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1 Introduction
Meat pâtés are emulsion-type meat products with high 

fat content. Fat reduction or removal is desirable with regard 
to its connection to a number of health issues the human 
society, such as cardio-vascular diseases (Briggs  et  al.,  2017; 
Olmedilla-Alonso et al., 2013). Fats, however, have a stabilizing 
effect on the emulsion formed by the extracted meat proteins, 
thereby contributing to improve consistency and juiciness 
(Choi  et  al.,  2009, 2013; Morin  et  al.,  2004) and the taste 
characteristics of the product (Santhi et al., 2017). Their positive 
role in the reduced contraction of the protein net during the 
heat treatment of the meat mass has also been confirmed 
(Feiner, 2006; Kumar  et  al.,  2016). Therefore, the choice of 
components for fat substitution in meat emulsion products 
is of great importance. Prebiotic inulin is a functional food 
ingredient that has a future in this respect (Berizi et al., 2017; 
Mantzouridou et al., 2012; Shoaib et al., 2016; Souza et al., 2019). 
Regardless of the undoubtedly proven texturizing properties 
of inulin, there are different opinions in scientific literature 
concerning its use for the stabilization of the raw and thermally 
processed meat mass in the manufacture of meat products. 
According to Felisberto et al. (2015) prebiotic fibers as well as 
inulin when are used as fat substitutes reduce stability of meat 
emulsions and increased the gelation temperature of the new 
complex low-fat meat structure. At the emulsification process 
inulin improved the water binding and the stability of the meat 
batter, but during heat treatment its ability to retain bound water 

decreases (Silva-Vazquez et al., 2018). The obtained models by 
Keenan et al. (2014) showed that inulin inclusion as fat replacement 
in comminuted meat products reduced cook loss and improved 
emulsion stability, but also led to significant modification in 
textural and eating quality of final product. Therefore, the 
direct effect of inulin preparations on the indicators of texture 
(Álvarez & Barbut, 2013; Cegielka & Tambor, 2012) along with 
consumers’ growing demand for healthier meat products provide 
an interesting opportunity for improving the food profile of 
these products. This is particularly valid for sterilized meat 
pâtés where the effect of high-temperature processing on the 
emulsifying capacity of the modified composition of the meat 
matrix has been insufficiently studied. Therefore, the aim of 
this work was to study the effect of the independent variables 
(temperature and holding time) of the sterilization process 
upon the lethal effect, emulsion stability and inulin-type fructan 
content of low fat pâtés.

2 Materials and methods
Pâté recipe: The following ingredients were used for the 

production of the meat pâté: deboned turkey meat: 30%, chicken 
liver: 10%, egg mélange: 18%, inulin: 12.5%, pork soft fat: 11.25%, 
cornstarch: 2%, lentil flour: 1.25%, table salt: 1.5%, sodium nitrite: 
0.005%, polyphosphates: 0.2%, black pepper: 0.3%, nutmeg: 
0.05%, coriander: 0.15%, and potable water: 15%. Orafti®HPX 
inulin (Beneo-Orafti Ltd., Belgium) was used in the form of a 
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gel obtained by hydration as described by Latoch et al. (2016), 
and was added during the cutting process.

Pâté processing: Experimental pâtés were prepared from 
defrosted and sliced poultry meat by grinding in a cutter (Fimar 
CL/5) and with addition of poultry liver. During the cutting 
curing salts, polyphosphates, egg mélange, spices, inulin and 
lentil flour were added. During the cutting, water was added up 
to 15% by weight of the meat. The prepared fine and homogenous 
meat mixture was heated to 70 °С and filled manually into cans 
having a size of H=26.5 mm and D=99 mm.. Cans were closed 
with sealing machine (Lanico Machinenbau, Otto Niemsch 
KG, Braunschweig) and sterilized in the laboratory autoclave 
at eleven different sterilization regimes (Table 1).

The emulsion stability was determined according to the 
method described by Zorba et al. (1993).

For determination of residual fructans (including inulin) 
in the samples, a spectrophotometric method based on the 
Seliwanoff Reaction for ketoses was used (Petkova et al., 2014).

2.1 Experimental design and data analysis

The statistical processing of the data obtained was made 
using the Statgraphics 16 software. The experiments were 
conducted with threefold repetition, and the data in the tables 
and graphs are arithmetic means of the indicators measured. 
Statistically significant differences were found at a probability 
less than 0.05.

Optimal Central Composite Design (OCCD) was used for 
the sterilization of low fat pâtés according to response surface 
methodology with two variables (Table 1), (Riswanto et al., 2019). 
The complete design consisted of 11 experimental runs with three 
replications of the center point. The levels of the independent 
variables (temperature and holding time) were established 
according to literature information and preliminary trials.

