

However, it is not at all easy to prepare a formulationesf assortments of
sausages of a reduced calorific value (Piotrovetla. 2004, Tarrago-Tranrgt
al. 2006). In order to achieve the best functional and nutritional resultssgda-e
tial to select an appropriate fat substitute which camagitiee the correct quality
and nutritional value of the final product. One of the methodsh@ee it is to
replace animal fat by plant fat.

The performed review of literature on the subject showedIglédzat, cur-
rently, researchers pay more and more attention to investigaif interrelation-
ships between the structure of meat-based materials anduiffanctional addi-
tives depending on moisture content, temperature and the physigarties of
food products (Allaist al. 2004, Brondunet al. 2000, Curtet al. 2004, Estevez
et al. 2005, Hannest al. 2001). Despite the increasingly wide-spread application
of rheometric techniques (Borbetsal. 2003, Fabiane Guerstal. 2005, Ker and
Tolledo 2000), only few studies were devoted to interrelationshipgebat the
molecular structure and values describing the macroscopic pespef poly-
dispersive materials which are represented by meat-comminuisagss.

MATERIAL AND METHODS

The experimental materials comprised forcemeats of fimdéhged sausages
(control sample) — Table 1 — and batters in which the animaldatreplaced by
the Akoroma OM fat (Tab. 2). This is a hydrogenated mixture arftdats con-
taining in their composition the n-3 polyunsaturated fatty acids (Tab. 3).

Table 1. Basic composition of the control The process of cuttering lasted 9 min-
sample of the experimental batters utes. The final temperature of the forcemeat

did not exceed TC. The capacity of the

I 0,
Pork m(e:;tnsptclljz:; i Conzesn_;(/o) cuf[ter was 22 di the rotation rate (_)f the
Fat trimmings 20.9 knives was 3000 rpm, and the rotation rate
Water 27.8 of the cutter bowl was 20 rpm. The rheologi-
Curing mixture and NaCl 2.0 cal properties of the batter at different tem-
Spices 0.6 peratures were studied by the DMTA (Dy-
Sodium ascorbate 0.04

namic Mechanical Thermal Analysis) method
using a mechanical relaxometer (Rezler and Poli@gkii). It is a prototype oscil-
lation rheometer which operates on the principle of arsabfdiree vibrations of the
reversed torsional pendulum. In the course of thdopmed investigations, the
author determined the component values of the amaidity modulusG; (stor-
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age modulus)gd and dynamic viscosity coefficiemt at the temperature range of
20-85C (the temperature was measured in the centre afaimples).

Table 2. Percentage content of pork fat trimmings Table 3. Basic composition of the
and plant-derived fat Akoroma OM in the examined Akoroma OM plant-derived fat (in %)
batters

Variant K Lo Protein 0
Pork fat timmings  100%  50% 25% 0% Carbohydrates 0
Akoroma OM 0% 50%  75% 100% Saturated fat 41
Monounsaturated fat 44
Analyses of the modelling sausage batters (dtolyunsaturated fat 15
the temperature of 20) were conducted 24 Cholesterol <0.005
hours from the moment of cooling of the previ-Trans fatty acids <0.001
ously heated forcemeat (& for 30 minutes). gjpre 0

The frequency of free vibrations of the systemy  iim
was 0.363 Hz. The results are mean values-fot
three repetitions. The cooking loss content wasrd®bed using the method devel-
oped by Kijowski and Niewiarowicz (Kijowski and Nw&arowicz 1978).

The aim of the investigations was to determineintigact of the replacement of
animal fat in the meat batter by the plant fatr@forcemeat rheological properties in
the course of the thermal treatment and of thé fireducts obtained using the ex-
perimental forcemeats.

