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Abstract. Temperature changes in batters, in thadtation of which 3% of fat was replaced
with potato starch E1412 prepared in various waxse investigated using the DMA method with
the application of a mechanical relaxometer. Inardrl, starch was added in the dry form during
chopping, whereas in variant Il it was added inftren of starch dispersion, and in variant lll — in
the form of gel. Batters with the basic formulatioanstituted the control sample (variant 0).
At room temperature the solid phase of fat detesahithe rheological properties of batters, both the
control one and those with starch preparation B2 b#iled to replace fat (as dry mass, as suspearsibn
as starch gel), irrespective of the mode of starglduction. Increasing temperature induces at fir
changes in the continuous phase leading to ligtiefaof fat and release of the water dispersed in
the fat, which increases the system fluidity. Repiaent of fat by dry starch preparation and its
suspension does not have a significant effect enctinformational changes taking place in the
hydrocolloidal-fat phase (40-80), so also on the structuralisation of batters Jtarch preparation
is not an elastic but a viscous factor. The finaldoicts with fat replaced by starch preparation (as
dry mass, as suspension and as starch gel), iotespef the mode of starch introduction, are
characterised by greater elasticity than the unfiemtproduct. The lowest plasticity and the highest
elasticity are shown by the systems with fat regdiloy starch gel.
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INTRODUCTION

It has been established beyond doubt that excessive intake of fatapisie
of obesity, arteriosclerosis, angina pectoris, diabetes and some smeiapla
changes. The tendency, recommended by dieticians and motivated by health
protection, to lower the intake of fat has prompted much effort towards
development of reduced-energy food products, including low-fat meat products
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Meat products of reduced calorific value can beaiabd by reduction of fat content
in traditional products or by the use of fat subtts of lower energy value [1].

Recently, much attention has been paid to substances of natural otisynthe
origin known as hydrocolloids or structuralisation factors. They aostlyn
applied as components modifying the structure and texture of food products
through densification, gelation or emulgation [2,7,8,10,11].

Total elimination of fat from meat products is impossible becéatse along
with proteins and water, are the main components of meat. The fahuhete the
rheological properties of batters, texture of the final product, astetand
succulence [9,12], and has a significant effect on the stabilitymodséon in
highly refined meat products [5,6].

From the point of view of food technology, the memobrrheological properties of
a product are strictly related to its texture [31B However, only a few authors have
been interested in the relation between the changhe molecular structure and the
parameters describing macroscopic properties gdpersed products of complex
internal structure, such as meat products.

The aim of this study was to check the effect of the mode of tigdraf
starch preparation on the supermolecular structure of batters, antetmide
the effects of the changes in the hypermolecular structure on ¢lbhano-
rheological properties of meat products on the example of highly define
sausages.

MATERIALS AND METHODS

The experimental material was prepared on a semi-technologaial he
raw product was pork meat of third class (48.71%), fine fat (20.88%ér \aat
the level of 27.83% of the mass of meat and fat, additions (NaCl) (2%) and spices
(0.58%). In the batters, fat was replaced by starch densifier E1418 add@go
either as dry mass Y¥ariant) or as a suspensiofi®(2ariant) or as starch gel'{3
variant). The control sample was batter without starch addition pideess of
chopping lasted 8 minutes. The final temperature of the batters did not exceed 11-
12°C. The capacity of the cutter was 22%lthe rotation rate of the knives was
3000 rpm, and the rotation rate of the cutter bowl was 20 rpm.
Temperature changes in the rheological properties of battersstuglied by
the DMA method using a mechanical relaxometer described by Remter
Poliszko [13]. The quantities measured were: the components of theezompl
elasticity modulusG; and G,, the loss tanger(tgd) in the range 20-8&. The
frequency of free vibrations of the system was 0.363[Hz]. The nerasuts
were made 15 minutes after the system had reached the desired temperature.
The results are mean values for three repetitions.
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RESULTS AND DISCUSSION

Figure 1 presents the temperature dependencies of stieitglanodulugG,) of
the batters studied with fat replaced by starcipgegion in three forms (dry mass,
suspension and gel) and for the control sample.
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The temperature dependence of the elasticity modulus revealgdhges of
different characteristic behaviours of the modulus: from 20 to abdQ, 4@m
40 to 60C and above 6C. In the first range, 20 to about°@) the elasticity
modulus(G,) decreases with increasing temperature for all the sarspldied, that
is those with and without 3% of fat replaced. Further increasengieature
causes a small decrease of the modulus, and gténtim about 68C to 85C its
value rapidly increases.

