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2. Background and objectives

a4 The chopping phase is a main stage during the manufacture of frankfurter-type sausages: the
tfferent components are structured into an homogeneous mixture, then the product's quality after
oermal 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
MUPOSe has been studied (3,4). However conductivity is dependent of temperature and this parameter
I]gcreases 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
Tucture of the emulsion and its conductivity. The relative variation of conductivity against
sWPEIature is within the range 0.015-0.07 °C"l, depending on the type of solution: for water, §alt
®lutions, it is about 0.02-0.03 °C’! (1), for milk, 0.020-0.025 °C’! (6), for sugar solution,
B2y -1 (5) and for muscle, the influence of temperature on resistivity is around -0.02 e )
oreOVer, the temperature coefficient is usually itself a function of temperature.
of The aim of the present study is to characterize, for different chopping times, Fhe ?volution
th-the conductivity versus the temperature by determining temperature coefficients using 2 models:
1S will allow to eliminate the temperature parameter in the establishment of the relation between
Tucture and conductivity.

3. Methods
n The composition of the mixture corresponds to that of frankfurter-type sausages: 40 % lgan
fat, 30 % water, 30 % fatty tissue ; common salt concentration is 2 %. The times of chopping

tESted are 115, 130, 145, 180, 215, .250, 280, .310, 340, 370.8.. This rangei{of time allows'to work on
€ different types of structure of the emulsion. The conductivity of the emulsion is measured
(;lng an electrode (WTW, LTA/S) with a cell constant of 1 cm™l, connected to a conductivity meter
& W, LF 530) . Temperature and conductivity are jointly recorded on 10 samples of 100 .ml - of
Mlsion, for each processing time.
te The temperatures are within the range 12-30 °C. For the lowest times, i. e. 115 to 180 s, the
thmperature of the emulsion is below 18 °C: the samples are warmed with a water-bath gt 35 SEosEOY
baihuppeg times, 215 to 370 s, the temperature is above 18 °C: the samples are cooled into a water-
at 303
in The first points of the graph conductivity versus temperature, which correspond to the
destallation of a thermal equilibrium of the electrodes, are eliminated. Temperature coefficient is
termined by regression analysis according to two models: (1) C m@li i+ Cp andor(2)
an§ Lo (Li® b (T =:Tg) ) with: Ci' conductivity at iT *C, Cgi conduttivity at To =18 1"Crra (mS/cmste)
5 Sb (3/:C) ¢ temperature coefficients. Calculations are led by using for each sample its own
Onductivity at 18 °C, because of its high variability (cf. table 1).

4. Results and discussion

Mog Table 1 sums up the valges of the temperature coefficient, in function of processing time and

th €l. The correlation coefficients between conductivity and temperature are higher than 97.66 %,
€ two models are appropriate within the range of temperature studied.

i The analysis of variance shows that there is no significant difference between the coefficient

.'38luated during an increase of temperature and that determined during a decrease ( cf. figure 1):

is therefore possible to carry out the experiments for determining the influence of the

fMperature 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 noi 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 differentone ‘from another  (¢f. '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 wvariation of a, b and of the conductivity.

The mean values of temperature coefficients at the different processing times are compared by

3 : :
he 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 choppind
times ; a is estimated to 0.306 mS/cm °C.

e model 2: the coefficient b is considered to be the same at 115 s, 130 s, 145 s: 0.0230 °C%;
180:.8,42154s, 2250 s:.0.0208 °C 1, 280"s,. 310's, 370 s: 0.0217 “c-T,

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 OP
sausage-type emulsion shows up on one hand, that 2 models are appropriate to describe the
temperature coefficient and, on the other hand, that the thermal treatment (cooling or heating) ?f
the sample do not influence the results. In the case of the model 2, the temperature coefficient 15
depending on the chopping time, contrary to the model 1. The values determined, i. e. 0.020 o
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 structur®
and conductivity.
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7. Data

Conductivity (mS/cm) Temperature coefficient Temperature coefficient
model 1 - mS/cm°C model 2 - %/°C
Time (s) Mean Standard Error Mean Standard Error Mean Standard Error
deviation (%) deviation (%) deviation (%))

15 1211 1.44 11589 0.2 71 0.0380 14.02 2.365 0301 12562
130 18520 1837 1037 0:..320 0031 10.06 2.349 0.208 8.85
145 14.79 0.69 4.66 0..302 0.0097 Sn2r 25 1 0.046 2na
180 14.97 0.87 5481 0.311 0.0206 6.62 2001 0.060 2593
215 1383 0.79 5171 02309 0.0389 12.62 2050 0.208 1015
250 14.00 0.58 4.14 0.299 0.0134 4.47 2.129 0.106 55,108
280 L5508 0.64 4.24 0.305 0.0278 O 2202 0.1319 5.40
310 14.86 1.54 10v 56 U2 0.0188 6.78 25195 0.107 4.87
340 15,51 1571 10.95 0.261 0.0460 17.74 o4 0.266 1
370 13063 0.66 4.84 0.340 0.0149 4.38 27075 0.047 2220

Table 1: Values of the conductivity at 18 °C and the temperature coefficients (models 1 and 2)

17
- “i
B
3]
B . [, | K b 4 ® + -
g 16T =" Laahat e ¥ .
- o @ 0 O S o EAAE ~ o
> o—a" S befio L b3 I
HArs L /';'/ = X z irt «© i 3
g g + - R M 5
> —a—" 2 o ¢’ 2 [ 9
- oZn" © I ) & ) L
) ez fu ) I 1]
Ot i " A z 3 e
(n] igu/ ac .E 2
g ,..i‘ Jf—ﬂ’ o (/2]
o s 2
© 13 ; : " : | b " } } X —
12 14 16 18 20 22 30
. 0 5 10 15 20 25
Temperat (64
pe Dre Lkl Conductivity (mS/cm)
Figure 1: Evolution of the conductivity vs Figure 2: Range of conductivities for
temperature when the sample is cooled then warmed the different components of meat emulsion

496




