
Article

Development of fat-reduced sausages: Influence of
binary and ternary combinations of carrageenan, inulin,
and bovine plasma proteins

Yanina Baracco, Laura T Rodriguez Furlán and
Mercedes E Campderrós

Abstract
The aim of this work was to study the influence of the binary and ternary combinations of bovine plasma proteins
(BPP), inulin (I) and k-carrageenan (C) in the overall quality of fat-reduced sausages. The influence of these
components over different properties (chemical composition, weight loss after cooking, emulsion stability, tex-
ture profile and sensory analysis of fat-reduced sausages) was studied and compared against two samples, one
without fat reduction and another a fat-reduced sample without addition of texturing agents. In this sense, a full
factorial experimental design of two levels with central point was used. The samples containing BPPþI and
BPPþC showed a synergy in which the binary combinations presented higher values of moisture and protein
content than the samples containing the individual components. The reduction of fat content increases the
values of hardness and decreases the values of springiness. Samples with 5% BPP (w/w) and binary combin-
ations of BPPþC and BPPþI had the best stability values (low total fluid loss), demonstrating a significant
synergistic effect by combining BPPþC. Similar results were obtained from the study of weight loss after cook-
ing. However, both studies showed a destabilization of the sample BPPþIþC as emulsion stability decreased
and weight loss increased after cooking compared to binary combinations (P< 0.05). Samples with a binary
combination of BPPþC and BPPþI do not present a statistically significant difference in the chewiness with
respect to a not-fat-reduced commercial sample (P>0.05). The less acceptable sample for flavor and texture
was the one containing only BPP. However, when BPP combined with I or C, a major acceptability was obtained,
demonstrating the synergistic effect of these binary combinations. Therefore, our studies revealed that the
binary combinations of BPP with I or C are good alternatives for the development of fat-reduced sausage.
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INTRODUCTION

Study of consumers in recent years has shown that con-
sumption is being increasingly influenced by nutritional
and health considerations. The high fat content of our
diet results in adverse effects promoting obesity, dia-
betes, cardiovascular disease, and certain types of

bowel cancer. The recommended dietary fat intake
should not exceed 20 to 35% of total caloric intake
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(Dietary Guidelines for Americans, 2010). Traditional
meat products such as sausages may contain up to 30%
of fat (Choi et al., 2013). However, from a techno-
logical point of view, fats play an important role in
meat products. They interact with other ingredients
and help in the development of texture, tenderness,
juiciness, affect the stability of meat emulsions, reduce
losses during cooking, improve mouthfeel and provide
a lubricating effect in processed meats, as well as con-
tribute to the flavor (Choi et al., 2013; Tobin et al.,
2012). Therefore, to improve the health of consumers,
the fat content of processed meat products has to be
reduced, but this should not impact negatively on the
functionality and quality of the product or adversely
affect the consumer acceptability. In this sense, fat con-
tent of meat products can be replaced with ingredients
such as replacing dietary fiber, protein isolates, and
carrageenan for healthier products. The incorporation
of compounds such as inulin, which acts as a fiber,
improves the nutritional value and enhances the quality
characteristics of the product, such as texture, increas-
ing water and fat binding capacity (Choe et al., 2013).
Carrageenan and bovine plasma proteins (BPPs) have
been used for their gelling, thickening, and stabilizing
properties in food products (Brewer, 2012; Rodriguez
Furlán et al., 2010a, 2010b).

Extensive research has been carried out between pro-
teins and carrageenan in different systems. Combinations
between kappa-carrageenan and milk protein, or soy
proteins have been studied (Baeza et al., 2002; Carp
et al., 2004; Molina Ortiz et al., 2004). Researches per-
formed by Ipsen (1995) and Baeza et al. (2002) found
a synergistic effect between k-carrageenan and soybean
protein due to the improvement of texture and viscoelas-
ticity of gels. However, few studies have been conducted in
combinations of inulin and carrageenan or inulin and BPP
as texturing agents or fat replacers in a meat product.