The changes of the loss tangent with temperature are shown in Figure 2.

In the whole range of temperatures studied, theevall the loss tangent decreases,
which indicates a decrease of the relative capalolimechanical energy dispersion.
The fat replacement by starch preparation (irréshe of the form) leads only to
differences in the decrement and the level of iaages.

Along with water, fat is the main component of the continuous pbialsatters.

At 20°C it is in solid phase, thus at room temperature it determines the
rheological properties of the batters. This is confirmed by the vagkre of the
elasticity modulus (Fig. 4) for the control sample (~5800 Pa) and lower values f
the samples with fat replaced by starch preparation in dry fathsaspension,
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of 4400 and 3800 Pa, respectively. Comparable values of the elastazitylus
of the control sample and the sample with fat replaced by stetdbligw from
the gel contribution to the elasticity of the system.
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Fig. 2. Temperature dependencies of
the loss tangent for the batter samples
with fat replaced by starch preparation
in three forms: dry mass- square

points, suspension — triangle points,
gel — diamond points) and for the

control sample — circle points

The fast decrease (B, in the range 20-4C (Fig. 1) is related to the fat phase
transition. Liquefaction of fat increases the fluidity of the continygchesse and
favours the release of water captured in the faichwadditionally increases the
quidi7tXOof the system and leads to significantradjes in the dynamic viscosity (Fig. 3).
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Fig. 3. Temperature dependencies of
the dynamic viscosity for the batter

samples with fat replaced by starch

preparation in three forms: dry mass-

square points, suspension — square
points, gel — diamond points) and for

the control sample — circle points

The molten fat and water released from the fat, together wotkips (mainly
myofibril ones and some globular ones), cause the appearance of a hyditatolloi
continuous phase. The dispersed phase is made of the condensed components of
the batters.

In the range of 40-6C, the hydrocolloidal phase determines the elastipgsties
of all the batter samples studied only to a snegdirée. The elasticity modulus value
of ~3000 Pa is determined by the resistance ofribat components of the batters,
and the influence of starch is insignificant. le thhole temperature range analysed,
the replacement of fat by starch preparation léads decrease in the loss tangent
(Fig. 2) and in the dynamic viscosity (Fig. 3).

In the range 40-6C, irreversible changes take place in hydrocolloids and
they determine the rheological properties of batters subjectechetondl
treatment and in the final products as well. The changes aectezflin the
increase in the elasticity modul@® and dynamic viscosityy observed above
60°C, and are related to the processes of denaturation of proteins péddegn
the range of 50-6C [2,4,11]. They are also manifested as a maximum in the
temperature dependence of the loss tangent (Fig. 2). In those protesses
polypeptide chains of proteins unfold. Such a conformational change favours the
processes of structuralisation in the hydrocolloidal phase and associatiateof
that can bind with the hitherto unavailable hydrophilous groups of the
polypeptide chains forming cross-linked network supporting the water-fa
emulsion [5,6]. The replacement of fat by starch preparation in the ébrm
suspension or dry mass, provided that the amount of water in the sigstem
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preserved, does not lead to a decrease in the effectiventaticm of proteins
responsible for the deve-lopment of the above dustrspatial matrix. This
conclusion is drawn from the fact that the increaistihe elasticity modulus above
the temperature of denaturation (abov&)0s the same for all the systems studied
(Fig. 1).

In the systems in which fat has been replaceddsgtsin the form of dry mass and
suspension, the values of the loss tantgehtig. 2) and dynamic viscosity (Fig. 3)
are higher than those for the control sample (unmodifidise observations suggest
that when using starch preparation in those fothesgeffects related to gelation and
consequently cross-linking of starch are limitedause starch mostly forms only
viscous solution (water is bound only in the hydration shell) The starphnaten
only plays a role of afiller of dissipative character.

