Acta Agrophysica, 2004, 4(1), 7-14

THE EFFECT OF THE MODE OF HYDRATION OF STARCH
PREPARATION ON THE DYNAMICS OF WATER IN FORCEMEAT
AND THE FINAL PRODUCT

Hanna Maria BaranowsKaWtodzimierz Dolata Elzbieta Piotrowska
Magdalena Maczak

!Department of Physicélnstitute of Meat Technology, University of Agritute
ul. Wojska Polskiego 38/42, 60-637 Poizna
e-mail: hmbar@au.poznan.pl

Abstract. The study was undertaken to check thecefff the form of the E1412 starch
preparation used as a substitute for some of thie faighly refined sausages on their quality oa th
basis of the macro- and microscopic parametersactaizing the state of water in forcemeat and fina
sausages. The parameters determined included: g¢henp, free water content, total water, spin-
lattice T; and spin-spir, relaxation times. The best quality products westaioed with the starch
product used in the form of 20% water dispersi@pgared 24 hours before the process of chopping.

Keywords: modified potato starch, commuted forcemrfed, low-field NMR

INTRODUCTION

Food producers and food technology analysts haee Wwerking for some time
now on new technologies of food products havingrggne@alue reduced through
a decreased content of fat. Their effort has besrsgonse to increasing consumer
demands concerning the quality and nutritive valuod products, including meat
products. The main problem limiting the reductidriad content in meat products is
the role of fat in determining the texture and sensalue of meat products.

The properties of the final product depend also tiea proportions and
interactions between the main components of foragriée most important are the
interactions between proteins-water, proteins-fateins-proteins, which are
responsible for water maintenance, stabilisatioarofilsion, rheological properties
and texture of the product. Therefore, the fat suwibss should meet specific
requirements. In the meat products of lowered gneejue, the fat should be
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replaced by a preparation which ensures desired physical, chemitaensory
properties. Most often, a part of fine fat is replaced by thesaass of hydrated
substanc¢l,8,9], which leads to an increase in the water content abovecipe re
demands. Analysis of the macro-and microscopic parametemsbilegthe state
of water in forcemeat of lowered content of fat should alwaysde taking into
account the increased water content.

The aim of the study reported was to analyse tfeeteof the form (mode of
preparation) of the starch preparation E1412 usewplace part of the fat on the
macro- and microscopic parameters describing the statater in forcemeat and the
final product. The ingredients of the forcemeateverodified in order to avoid the
addition of water for hydration of the starch prgpian. The starch preparation was
introduced in three forms: without preliminary hatiion (dry mass), 20% starch
suspension and 20% starch gel.

MATERIAL AND METHODS

The experimental material consisted of model imeeat, in which some of the
fat had been substituted with a potato starch patipa. The forcemeat ingredients
are listed in Table 1. In order to conform to ttendard content of starch in the
forcemeat [5], only 3% of the fat was replaced taych preparation E1412][5

In variant 1 the starch preparation was introduced withoutinpnery
hydration directly in the process of chopping, which is the mosnofised
procedure. In variant 2 the starch preparation was introducad8% starch gel
prepared 24 hours prior to chopping and in variant 3 the starch prepaxais
introduced as a 20% suspension prepared 24 hours prior to chopping.

Table 1.Ingredients of forcemeat for refined sausaged(§q)™)

Ingredient Control Variant 1 Variant2 ~ Variant 3
Pork meat, class Ill 48.71 48.71 48.71 48.71
Fine fat 20.88 17.88 17.88 17.88
Water 27.83 27.83 27.83 27.83
Additions (spices, NaCl) 2.58 2.58 2.58 2.58
Starch preparation E 1412 0.00 3.00 3.00 3.00

The content of free water in the forcemeat was detedninyethe method
proposed by Volovinska and Kelman [13] and calculated from the formula:

%W, = (a-b)1.766 (1)

where:a and b are the area of the drip and forcemeat respectively, 1.766 is
a coefficient.
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The content of total water in the final product was deteedhiby drying and
calculated from the formula:

z,, =22 roms )
C

where:a andb are the masses of a given portion of forcemeat with bipfiaper
prior to and after drying; is the mass of a weighed portion.