0

RESULTS AND DISCUSSION

The essence of the production of finely-minced sausagesdimly in ensuring
the appropriate degree of comminuting all raw nigteonstituents as a result of
the cuttering process with the participation ofavdice). Important changes take
place in the processed raw materials during the aufteriocess. A completely new
physical system is formed which alters the initlaysical and chemical structure of
all chopped constituents. This leads, primarilyghanges in the properties of meat
protein and fat raw materials. Following the cuttgmprocess, the obtained force-
meat constitutes a dispersion system consistirtheofollowing two phases: con-
tinuous hydrocolloid phase (aqueous, colloidal tatuof proteins and true fine-
molecular compounds soluble in it) and discontirupliase made up of condensed
forcemeat constituents (fat and muscle tissueghesti micelles of dissolved and
suspended protein together with electrolytes bowitld them ionically). Conse-
quently, the obtained forcemeat constitutes a sysi€ varied and dynamically
diverse balanced spatial structure. The applicatibthe thermal treatment aims,
among others, at the stabilization of the develaystem.
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During the applied thermal treatment, we can distinguish, basidhliee
temperature areas of value changes of the elasticity mo@uhlkich are charac-
terized by varying courses regarding both the value and chachdtee changes;
the first of them, from 20 to about 4@ the second — from 40 to €5 and the
third — above 6%. Each of them is characterized by different intensityhef t
physicochemical processes affecting the rheological propeftide forcemeats
in the course of the thermal process.

The first figure presents temperature relationships of thditignodulus G,)
of the examined forcemeats, the control, and those with the pardplated by
different amounts of plant fat.
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Fig. 1. Temperature interrelations of the storage mod(®3 of model forcemeats: control and
with the replaced fat

The initial (from 20 to about 4Q) and the final (6% to 85C) temperature
intervals were characterized by the highest dynamics of whlarges of the ri-
gidity modulus G,). In the case of the 20 to abouf@dnterval, a distinct value
dispersion of the rigidity modulu$s{) can be noticed, and this occurs both in the
control and the modified systems. Any further increase of teryperaauses
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only slight changes of the value of the above mentioned modulusrityisvhen
the treatment temperature increases from abol & 85C that its value in-
creases rapidly.

Correspondingly to the temperature changes in the value of tluityrig
modulus, temperature changes of the course of the loss taggeralue were
analysed (Fig. 2).
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Fig. 2. Temperature interrelations of the loss tandegd) of model forcemeats: control and with
the replaced fat

The systems show a declining capability to diffuse mechaaioalgy in the
entire interval of the examined temperatures.

Our earlier studies (Rezlet al. 2003, Rezlert al.2003, Rezleret al. 2004)
showed that, apart from protein and water, fat aorapt is the main constituent of
the hydrocolloid continuous fraction of the exardiriercemeats. At room tempera-
ture (20C), pork fat is at the solid state, in contrast to plant fathwlat this tempera-
ture, is primarily at the liquid phase (21% in #wdid phase form). This exerts a cru-
cial effect on the diversification of the valuetié rigidity modulus G,) for the con-
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trol forcemeat (about 4000 Pa) and for the forcemath the entire animal fat re-
placed by plant fatG;~10000 Pa). Fats which occur in a liquid form @age (plant
fats) disperse easier and are emulsified much fastesdtitid(animal) fats. Probably,
this favours the development of a more compact spatiardisp structure of all raw
material components of the batter. This findsatkection in the value changes of the
dynamic viscosity (Fig. 3) which, together with itherease of the degree of the ani-
mal fat replacement by plant fat, increases itseval comparison with the forcemeat
containing only pork fat.

The observed dispersion area of the rigidity mod@uduring the initial in-
terval of temperature changes (20 t6@0(Fig. 1) is associated with the fat phase
transfer.

Fat liguefaction leads directly to increased hydrocolloid lidquidif the
forcemeat continuous phase and, in addition, favours the liberatiwatef dis-
persed in them, which, additionally, increases the liquidity ofsifstem in the
analysed temperature interval (20 td@pand leads to distinct changes in the
value of the dynamic viscosity (Fig. 3).
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Fig. 3. Temperature interrelations of the dynamic visgosftmodel forcemeats: control and with
the replaced fat
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It is the envelope formed by soluble proteins around fat pestibat decides
about the structure of the spatial hydrocolloid continuous and disaons
phases developed as a result of cuttering. These are, prinmayibfibrillar pro-
teins (actins and myosins) liberated from the structure of utarstibres. These
proteins form in the cutter batter spatial matrixes maimgimiater-fat emulsion
(Carballoet al. 1996).

In the temperature interval of 4065 the elastic response at the level of
about 4800Pa depends on the resistance of protein and meat partiplenents
of the forcemeat. Therefore, the elastic reaction of thenimeal systems is not
influenced by the substitution of fat.

Heating at the temperature interval of 40 t6G&ads to irreversible changes
in the hydrocolloid structure which has a crucial influence omdévelopment of
the rheological properties of forcemeats subjected to thm#héreatment as well
as in the final products.

