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tion oA 1.1. Generalized viscoelastic m
In the rheology of ;@aterialg which “the wviscoelastic  behavior —of
di&piw w%m and/or Jdguid Ez&kavzur, an :mwria}s is converntienslly represented
ideal solid can be represented as a spring by springs and dashpots in serles and/or
with a modulus of deformability E, and an in parallel. The single pair of a spring
ddeal Kiqnw by viscous element (M&m’é} with In parallel with a dashpot fs called &
a Newtonian. x&mf?icﬁeut of dynamic viscosity, Helvin element : single pair
i, ing/dashpet in series is called a
Penetration and compression tesis are 11 element. The expression for &
the most vsual wethods of charw%rizatien ufl gm&rauzm Maxwell model of n springs
solid properties. _anét m dashpots in series is (Fiszman et
The amréssiau test 1§ preferred as it al., 1983; Peleg y Calzada, 1§76}:
gives wmore  gqualitative and  quantitstive
information é;&; the form of ression and
relaxation curves. Frankfur have & high
fat o ADE, PR . wiscous
sutmubrimtﬁag ‘during coaxial viscosimeter
and compression tests. This lubricated siip is
considered in the methodology of squeezing % ° relaxatisn coefficient for the
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flow between lubricated piates and sulfable Maxwell element i,
considerations are inmwzzratea in  the % relaxation stress at time i,
: 231878} . Tl refaxation time fop the ‘Haxwell

_ tical solutions are pot the answer element 1.
in the cam}iet@ i&%@wwtatm of the observed
facts - because the experimental procedures
amifﬁ%‘ ﬁnatwm%s affect the r?zwigsgiml data
obtained. For this study lubricated squeezing
flow with & amsxmt éei‘amtim mte Ares
was psed. : ;




1.8, Peleg lipearizalion

Peleg £1979) has developed a sinplified
model for experimental viscoelastic relaxation
gurves . The relaxation curve can be linearized
%g Lhe following analytical expression (Peleg,
18785

s JPR
iy ™ ag(:a¢ = {.ﬁjl{ﬁ; * gs £2)
where
o, : initial siress.
The constant "a" corresponds to  the

amomnt by which the stress fall during the
relaxation, If 8 = 4, the stress does not
relax at all (idesl ewisstic solld): if a = 1,
the stress relszes coppletely {(.a. a liguild)
and for ioterpediate wvalues of "a®, the
asymptotic residual stress values = Y(=},
The  constant  "b" -~ represents  the
fﬁ%&%&t%@ﬂ rate in reciprocal time units itime
{i/h iz the time necessary for a= 1/%). If

5 = 0, the stress does not relax at all,

1.3, Characterization of selld products by
compression test

Mechanica! properties can be measured by
different procedures such as shear {Damasio et
al., 1880b), penctraticn {Damasio et al.,
1890a) and compression {(Fisssan et gl., 1885,
1687}

Tests made with an wniversal rheometer
can  provide: stress-vg-tisme curves, siress-
displacement curves, ruplure stregs and gel
strengih., Textural charscteristics such us,
"rigidity",  “cphesiveness" Tchewiness®,
"adhesivensss”, derived to repressnt sensory
attributes {Bowrne, 18%8} can also be
determined {rom them.

The objetive of this present work was
the textural characterization of frackfurters,
a low-cost product widely consumed in Chile,

A iextursl properties apalysis was
carvied out foliowlng the graphical method of

Figgman et al. (19837 and Damssio et al.
{1880a.b). (See Fig. 1}

According to Bourne (1978) statements
the following parameiers can be define:
paxinum Conpresion stress: A& IHY,
cabesiveness y £ [oml,
rigidity AL [N/mm],
elasticity : Bie [Njmm}.
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Figure Lz Typical stress-distance

pxperimental curve ler compression test,

2. Materials and aelhod

The horse meat was obtained from
the Chilean meat market and was stored
under refrigeration. The additives were
dooated by Carles  fraser  Productos
Aromiticos 540,14 a  specialized
Chilean suppller.