The aim of this work was to study the influence
of the binary and ternary combinations of BPPs,
inulin, and k-carrageenan over the overall quality of
fat-reduced sausages. The influence of these ingredients
on different properties such as cooking loss (CL), emul-
sion stability and texture profile analysis (TPA) of
fat-reduced sausages was studied and compared against
a control sample of non-fat-reduced products. For this
study, a full factorial design that allows the study of
interaction effects between factors was used.

MATERIALS AND METHODS

Raw materials

Spray-dried bovine blood plasma has been provided by
a local supplier (Yerubá S.A., Esperanza, Argentina).
The molecular weights of proteins were in the range of
15,000 to 80,000 Da. The proximate composition

provided by the manufacturer was: 76� 5% proteins,
0.1% fat, 10% ash, 4% water, and 1% low-molecular
weight compounds.

Inulin obtained from chicory was provided by Orafti
Chile S. A. The commercial inulin employed was mainly
constituted of linear chains of fructose molecules with a
terminal glucose unit. It has a molecular weight of
2400 g/mol and a polymerization grade of 12.

Carrageenans are sulfated polysaccharides that have a
strong electrolyte character due to their sulfate groups.
k-carrageenan has one sulfate group per repeated unit of
disaccharide and was provided by Sigma Aldrich.

Inulin, BPP, k-carrageenan, and their mixtures in
different proportions were evaluated to establish the
effect of these components as fat replacers. The selec-
tion of the amounts was based on preliminary studies of
their functional properties.

The additives used in the formulations were: sodium
diphosphate, sodium triphosphate, sodium nitrite, citric
acid, sodium citrate, and ascorbic acid. The ingredients
employed to prepare the sausage formulations, such as
meat courts, beef fat, starch, sucrose, salt, and season-
ings, were purchased from a local grocery store.

Preparation of fat-reduced sausage

The sausages were elaborated using a 2 kg batch per
treatment. The formulations were: (i) a full-fat sample
containing a regular amount of fat (30%, w/w), full-fat
sausage and (ii) fat-reduced samples (10%, w/w), where
BPPs, inulin, carrageenan, and their mixtures were used
as fat replacers in different proportions according to the
experimental design. Each formulation was replicated
three times including the control, and all the analyses
were carried out in independent form.

The ingredients used for preparing sausages are
shown in Table 1. The meat used for the production
of sausages was of third category (CAA), i.e. the lowest
category, containing a fat content between 30% and
40%, with visible nerves and small cartilages. BPP,
inulin (I), and carrageenan (C) were added in fat-
reduced samples according to the experimental design
(Table 2).

The steps used for preparing sausage formulation
were the following: the frozen meat and fat were
thawed slightly, were cut into small pieces, and
ground twice in a cutter (Coolbrand, Cool 8060
model, Argentina) using first a 5mm disk and then a
1mm disk. The required ice, seasoning, and additives
were then added and mixed for 1min. The sausage mix
was fractionated and the BPP, I or C were incorporated
according to formulations without previous dissol-
ution, and the preparation was mixed during 5min in
a planetary mixer for an adequate integration of the
different ingredients. The temperature should be
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maintained below 10 �C during preparation. The saus-
age mix was placed into the casing filler and stuffed into
cellulose casings (20mm diameter). The sausages were
hung in a convective oven at 90 �C and cooked at high
relative humidity (ffi90%) until an internal temperature
of 72 �C was reached, which was tested by a tempera-
ture sensor. This temperature was held for 10min.
Finally, the samples were submerged in a cold bath
(ffi15 �C), packaged into polyamide/polyethylene lamin-
ate plastic bags, and stored over night at 4� 1 �C (Choe
et al., 2013; Tobin et al., 2012, 2013; Zarringhalami
et al., 2009).