Water plays the main role in the structuralisation of the continbgdso-
colloidal-fat phase. The replacement of fat by starch preparatitimeiform of
gel leads to a reduction of the amount of available water iasmbstly bound
with hydroxyl groups of cross-linked starch. This leads to weakeoonafional
changes in the polypeptide chains, to a decrease in the density fothim
matrix and thus to a delayed structuralisation of the batters. Thesges are
manifested as a lower increase of the elasticity modulus afytstems studied
above the temperature of denaturation of protein componeri)(§Big.1).
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As follows from Figure 4, the elasticity modulus of the final prodigxled
down to room temperature is a few times higher than that of tterdé#tat have
not been subjected to thermal treatment, so a few times gsdasticity of the



THE EFFECT OF THE FORMS OF STARCH PREPARATION 167

former. The greatest — more than 2-fold — incread®;ihas been noted for the
batters with 3% fat replaced by starch gel.

The increase in the elasticity of the final products withréataced by starch
preparation is a result of the relatively weak processesogbdinking of partly
gelled starch (dry mass and suspension) and development of the ohaeilled
protein. The greatest elasticity is that of the final producishich fat has been
replaced by starch gel, since in these products the cross-linfkaajseof the
gelled starch are fully revealed.

CONCLUSIONS

1. At room temperature the solid phase of fat determines the rheallogi
properties of all the samples of batters studied, i.e. the contrahasd with fat
replaced by starch preparation in all forms considered.

2. With increasing temperature (20°@}) the fat component melts and the water
dispersed in the fat is released, which resulisimcreased fluidity of the system.

3. Replacement of 3% of fat by starch preparation in the forms ohasg or
suspension does not have a significant effect on the structumalisattithe
hydrocolloidal-fat phase, and thus of the batters as well. The gtaaphration is
not an elastic but a viscous factor.

4. The final products with fat replaced by starch preparation, ictgpef
its form, are characterized by greater elasticity than the unmodified product.

5. The batters with fat replaced by starch preparation in thedbstarch gel
are characterized by the lowest plasticity and thus the highest elasticity
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WPLYW SPOSOBOW DODAWANIA PREPARATU SKROBIOWEGO
NA WEA SCIWOSCI REOLOGICZNE FARSZOW MESNYCH W TRAKCIE
OBROBKI CIEPLNEJ
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Streszczenie. W pracy badano temperaturowe zmiadgiwosci reologicznych farszéw, w ktérych
skiadzie recepturowym zggbwano 3% ttuszczu, mie przygotowas skrobi ziemniaczesnE1412. Badania
wykonano metagl DMA przy wyciu relaksometru mechanicznego. W wariancie btskmw postaci suchej
dodawano podczas kutrowania, w B mapostaci dyspersiji skrobiowej, natomiast w lipestacizelu. Probk
kontrolry stanowit farsz o podstawowym sktadzie recepturowyariant 0). W temperaturze pokojowej faza
stata tluszczu ma decydog znaczenie w ksztattowaniu ¥e&vosci reologicznych farszéw kontrolnego jak i
uktadow, w ktérych tluszcz zostat zgmbny preparatem skrobiowym (w postaci suchej, elggiporazzelu).
Wywotane wzrostem temperatury zmiany webl fazy ciglej, farszéw misnych na poctkowym etapie
prowadz do rozptynniania ttuszczéw i uwalniania dyspergasyav ttuszczach wody, co wywoluje wzrost
ptynnaici uktadu. Wymiana tluszczu suchym preparatem ghngin oraz jego zawiesinnie powoduje
istotnego wplywu na zmiany konformacyjne zachodzw fazie hydrokoloidalno-ttuszczowej (40°%6) a
tym samym nie ma wplywu na struk-uralizeigrszow misnych. Udziat skrobi w ksztattowaniu di¢awosci
reologicznych farszow nie ma charakteruggmtego. Skrobia stanowi czynnik lepki. Wyroby fivelz
wymienionym tluszczem na preparat skrobiowy (w gmssuchej, dyspersji oraelu) charakteryzuj sie
wigkszy spezystascia w poréwnaniu do produktu niemodyfikowanego. Nagjaa plastycznécia a tym
samym najwiksz spezystascia charakteryzuj sie uktady z wymian tluszczu, kleikiem skrobiowyni€lem).

Stowa kluczowe: reologia, skrobia, hydrokolid, &agnasé