Three differents formulations of
increasiog protein contest were wsed, as
given In Table 1

The formulation with the higest
protein {("High") and zero soya protein is
typical of the wmore expensive type. The
"mediva® fTormulation is of a low-tfeo-
medinm cost type most pepular in Chile.
The *low® formulation has least protein,

more watsr and wmost  eod most sova
pratein.
2.1. Bample preparation

The common  method  typleal  of

Chllean industry was used fo prepare the
samples. The meat paste was prepared o a
12 L capacity "Stephan " catter, model VM
12, with two knlves., The emulsions were
stuffed into 20 mm diameter celiulose
casings using a hend stuffer, linked fo
13 em lengths.

The frankfurlers were smoked over
buraing sawdust for e.g. 10 minntes until
temperature of €0°C was reached at the
centre. The frankfurters were cooled with
water, The units withoui skis were
maintained under refrigeracion (3°().
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Table 1 @ Cosposition ¢f the Three Liflerent
Frankfurter Formuistions

Composition Wt %
"High® "Medimm®

Formulation

€emwan§@* *Low"

Faa "hack”
{"tocing" )
Lean horse meat
ice
Soybean isolate
gel {(Samprosoy
MP 98 5 967 B0+
Antiexidant
(Frescolan #1150~
T+ includes
ascorbic acid) 1,18
Sodiug poelyphosphate
{Binderfos
Ligad 11880 +]
arragecusn
Ctvpe Genugeld
CHP-~280~0%}
Coring salt
(Palacura
HELIGHE) %1
Traditions]l Chilean
Seasoning {condimento
grifgdeineiodes
gnion, garlic}
TOTAL

pork

19,50 .70 22,10
48,00 41,14 32,10
29,10 30,7 3,40

4,60 4,14 11,04

6,14 .17
0,.6% 0,08

9,31 4,33

bt

2,11

L)
ik
s

0,74 0,73

R ﬂO a6, ﬂﬂ
# Trade name of Algas marinas 5.4.

+ Trade name of Carles Cramer Productos
Aromaticos 5.4 0.0

0.6¢
00,00

2.2, Praskfurter coppression test

The measuring procedure was adapted Trom
f&&@dfiié& and Peleg (1987). & Rheotex 308-SD
{%un Seieptific Co. Ltd., Tokye) was used and

the compression and relazation rates were
registered on a chart recorder Rikadenki
{Rogyo, Uo. Lid. Japan).

The measurements were sade after the
sarples bad been eguilibrated to 13°C.

Dimensions of samples wich were used for
compression tests were 20 mm long sections,
and with the same frapkfurter diameter. The
extremes of the frapkfurters were discarded
due to some residual forces at the ends.

Beilken et al. (1991}, removed the
cooked suter crust in their works. Jao the
present investigetion we work including the

erusts to reproduce normal econditions under
which frankfurters are commonly consumed.

The measurements were made with three
replications, using two different heighis in
accordance with Campanella apd Peleg (1987},

2.3, Rupture shear siress

Hupture shear stress was measured with
a "Martin" tenderometer {(Bietrich et al.,
1857 Castro et al., 1992} using a Kramer
shear ¢eil with three replications. The
frankfurier samples were orientated at right
angles to the grid and blades of the eell and
the tests were made with three replicsiions.
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3. Results and discusion

Most authors work with deformations
rate in the range of 1 mm/s. In this work
a 10 mmfs deformation rafe was nsed and
the form of the resulting cospression
purves {Fig, 2) are in general.

i

indicated that the "a”
within the rasge 0.5-0.088
inereasing  with protein
cantent, and "b" wvalues Increased from
0,023 to 9.048. DBoth quantities showed
that the frapkfarter was characierized as
a solid {0« a <1) with 2 slow relaxation
Thig was in accordance with Xer and

3.1. Peleg
Hesults

values wore

{Tabhle 2}

rafe.
Toledo (1982) who tested frankfurters
containing whey protein isclate.
24 :
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Figure % Representative experimental

composition-relaxation curves for the
three fypes of (rapkfurter at | omm/gec
{Pormulations  “High® Tediun”,  "Low”
protein content}.