Chemical composition

The chemical composition of full-fat and fat-reduced
sausages were performed after seven days of storage
by the following methods: moisture content by gravi-
metric method (AOAC 925.10); ash by incineration
(AOAC 945.46); and protein content by determin-
ation of total nitrogen by the Kjeldahl method using
a Digestion Blocks and a semiautomatic Distiller
(Selecta, Spain) with a conversion factor of 6.25

(AOAC 991.22). For the total fat determination, the
technique of Bligh and Dyer (1959) was used: 20mL
methanol and 10mL of chloroform (CHCl3) were
added to 5 g of sample and mixed for 2min. Then,
other 10mL of CHCl3 were added and the mixture
was shaken vigorously. Eighteen milliliters of distilled
water were added and the mixture was vortexed again
for 2min. The layers were separated by centrifugation at
2000 r/min for 10min (Rolco Model 2070, Buenos Aires,
Argentina, centrifuger). The lower layer was transferred
to a pear-shaped flask with a Pasteur pipette. A second
extraction was done with 20mL 10% (v/v) methanol in
CHCl3. After centrifugation, the CHCl3 phase was
added to the first extract. Evaporation was carried out
by rotavapor (Buchi, 451, Flawil, Switzerland), and the
residue was further dried at 104 �C for 1h.

Emulsion stability

The emulsion was determined as follows: 5 g of each
sample without casing and without cooking was placed
in a centrifuge tube heated in a water bath (HAAKE, E3,
Vreden, Germany) at 75 �C for 30min and centrifuged at
3000 r/min for 30min. The tubes containing the samples
were left to stand upside down (for 30min) to release the
exudate onto a plate. Emulsion stability, defined as total
fluid release (TFR), was expressed as g/100 g of initial
sample weight (Jiménez Colmenero et al., 2010,
Rodriguez Furlán et al., 2014).

CL

The weights of eight sausages from each formulation
were recorded before and after cooking and the differ-
ences were calculated. Before weighing, the samples
were blotted with a paper towel to remove the excess
surface moisture. Weight loss after cooking was calcu-
lated as the difference between weights (Choe et al.,
2013; Tobin et al., 2013).

Texture analysis

The TPA was performed at room temperature with a
texture analyser TMS-TOUCH (Food Technology
Corporation, USA). For each sample, three cylindrical
slices were taken (20mm� 10mm) from the center of the
sausage. The samples were subjected to a two-cycle com-
pression test using the 50N load cell. The samples were
compressed to 40% of their original height with a cylin-
drical probe of 38mm and a test speed of 100mm/min.
The texture parameters determined were (Tobin et al.,
2013): hardness (N), maximum force required to com-
press the sample; springiness (dimensionless), ability of
the sample to recover its original form after deforming
force was removed; cohesiveness (dimensionless), extent

Table 1. Formulations of full-fat and fat-reduced sausage

Samples

Ingredients
(%, w/w)

Full-fat
sausage

Fat-reduced
sausage

Pork fat 29.7 9.7

Bovine meat 23.5 33.5

Pork meat 23.5 33.5

Sodium chloride 2.2 2.2

Sodium nitrite 0.01 0.01

Sodium triphosphate 0.4 0.4

Sugar 0.5 0.5

Citric acid 0.2 0.2

Cornstarch 1 1

Ascorbic acid 0.05 0.05

Condiments 1 1

Water (ice) 18 18

Table 2. The range of levels selected for the variables:
bovine plasma protein (BPP), inulin (I) and carrageenan (C)

Factor
(%, w/w)

Low
level (�1)

Central
point (0)

High
level (þ1)

BPP 0 2.5 5

I 0 2.5 5

C 0 0.02 0.04
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to which the sample could be deformed prior to rupture,
which is measured by the areas under the compression
portion; and chewiness (N), work required to masticate
the sample before swallowing, defined as the product
hardness times cohesiveness times springiness.