In the course of the initial range of the analysed tempega{d@to 65C),
phenomena associated with the gelation of protein components take place.

Following denaturation processes and, later on, gelation (located &em-
perature interval of about 50 to 60 (Boyeret al. 1996, Brondunet al. 2000,
Hey and Sebranek 1996) protein polypeptide chains undergo development. This
type of conformation favours structuring of the hydrocolloid phase éB8C)
as well as water association which may bind with the hydropinitiaps of poly-
peptide chains which were until then unavailable. This leadsetaévelopment
of new bonds and, therefore, formation of a more compact spttiatuse of
forcemeats, whereas proteins themselves act as meaaeédtanical stabilisers.
This is evident both in the increase of the rigidity mod@ugFig. 1) above the
temperature of 6& as well as in the decrease of the capability for energy dissipa-
tion (Fig. 2).

The restructured products must be characteriseal dpecific texture. From the
point of view of food technology, the texture obébproducts is associated with me-
chanical-rheological properties which also deteenttiio a significant degree.

The application of the hydrogenated plant fat (Akoroma OMgpbace pork
fat results, primarily, in a considerably greater fat disiperand its better binding
with the structure of the finished product. This finds its réfdecin the consis-
tency of the forcemeat as affected by the structuraisgarocess as evidenced by
the increase of the elastic properties of the final prodaetismpanying increased
level of replacement of the animal fat by plant fat.

This is confirmed by the increasing values of the rigiditydulus (Fig. 4) ac-
companied by a simultaneous maintenance of the same levapalilities for
the dissipation of the mechanical energy (Fig. 5).
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Fig. 4. Interrelations of the storage modul@, X of model forcemeats subjected to thermal treat-
ment, after cooling, with the replaced fat
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Fig. 5. Interrelations of the loss tangdtdd) of model forcemeats subjected to thermal treatraent
the temperature of 86 after cooling, with the replaced fat
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At the same time, it may be said that the introduction aftdlt (Akoroma
OM) as the swine fat replacer results in better wateritgnes reflected by a
smaller cooking loss of the finished products containing the AkorOMafat

(Fig. 6).
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Fig. 6. Impact of the replacement of animal fat by the #koa OM plant fat on thermal drip, in %

CONCLUSIONS

1. Changes caused by the temperature increase within theumrgiphase
of forcemeats initially lead to fat liquefaction and liberatafrwater dispersed in
them, which results in increased liquidity of the system.

2. The structuring (gelation) processes of the previouslytdesthprotein
components occurring at higher temperatures (abo%)G@anifest themselves
mainly in the increase of th8, value and drop of thiyd, which indicates grow-
ing elasticity of forcemeats subjected to the thermal treatment.

3. The application of the hydrogenated plant fat (Akoroma OM) as a r
placer of pork fat results, first and foremost, in a bdtedispersion and binding
with the structure of the finished product as evidenced by ttredsed elastic
properties of the finished products.

4. The replacement of animal fat by plant fat reduces the anabwwater
and fat drip and, consequently, may result in increased productioremtf of
finely-comminuted sausages.
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WPLYW TLUSZCZU RGSLINNEGO AKOROMA OM NA WEASCIWOSCI
MECHANICZNE DROBNO ROZDROBNIONYCH FARSZOW MISNYCH
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Streszczenie. W pracy badano wptyw temperatury tagciwosci reologiczne modelowych
farszéw mesnych ze zrénicowanym stopniem wymiany ttuszczu zwigrego ttuszczem ginnym
Akoroma OM, poddawanych obrébce termicznej jakaduktéw finalnych. Wykorzystag techni-
k¢ DMTA (Dynamiczno Mechaniczna Analiza Termicznajeslono temperaturowe zmiany warto-
$ci podstawowych parametrow charakteryeyph te widciwosci. Zastosowanie uwodornionego
tluszczu rélinnego (Akoroma OM) jako wymiennika ttuszczu wigpwego przyczynia siprzede
wszystkim do lepszego zdyspergowania tluszczu hzaviia go ze struktargotowego wyrobu.
Przejawia si to wzrostem wigciwosci sprzystych produktdw finalnych oraz zmniejszeniensdio
wycieku termicznego.

Stowa kluczowe: reologia, ttuszczétimny, drobno rozdrobnione farszegsine