3‘2-3‘

ralized Maxwell model analysis
The egefficients obtained fromw this
snalyeis, presented in Table 2, show uo
trends or correlations of value. Maxwell
model correlations to describe Influoence
of protein centents are fairly good, bt
they are no &igﬂ;fltang due fto even
- all the B2 values are high they do
waz change a5 a function of protein
content. However, the relaxation curves
shown in Fig. 3, whick is not sigaificant
for this research, show a wvery close
conformity between the measures velues
and  the three-elepent Maxwell sodel
curves.




Table Z: &m&wy gf" Textural ("onstaut:’

PFeleg Model Genoralized Maxwell Model Magmlmum  Cobesiveness® Bigldltys Blustioiiys
Comprosslon
HLress
& b a@ aai by By by iy By {N} (e § NS} (£ 0
Pormulat ions "High"
0,863 ©,048 0,486 0,.38p 0,087 2,583 $.08% 4,487 ¢, BG4 1,91e0,26 A Hifel  BE £, 4840 01 8, TR, 08
Pormulations "Medium®
oh%e  GLB3S DAL 6,516 0.GBE D.ATH 0,303 0,341 0 F.348 1,825,314 4, Bited 61 G,82a0, 08  D.4440, 08
Formuiations "Low™
G.BUE DLURE BB %’&ﬁw Dl}t’}’% f.241 0,038 0,384 4. 83% 1.3T7s6.18 £, 00gh. a1 6, HEell G5 0,520, 07
® Iaposed by nature af i@ﬁ?
+ Defined by Bourne (1978)
3.3, Textural charscteristics 2 3.4, Hoeplure shear stress
The maximuz compression  steess  and The Martin tenderometer tests

elastielty values showed sn Increased with
increased protein content (Table 2}, that is
not the case of Ker and Toeledo (1982). Least
favorable statistical dats are shown I1n Table

2]

?%\Bg model (1979 spalysis was fitted
and 1t s easier te be used than geperalized
Maxwel! medel and besides it gave much more
information and a better goodpess of i as
well,

044
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Figure 3: Generalized HMamwell wodel, 3

elements (formulations "High", "Medlium”", "Low"

protein content}.

showed fneressed rupture stress with

protein content {Table 4).

Table 31 Least favourable statistics for
these ftegiy

Statisticsal

Peleg Generallized
parameter model  Maxwell
model

Standard Deviation
for ¥ {in Peleg aodel

Y. woll model o [N]) 32.48 B
Standard Deviation

for X {time. [N1) {4,062 -
Correlation

Coefficient 0.,4987¢ -
Yariance - 4,00014

Begresslion Coefficient 4, husag

fable 4: Kramer Cell rupture stress lor
the three frapkfurter types

Forpulations Sﬁear stress {(kPa)
YHigh" 441,90 » 49 0
"Mediam” 411,686 &+ 4.8
Low" 248,80 2 éHJG
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s Céﬁciﬁs ions

Peleg model analysis clearly gave the
wost useful information, the best correlation
with prozein content ami §§Ei£§kt§§‘§ results.

“Maxwell anslysis gave resulis ¢losely in
accor ﬁﬁuce with the measurements on the three
types of sausage but provided no information
on or carr&zzazim with differences between
thenm.

The lowest cost x;s'stem, the Martin
tenderometer, provides measurements: wich
correlate witb the differences in these
particular s&m&gﬁ types but are, of course,
empirical.

From %fze iiitcctly«ﬁsmumd stress tim
compression piots it is possible to obtain

information and imwmw visoal parameters of
which can ‘be

the different sausage %:ygmae
valuable to an operator on ﬁhe factory floor
(Fig: 3). :
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