Sensory analysis

Each sample of sausage was identified with a three-digit
code and randomly ordered. The samples were served
in white plastic cups; water was provided for cleansing
the mouth between samples. The sample was tested at
room temperature by 25 semitrained panelists who
judged the samples through a nine-point hedonic
scale (9¼ extremely like, 5¼ neither like nor dislike,

1¼ extremely dislike). Flavor, aroma, color, and tex-
ture were evaluated (Feng et al., 2016).

Experimental design

The influence of varying concentrations of plasma pro-
tein, inulin, and carrageenan as fat replacers and emul-
sion stabilizers over the quality properties of low-fat
sausages (10%, w/w fat) was studied using a two-level
full factorial model with center point. The experimental
levels of the independent variables: concentrations of
BPP (x1), inulin (x2), and carrageenan (x3) are dis-
played in Table 2. Table 3 shows the different runs in
function of the combination of the selected concentra-
tions for each level (upper and lower).The design con-
sisted of eight experiments, including three repetitions
for the calculation of the pure error and for the lack-
of-fit test. Second-order Scheffé polynomials were fitted
for the experimental data as follows

Y ¼ �0 þ �1X1 þ �2X2 þ �3X3 þ �12X1X2

þ �13X1X3 þ �23X2X3

ð1Þ

where Y is the dependent variable; �0, �1, �2, etc.
are the coefficient estimates for each linear term, �12,
�13, �23, etc. are the coefficient estimates for each quad-
ratic term where the interaction between components is
evidenced (synergy or antagonism) for the system
model, and X1, X2, and X3 are the concentrations of
BPP, inulin, and carrageenan, respectively.

The response surface studies were made based on the
regression equations generated with the parameters that
showed a statistical difference using the Statistical 8
program.

Table 4. Composition analysis (g/100 g) of different sausages formulated

Samples

Composition (%, w/w)

Moisture Ash Protein Fat

1-BPPþIþC 58.87� 0.28a 3.76� 0.15a 19.21� 0.10a 16.07� 0.87a

2-IþC 63.32� 0.39b 3.20� 0.04a 16.55� 0.08b 14.27� 3.27a

3-BPPþC 61,58� 0.95c 3.84� 0.07a 21.87� 0.11c 13.76� 1.14a

4-BPPþI 70.94� 2.40d 2.98� 0.40a 18.89� 0.06a 12.16� 0.28a

5-C 64.69� 0.50e 3.98� 0.40a 18.82� 0.09a 14.93� 0.34a

6-I 60.45� 0.17c 4.03� 0.07a 17.65� 0.09d 13.22� 0.39a

7-BPP 62.11� 0.06b,c 3.87� 0.06a 20.23� 0.10e 14.94� 1.13a

8-Control 65.05� 0.08e 3.35� 0.05a 17.17� 0.09d 14.98� 3.67a

9-BPPþIþC 61.41� 0.50c 3.60� 0.08a 18.90� 0.09a 15.15� 0.65a

Full fat 62.89� 0.08b 3.77� 0.13a 10.07� 0.06f 26.87� 3.91b

Note: Values in a column with the same letter are not significantly different from each other at
P> 0.05.

Table 3. Performed test done in function of the combin-
ation of the different levels of ingredients: bovine plasma
protein (BPP), inulin (I) and carrageenan (C)

Formulations

Test x1 (BPP) x2(I) x3(C)

1 þ1 þ1 þ1

2 �1 þ1 þ1

3 þ1 �1 þ1

4 þ1 þ1 �1

5 �1 �1 þ1

6 �1 þ1 �1

7 þ1 �1 �1

8 �1 �1 �1

9 0 0 0
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Statistical analysis

The test of Tukey and analysis of one-way variance
were used for establishing the significance of P< 0.05
between the means of the analyzed values. The values
of P> 0.05, P< 0.01, and P< 0.001 were considered
not, very, and extremely significant, respectively. The
statistical analysis was performed by the statistical
GraphPad InStat software (1998).