The thermal drip was determined by heating &C7@r 30 minutes a certain
mass (30 g) of forcemeat in a tube. Then the volume of the liquedd out of
the forcemeat in the thermal treatment was measured [11].

The spin-latticeT; and spin-spinT, relaxation times were measured in raw
forcemeat, in forcemeat samples heated tdG-7#ar 25 minutes, and in the final
product. These parameters describe the relatidmsede the free and bound water
and the dynamics of water molecules in the syststudied. The relaxation
measurements were performed for raw forcemeat samfsfter the measurements,
the samples placed in closed measuring tubes were kéff@tfer 25 minutes. The
measurements were repeated for all samples in Q#s hafter the heating. The
relaxation times were also measured in the firadyoet.

The measurements were performed on a pulse NM&repeter working at
30 MHz. Relaxation time3; were measured by using the inversion-recoveryepuls
sequence [10], the distance between the RF pulses¢ changed from 1 to 2000 ms,
and the repetition tim&R was 6 s. During each measurement82 signals were
recorded. The number of points in the signal anemlifitom 80 to 110. In th&;
measurements 5 accumulations of signals were dppeasurements of, were
made using a sequenceC@PMG pulses [6, 1R with the distance between the pulses
TE of 1 ms for raw forcemeat samples and 2 ms fothiaemally treated forcemeat
and the final product. In these measurements 1thadations were made.

The value ofl; was calculated from the formula:

- _ -r
M, = M{l 2ex;{ - j] 3)

where My andM, are the equilibrium and instantaneous values of magnetisation.
The values of the spin-lattice relaxation times wererdeteed with the help

of the program CracSpin [14]. Only one value of the relaxation waee found

for all the samples.



10 H. M. BARANOWSKA et al.

The spin-spin relaxations times were obtained as a resuiedittwith the
formula [4]:

n -TE
Mx,y = MOZ pi ex{ T ] (4)

i=1 2i

where M,, andMy are the actual and equilibrium values of spin echo amplitudes,
p: is the fraction of protons relaxing with the tiffig

In all the samples studied, two fractions of protons were detected relaking w
two differentT, times.

RESULTS AND DISCUSSION

The macroscopic parameters describing the state of watdre samples
studied are given in Table 2.

Table 2. The content of free water and total water as aglhermal drip in the forcemeat

Parameter (%) Control Variant 1 Variant 2 Variant 3
Free water 6.10 7.04 6.51 7.01
Total water 62.4 63.86 63.03 63.41
Thermal drip 1.37 0.00 1.84 0.00

The content of free water and total water did ai@inge significantly for all the
variants of the starch product introduction, wreédnfirms the validity of the assump-
tion of unchanged water content in the system. iBedipe preliminary hydration or
gelation of the starch product, the amount of wiattite system does not change.

Analysis of the thermal drip does not give unambiguous results:.eEhé for
the control sample is in agreement with data reported efflieFor the starch
product introduced in the form of dry mass (variant 1) and asnjmery
hydrated suspension, no thermal drip was detected. This observation means that in
the process of thermal treatment of the forcemeat samples with 88plfated by
the starch product, water is fully bound at the sorption sitegmdtured proteins
and is involved in the process of starch gelation. When the staocugb is
introduced in the form of gel, the thermal drip is greaten that for the control
sample, which is related to the process of retrogradatiomgigbiace in the
system with gel. The lower amount of fat (containing proteinitive to the
control sample means that water is weaker bound with the protein matrix.

The use of NMR permits assessment of the state of ther Wwamding on the
microscopic scale and analysis of its dynamic properties. Taeat®n timeT;
describes interrelations between the free and bound wateheinsystem.
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The greater the amount of free water the longer the raaxttne. The only one
value of T, time refers to the free water. The relaxation timedescribes the
dynamic state of water. The two values obtained indicate #®epce of two
fractions of protons belonging to free and bound water.