Considering two parameters and a response, the experimental 
data were fitted to obtain a second-degree regression Equation 1 
of the form:

      
n n n n2

0 i i ii i ij i j
i 1 i 1 i 1 j 1

y b b X b X b X X
= = = =

= + + +∑ ∑ ∑ ∑  (1)

where y is the predicted response (dependent variable) for 
lethal effect, emulsion stability and inulin-type fructan content, 
respectively; Xi. and Xj are the independent variables; b0, bi, bii, 
bij are regression coefficient for intercept, linear, quadratic and 
interaction terms. SYSTAT statistical software (SPSS Inc., Chicago, 
USA, version 7.1) and Excel (Microsoft Office, 97-2003) were 
used to analyze the data.

3 Results and discussion
The thermograms during sterilization of the pâté samples are 

shown in Figure 1. The heat sterilization regimes of canned poultry 
meat should both maintain the highest possible organoleptic 
parameters and ensure the microbiological safety of the product. 
From this point of view, it is particularly relevant to work out a 
formula for sterilizing new types of canned food with poultry 
meat (Pasichnyi et al.,2017). From the data of Table 1, it can be 
concluded that the sterilization modes of sample 2, sample 4, 
sample 6, and sample 8 are sufficient to ensure the commercial 
sterility of cans (Holdsworth & Simpson, 2016).

The regression models for all the investigated responses 
were highly significant (according to P-value) with satisfactory 
coefficients of determination (R2) in the range of 0.9930-0.9986 
(Equations 2, 3, and 4). These results show that the predicted 
models for the investigated responses were adequate, indicating 
that the second-order polynomial model could therefore be 
effectively used to represent the relationship between the selected 
parameters (Jozinović et al., 2017; Pietrasik & Li-Chan, 2002).

Table 1. Optimal central composite design and experimental data for lethal effect, emulsion stability and inulin-type fructan content of low fat 
pâtés sterilized under different conditions.

Run Nº

Independent variable values and corresponding levels
Lethal effect Y1 

(min)
Emulsion 

stability Y2 (%)

Inulin-type 
fructan content 

Y3 (g/100g)
Temperature X1 (°C) Holding time X2 (min)

Coded levels Actual levels Coded levels Actual levels

1 - 111 - 24 2.28 99.79 ± 0.02g 1.67 ± 0.01j

2 + 121 - 24 25.85 99.97 ± 0.02h 0.43 ± 0.01a

3 - 111 + 70 6.62 99.66 ± 0.02f 0.74 ± 0.01e

4 + 121 + 70 55.46 98.94 ± 0.02a 0.59 ± 0.01b

5 - 111 0 47 4.45 99.55 ± 0.01е 1.31 ± 0.01i

6 + 121 0 47 35.17 99.28 ± 0.01b 1.61 ± 0.01c

7 0 116 - 24 12.02 99.98 ± 0.01h 1.19 ± 0.01h

8 0 116 + 70 24.15 99.40 ± 0.01c 0.69 ± 0.01d

9 0 116 0 47 16.69 99.51 ± 0.01d 1.00 ± 0.01f

10 0 116 0 47 17.22 99.49 ± 0.01d 0.99 ± 0.01f

11 0 116 0 47 16.81 99.54 ± 0.01е 1.08 ± 0.01g

The values shown are the arithmetic means of three measurements for each indicator for the respective sample. a-j – the values bearing a common letter designation did not differ 
statistically (P > 0.05).
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Figure 1. Heating curves of the pâté samples under different sterilization conditions.
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The resulting models, after removing the nonsignificant 
terms, were evaluated in terms of uncoded factors and are 
presented below:

( ). .  .  .   .   .2 2
1 1 2 1 2 2Y 700 466 12 638 X 6 724 X 0 055 X X 0 008 X R 0 9938= − − + + =  (2)

( ). .  .  .  .   .   .2 2 2
2 1 2 1 1 2 2Y 39 906 0 986 X 0 183 X 0 004 X 0 002 X X 0 0003 X R 0 9986= + + − − + =  (3)

( ). .  .  .  .   .   .2 2 2
3 1 2 1 1 2 2Y 17 448 0 5 X 0 267 X 0 003 X 0 002 X X 0 0002 X R 0 9930= − + − − + − =  (4)

Each of the estimated effects and interactions are shown in 
the standardized diagram, the Pareto chart (Figure 2). It consists 
of horizontal blocks with lengths proportional to the absolute 
values of the estimated effects, divided by their standard errors. 
The vertical line in the Pareto chart represents the value of the 
Student criterion at 95% confidence level and separates factors 
that are significant from those that are not.

The Pareto chart for emulsion stability (Figure 2a) shows 
the predominance of holding time (factor B). The interaction 
between temperature and holding time (A × B) comes next 
in order of importance. Temperature (factor A) also had a 
significant effect on emulsion stability. In total, there were five 
statistically significant effects. With the increase in treatment 

time, emulsion stability decreased. The same trend was observed 
with temperature.

