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INFLUENCE OF THE TEMPERATURE ON THE ELECTRICAL CONDUCTIVITY OF SAUSAGE-TYPE EMULSION
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3- Background and objectives
.. The chopping phase is a main stage during the manufacture of frankfurter-type sausages: the
Afferent components are structured into an homogeneous mixture, then the product's quality after i-h-

of 
Pur- 
inc'

6rmal processing and particularly the losses during cooking (2) depend on this stage. The control 
the emulsification is therefore very important. The use of electrical conductivity for this 
Pose has been studied (3,4). However conductivity is dependent of temperature and this parameter 
leases during chopping because of the energy created by the rotating knives. This phenomenon, if 

°t taken into account, would create a bias in the establishment of the relation between the 
Atucture of the emulsion and its conductivity. The relative variation of conductivity against 
emPerature is within the range 0.015-0.07 T 1, depending on the type of solution: for water, saltsoq •‘■utions, it is about 0.02-0.03 "C*1 (1), for milk, 0.020-0.025 °C 1 (6), for sugar
•02 "c-1 (5 ) and for muscle, the influence of temperature on resistivity is around -0.02 'CT1 (7).

solution,
Moteover, the temperature coefficient is usually itself a function of temperature.

The aim of the present study is to characterize, for different chopping times, the evolution 
the conductivity v e r s u s the temperature by determining temperature coefficients using 2 models:

ls will allow to eliminate the temperature parameter in the establishment of the relation between 
tucture and conductivity.

Methods
The composition of the mixture corresponds to that of frankfurter-type sausages: 40 % lean 

^§at, 30 % water, 30 % fatty tissue ; common salt concentration is 2 %. The times of chopping
sted are 115, 130, 145, 180, 215, 250, 280, 310, 340, 370 s. This range of time allows to work on 
® different types of structure of the emulsion. The conductivity of the emulsion is measured
aing an electrode (WTW, LTA/S) with a cell constant of 1 cm-1, connected to a conductivity meter 
W*W, l f 530) . Temperature and conductivity are jointly recorded on 10 samples of 100 ml of
Vision, for each processing time.
 ̂ The temperatures are within the range 12-30 °C. For the lowest times, i. e. 115 to 180 s, the 
®tiperature of the emulsion is below 18 "C: the samples are warmed with a water-bath at 35 "C. For 
te upper times, 215 to 370 s, the temperature is above 18 ‘C: the samples are cooled into a water- 
ath at 5 ’C.
, The first points of the graph conductivity v e r s u s temperature, which correspond to the
nstallation of a thermal equilibrium of the electrodes, are eliminated. Temperature coefficient is 
^ termined by regression analysis according to two models: (1) C - aT + Cg and (2)
* C0 (1 + b (T - Tg) ) with C: conductivity at T "C, Cg: conductivity at Tg =18 °C, a (mS/cm °C)
nu b (%/°C): temperature coefficients. Calculations are led by using for each sample its own 
°nductivity at 18 °C, because of its high variability (cf. table 1).
4- Results and discussion

Table 1 sums up the values of the temperature coefficient, in function of processing time and 
Odei. The correlation coefficients between conductivity and temperature are higher than 97.66 %, 

two models are appropriate within the range of temperature studied.
The analysis of variance shows that there is no significant difference between the coefficient 

. aluated during an increase of temperature and that determined during a decrease ( c f . figure 1 ): 
j.1" is therefore possible to carry out the experiments for determining the influence of the 
emperature on the conductivity using any of these two thermal treatments.

Two sources of heterogeneity affect the value of the conductivity; they come from:
• composition: this parameter is not completely controlled, due to the presence of lipids in 

the lean meat and that of proteins in the fatty tissue. The composition influences the 
conductivity because the various components of the emulsion get conductivities at the same 
temperature very different one from another (cf. figure 2 ).

• chopping time and final chopping temperature: at the intermediate chopping times, i. e. 
145-180 s, the emulsion is visually more homogeneous; this homogeneity is pointed out by 
the coefficients a and b and the conductivity at 18 'C for which the standard error is the 
lowest (cf. table 1). In the case of short chopping times, the emulsion presents pieces of 
fatty tissue inside the homogeneous mixture of proteins, water and salt; this leads to high 
standard errors onto the coefficients a, b and the conductivity. At long chopping times, 
i. e. above 340 s, it is difficult to conclude, due to the possible melting of fat which 
introduces locally an important variation of a, b and of the conductivity.

. The mean values of temperature coefficients at the different processing times are compared by 
analysis of variance:
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• model 1: if the values at 115 s and 340 s, which are lower than those at the other times 
because of heterogeneities are not taken into account, it can be considered that there is 
no significant differences between the temperature coefficient at the various chopping 
times ; a is estimated to 0.306 mS/cm 'C.

• model 2: the coefficient b is considered to be the same at 115 s, 130 s, 145 s: 0.0230 ’ C~l ! 
180 s, 215 s, 250 s: 0.0208 ”C_1; 280 s, 310 s, 370 s: 0.0217 "C-1.

According to the standard error, the second model is the most reliable.
5. Conclusion

Numerous studies have been carried out to evaluate the potentialities of the conductimetry to 
characterize various quality parameters (composition, maturation...) on food products. Our study on 
sausage-type emulsion shows up on one hand, that 2 models are appropriate to describe tho 
temperature coefficient and, on the other hand, that the thermal treatment (cooling or heating) d  
the sample do not influence the results. In the case of the model 2, the temperature coefficient 
depending on the chopping time, contrary to the model 1. The values determined, i. e. 0.020 ’C"1/ 
agrees with the data found in the literature about salt solutions and food products. Thus, the 
temperature parameter can be eliminated from the establishment of the relation between structure 
and conductivity.
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7. Data

Condu ctivity (mS/cm) Temperature coefficient 
model 1 - mS/cm'C

Temperature coefficient 
model 2 - %/'CTime (s) Mean Standard

deviation
Error
(%)

Mean Standard
deviation

Error
(%)

Mean Standard
deviation

Error 
(%) _115 1 2 . 1 1 1.44 11.89 0.271 0.0380 14.02 2.365 0.301 12.72130 13.20 1.37 10.37 0.320 0.0317 10.06 2.349 0.208 8.85145 14.79 0.69 4 . 6 6 0.302 0.0097 3.21 2.177 0.046 2 . 1 1180 14.97 0.87 5.81 0.311 0.0206 6.62 2.071 0.060 2.93215 13.83 0.79 5.71 0.309 0.0389 12.62 2.050 0.208 10.15250 14.00 0.58 4.14 0.299 0.0134 4.47 2.129 0.106 5.01280 15.08 0.64 4.24 0.305 0.0278 9.11 2 . 2 0 2 0.119 5.40310 14.86 1.54 10.36 0.277 0.0188 6.78 2.195 0.107 4.87340 15.61 1.71 10.95 0.261 0.0460 17.74 1.754 0.266 15.16370 13.63 0 . 6 6 4.84 0.340 0.0149 4.38 2.075 0.047 2.26

Table 1: Values of the conductivity at 18 *C and the temperature coefficients (models 1 and 2)
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Figure 1: Evolution of the conductivity vs 

temperature when the sample is cooled then warmed Figure 2: Range of conductivities for 
the different components of meat emulsi°n
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