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j f c u r e  of emulsion sausages has been measured instrumentally using many different techniques. Usually some inuTative test;; are us«!, 
There tl*  s t r e s s - s S  se tu p is  badly defined In more fundamental rheological tests stress and stram are controlled and thus a more basic

and the molecular properties of the footl item canbe obtained. These types of

dements can be performed either with small or large strains, i.e. in a non- estructive or es correlation between the texture of
ersson & Tornberg 1992, have, for the same type of sausages used in this investigation studied the , . it was

f0*  as determined sensorially, and a destructive fundamental rheological test like tensde streng mea .
t S  *hat sensorially determined overall acceptability correlated well with fracture strain (r=0_ 74 * of egg
whiteeSt relationship between torsion strain at failure and sensory textural attributes o f 8 different heat-induced protein gels, mao

e’ Ash, turkey, beef and pork muscles. . __ . 0-i ran he evaluated. The
v'scn non' destructive tests, like small-strain dynamic testing, the elastic an viscous compo Eeelandsdal et al 1986) as well as
> « K aStlC Properties of gels of actomyosin and myosin have been investigated (Samejima.et al.,
S *  suspensions (Egelandsdal & Mitchell, 1987). Saliba et al., 1987 have the latter
Pron med by failure (torsion tests) and non failure analyses (TSRM) and foun a e g compared to the sensory
3  rtl6S So far the viscoelastic properties of emulsion sausages determined in a non-destmct.ve test have not been compare

Ssnient of texture and are therefore the object o f this study.

ii& a‘erials' The mwage batters (n=27) were prepared from pork or beef meat, rindless pork fat, Y at^fh ta iY Y ro te in  foments
(61 7  textures in the heated sausage batters, they were made using different recipes, compose o also varied in the investigation
t e  L°-25 o/o and 8-13 %, respectively). The connective a ^ f r e n  heat-treat/d, in
acc ^  0 7' 3 0 % and 1 5-2.5 %, respectively, as well as the pH (5.5-5 8). Ihe sausage oatieis

Ordance with the procedure in Persson and Tornberg, 1992 . . . . .  „ „ „  ♦„ ,  cim,enid»l shear at 1 Hz (Bohlin
Reomet°e/aS/,C measurements The viscoelastic properties were followed ^  subjecting Qf & paral,e, plate The thickness
of tv. ter system, Bohlin Rheology AB, Lund, Sweden) at a temperature of2  P reeion checked in a strain sweep,

the sample was 7 mm and 30 mm in diameter. All measurements were performed in the linear vis , modulus (G1 G" and
J ^ f t e r  the strain was set constant to 0.0125. The rheological behaviour was monitored as storage, loss and complex modulus (U,

analysis was carried out on fried (160°C) slices (10 mm) of the for
¡ ^ « e l y  to the assessor? The sensory attributes were determined using a trained expert panel consistmg of 1Cassessors.™ epro 
a a> e s  included the attributes hardness (l=very soft, 9=ve,y hard), rubbenness (1 none, v ry ry),

Ptability (l=dislike, 9=like very much). . <5Y<;TAT for Windows
( J atis,'cal analysis Linear regression analysis and Pearson correlation coefficients were performed using SYS

ersion5.0).

i J ^ f f ^ f e T p e T g a v e  rise to varying viscoelastic behaviour and sensory evaluated attributes in the sausageŝ The storage modu'us 
> s e d  from 9 6^o S a ,  the losYmodulus varied between 2.1 and 6.6 kPa, while the phase angle changed between 7.9 and 12.3

.I®es The sensory attributes varied between 1.3 and 7.1 . T.w» i
lhe linear interrelationships between the different viscoelastic and sensory attributes can be seen m lab

Table 1 The interrelationships between viscoelastic parameters and sensory attributes o f the different sausages, expressed as correlation 
coefficients o f linear regression analysis.

Parameter
In=27)
G'
G"
Phase angle 
Hardness 
Rubberiness 
Texture acceptability 
Overall acceptability

G'

1.00
0.92***

-0.65***
0.78***
0.62***
0.46*
0.49**

G"

1.00
-0.36
0.55**
0.36
0.34
0.31

'cance level: p<0.05*, p<0.01**, p<0.001***

Phase
angle

1.00
-0.85***
-0.78***
-0.49**
-0.60***

Hardness Rubberiness

1.00
0.82***
0.50**
0.56**

1.00
0.10
0.22

Texture
acceptability

1.00
0.95***

Overall
acceptability

1.00

h J he dera il acceptability was mainly dominated by the texture acceptability of the sensory attributes and less ^  h idness to
J T S  which, however were highly correlated to each other. The relatively poor linear correlations betweer 

6 le«ure acceptability might depend on the non-linear behaviour, see Figure 1 The correlation coefficients between the texture acceptaou y
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and the hardness and rubberiness increased from 0 .50** and 0 .10, respectively to 0 74*** and 0 53* for the no r u • ■ This
means that as the sausage became harder or more rubbery only up to a certain level 5t th h n° n' lmear ^ ac ten s tic s . This
panel. Subsequently increased hardness gave rise to a less acceptable product. ~ ’ 8° Cam6 m° re aCCeptable l°  the

r2=0.74*** ^=0.53"

Figure
the model y=a+b*x+c*x2.

m .  loss m o d * *  <0-, h .d  ,  high
According to Table 1 it was the phase ^ i e l m o n o T l p T  ? P an8le Wa$ " 0t that Wel1 co^ a t e d  to the loss and storage modulus*.
parameters, where hardness (r=-0.85***, Figure 2a§) and rubberiL T s^oT g**8*! ^  ^  that W3S, beSt correlated t0 the sensory
neither the elastic (Fig 2b) nor the viscous component of the «¡a k j  ®â  e tbe ^'ghest correlation coefficients. This means that
phase angle, which is the relationship between^ Z l  Z  Z  ^  ^  the SenSOnally evaluated hardness. Rather it is the

The linear relationships between the storage and losTmIh I 66 parameters exPressed as tan 8 -  G"/G', that determines this proped 
(r=0.31-0.49**). H owever, ^ ^ p h a s e a n ^ e ^ a s ^ e s o e ia l^ io 'th ^ t^ n jr e a r i t6 fn^  ?ve.r^  acceptability were relatively poor 
hardness having a non-linear relation to texture acceptability see Figure 2c T lT  3 n0nd mear way’ whlch ls a consequence of
regression for non-liner one. The bes, e v a i e d  J u r e

Conclusions

texture a c c e p t a b i l i t y ^ 1  m a‘nly g0V em ed by the texture ™ pression  (r= 0 .9 5 * * * ). This 
acceptab le product w ith  greater hardness and rubberiness. ^  ° n Y Up t0 3 Certain leve1’ w h ereafter the sausage becam e a less

H ardness and rubberiness gave t0  ^  pr° pertieS' b lity
w a s non-hnearly (quadratic) related to  the phase a n o le  T h u  a a r~  0. /8 , respectively , w hereas texture accep tab le"

W 6 phaSe angle T he m ost accePtable product w a s achieved at a phase angle o f  9 -1 0  degrees.
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