The linear effect that was due to the temperature (factor 
A) had the highest impact on the inulin-type fructan content 
(Figure 2b). The holding time (factor B) also had a significant effect 
on the inulin-type fructan content (P < 0.05). Fructans decreased 
with the increase in temperature. The same trend was observed 
with treatment time.

The linear effect that was due to the temperature (factor A) 
had the highest impact on the lethal effect (Figure 2c), followed 
by the holding time (factor B). The L-values increased with the 
increase in temperature. They also increased with the increase 
in holding time but to a lesser extent. Predictably, higher factual 
lethality values (L-values) in pâté sterilization were reached as 
a result of the combination between high temperature and long 
pate sterilization time (Figure 3c).

The best way to visualize the effect of independent variables 
on dependent ones is to draw surface response plots of a proposed 
model like those given in Figure 3, which shows the combined 
effects of process variables (temperature and holding time) on 
lethal effect, emulsion stability, and inulin-type fructan content of 
pâté samples. The variation of responses with respect to different 
factor levels can be seen in the surface plots for each response 
(Luckose et al., 2015). As holding time increased from 24 to 
70 min and temperature from 111 to 121 °C, both responses 

Figure 2. Estimated effects of regression model coefficients on the emulsion stability (a), inulin-type fructan content (b) and lethal effect (c).
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their capacity to stabilize meat emulsions (Barbut & Youssef, 
2016; Glorieux et al., 2019).

Apart from the emulsion capacity, there was also a marked 
dependence between the sterilization regime and the residual 
fructan content, including inulin, in the pâté samples (Table 1, 
Figure 3b). The inulin content decreased with the increase in 
temperature and sterilization time. As the holding time increased 
from 24 to 70 min and the temperature from 111 to 121 °C, the 
inulin-type fructan content was found to decrease from 1.67 to 
0.59 g/100 g. These results corresponded well with the data reported 
by Böhm et al. (2005), Rueangwatcharin & Wichienchot (2015), 
and Wang et al. (2009) indicating that heat treatment led to the 
decomposition of the long fructose chains to their monomers.

Fructooligosaccharide degradation was observed within a 
much lower heat treatment range of 60-100 °C, and the rate of 

namely emulsion stability and inulin-type fructan content, were 
found to decrease (Figure 3a, b). The lowest emulsion stability 
value of 98.94% was recorded in the sample with the longest 
sterilization time and the highest treatment temperature (the 
upper levels of the independent variables), which was statistically 
different (P < 0.05) from all other samples (Table 1, Figure 3a). 
The best emulsion stability was registered in samples 7 (99.98%) 
and 2 (99.97%), where the sterilization time was much shorter. 
According to Glorieux et al. (2019), Kim et al. (2001), Santhi et al. 
(2017), the formation of a stable gel and a stable meat emulsion 
is influenced by a number of factors, such as heat treatment 
temperature and time, active acidity of the medium, etc., which 
corresponds to the lower potential for meat emulsion stabilization 
with the enhanced sterilization effect as established in this study. 
Perhaps thermal processing affects the structure of the carbon 
chains formed by the lentil flour and inulin gel added, hence 

Figure 3. Effect of temperature (°C) and holding time (min) on the emulsion stability - ES, % (a), inulin-type fructan content - Fr, g/100 g) (b) 
and lethal effect, min (c).
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degradation depended on the treatment time and the active acidity 
of the medium (Glibowski & Bukowska, 2011; Matusek et al., 2009). 
Thus, Huebner et al. (2008) reported that high temperature and 
low pH could cause partial degradation of these carbohydrates, and 
according to Böhm et al. (2005), these factors led to a significant 
reduction of the prebiotic potential of inulin. The amount of 
hydrolyzed saccharides is greater at a lower pH range from 2.7 
to 4.2, longer heating time and higher temperature. The degree 
of hydrolysis of fructooligosaccharides with high heating effects 
can even reach values of over 80% (Klewicki, 2007).

4 Conclusion
Demonstration of successful incorporation of functional 

ingredients into meat products is important for the developing 
and commercialization of new nutritionally designed foods. 
The mathematical models obtained describe with relatively high 
accuracy the effect of the independent variables temperature 
and holding time on the emulsion stability, fructan content 
and factual lethality of the sterilization process. The analysis of 
the results demonstrated that the more intensive sterilization 
regimes led to lower values of emulsion stability, which was 
more considerably affected by the holding time, as seen in the 
Pareto chart. In terms of the fructan content in the ready pâté 
samples after heat treatment, the Pareto chart shows that the 
linear effect of the temperature applied had a greater effect.
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