Usually two values of the relaxation timd@s are recorded for biological
tissues or related systems [2,3

The values of the spin-lattice times for the sampliéls thre starch preparation
introduced in the three forms into raw forcemeat, thermalbteceforcemeat and
final product are given in Figure 1.
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The longest spin-lattice relaxation times were rded for the raw forcemeat,
which means that those samples contained the grteat®unt of free water. The
decrease i, for the thermally treated forcemeat and for timalfiproducts proves
that as a result of the thermal treatment watdoisd in the system. Analysis of
the results for the particular variants shows fbatvariant 2 thel; times are the
longest for all kinds of samples. This means thatslystems with starch preparation
added in the form of gel contains the greatest anafunée water. LoweT; values
relative to that for the control sample are thobseoved in variant 3. In those
samples the water is the most strongly bound tddieemeat components. It can
be concluded that the best quality of the finaldpiat is obtained for the starch
preparation added to forcemeat after preliminarydmjah.

The dynamic state of the free and bound water in the systdasdsibed by
the spin-spin relaxation tim&. Figures 2 and 3 present the valueSgf— the
short component referring to the bound water and the valu€s efthe longer
component referring to the free water.
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The values of I, andT,, were always the lowest for the raw forcemeat and the
highest for the thermally treated forcemeat.
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The short componeiit; reaches the lowest values for the control sammptbdut the
starch product) in the raw forcemeat, thermaliated forcemeat and in the final
product. Addition of the starch product causesnarease im,;. The addition of the
starch preparation without preliminary hydratiomises the greatest increase in this
relaxation time component. The valuelef obtained for the raw forcemeat in variant
1 is over twice greater than in the control samipidorcemeat as well in the final
product the water molecules are mobile. This canatuis confirmed by the results
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obtained for long component of spin-spin relaxatimne. For this variant of the
experiment, thél,, values are the longest. The strongest bound watiee lowest
dynamics of the water moleculesT, falues) was obtained for the variant in which
the starch product was introduced in the gel féxiso, theT,, values were the lowest
in this variant. It suggests that no matter whesit@rch, starch products or modified
starch are introduced, the most important rolenfater state of the final product is
played by the interactions between the water mtde@nd the polymer.

Analysis of the NMR results obtained has indicated that thethdegree of
hydration and the molecular dynamics of water are charactdnigetie best
parameters describing the microscopic state of water foratiant in which the
fat replacing starch product is introduced in the form of suspen3he results
have also suggested that the introduction of the starch productcemfeat
without its preliminary hydration causes undesirable interesti@tween the free
and bound water in the system.

CONCLUSIONS

1. The replacement of up to 3% of fat mass by the same mass sfatbh
preparation guarantees positive bonding of water both in forceamelin the
final product.

2. Starch or starch products used as a fat substitute should lbveinaey
hydrated. This procedure strengthens the water bonding in thentatand in
the final product.

3. The addition of starch product as a fat substitute to chopped fateme
without preliminary hydration is not effective. In such systeims water is
weakly bound and shows mobility much higher than for any other variants.
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WPLYW SPOSOBU UWODNIENIA PREPARATU SKROBIOWEGO
NA STAN DYNAMICZNY WODY W FARSZU WEDLIN DROBNO
ROZDROBNIONYCH | GOTOWYM WYROBIE
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Streszczenie. W pracy petij badania dotyeze wptywu sposobu przygotowania preparatu
skrobiowego E 1412 zapujacego czé¢ tluszczu w wdlinach drobno rozdrobnionych na ich jéko
Badano makro i mikroskopowe parametry charakteggeustan wody w farszach i w wyprodukowanych
wedlinach. Oznaczono naptijace parametry: ik wycieku cieplnego, zawaddwody wolnej, catkowit
zawartd¢ wody, czasy relaksacji spin-6i@; i spin-spinT,. Przeprowadzone badania wykazaly,naj-
skuteczniejsg formg przygotowania preparatu skrobiowego jest jego 898persja wodna, przygotowana
24 godziny przed rozpogziem procesu kutrowania.

Stowa kluczowe: modyfikowana skrobia ziemniaczafesz drobno rozdrobniony,
thuszcz, NMR