RESULTS AND DISCUSSION

Composition analysis

Table 4 shows the results for composition analysis of
full-fat and fat-reduced sausages. No statistical signifi-
cant difference in the fat content between the fat-
reduced sausages was found. The approximate value
of fat content for these samples was 14% (w/w), with
a reduction of 50% in the fat content with respect to the
full-fat sample. The fat-reduced formulations presented
the differences in the moisture percentage content
(%M). Table 4 shows that the incorporation of C at
0.04% (w/w) did not generate changes in the %M with
respect to the fat-reduced control sample (formulation 8),
(P> 0.05). However, the combination of C with I or
BPP generated a decreased %M (P< 0.05 and
P< 0.01, respectively). The increase in the moisture
release can be due to electrostatic repulsion between
the two negatively charged molecules Bovine Serum

Albumin (BSA, majority protein of BPP) and k-carra-
geenan (Molina Ortiz et al., 2004). Galazka et al.
(1999) found that the addition of k-carrageenan to
BSA decreased the surface hydrophobicity of the pro-
tein by decreasing their water-binding capacity. Nieto
Nieto et al. (2016) investigated the thermal gelation of
oat protein in the presence of polysaccharide-like car-
rageenan. The polysaccharide structure significantly
increased the phase-separation and gel mechanical
properties; this behavior may be attributed to the
strong repulsive forces caused by carrageenan
molecules.

The incorporation of the individual component BPP
and I (formulations 6 and 7) also generated a significant
decrease of %M with respect to the control sample
(P< 0.001). Previous research has reported that an
increase in fiber content resulted in a decrease in the
moisture content of chicken frankfurters (Chang and
Carpenter, 1997).

From the experimental data of %M, the surface plot
(fitted response) of fat-reduced sausages (Figure 1) was
obtained. The results show that the highest values were
observed in the right side of the experimental area for
the formulation number four, where the binary com-
bination of BPPþI was tested. The sample BPPþI
showed a synergy in which the binary combination of
BPP and I presented higher values than the samples
containing the individual components. The increase in

Figure 1. Surface plot for sausage moisture content with the incorporation of different concentrations of fat replacers:
bovine plasma proteins (BPP), inulin (I) and carrageenan (C).
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water retention may be associated with the increase
of binding capacity of the binary combination of BPP
and inulin (Rodriguez Furlan et al., 2010a, 2010b).
Additionally, previous studies have demonstrated that
the combination of BPP with I increased the emulsion
capacity (Rodriguez Furlan et al., 2010b). Moreover,
the addition of dietary fiber at fat-reduced sausages
has been reported to improve gel strength by increasing
the link with water (Cardoso et al., 2008). However, the
combination of the BPPþIþC (formulation 1) gener-
ated a major decrease of %M, showing an important
antagonist effect (Figure 1 and Table 4). As previously
was exposed, the combination of C with BPP interferes
in the gel protein matrix reducing the water-holding
capacity.

Table 4 shows that no differences were found in the
protein percentage content between the control sample
(formulation 8) and the one with the incorporation of
I and combined with C (P> 0.05). As it is expected, the
incorporation of BPP generated a significant increase
on the protein content. In addition, the binary combin-
ation of BPP with C presented a synergistic effect,
because this sample shows higher values than the sam-
ples containing the individual components. This may be
due to the carrageenan’s ability to form a complex with
water and protein, decreasing the protein loss during
cooking in the exudate liquid (Brewer, 2012).

Emulsion stability and CL

The emulsion stability of the fat-reduced sausage for-
mulations was influenced by the different ingredients
(BPP, I, and C) used (Table 5). The fat reduction
produced an increase in TFR around 19% (w/w),

(full-fat sausage vs. formulation 8). Previous studies
have demonstrated that the fat reduction of frank-
furters produced an increase of TFR chiefly in the
amount of water released (Jiménez Colmenero et al.,
2010). This effect could be due to the reduction of the
proportion of fat with respect to the water content, and
therefore, the ability of proteins to form an emulsion
decreases, reducing the water-binding capacity and
increasing the TFR (Jiménez Colmenero et al., 2010).
The incorporation of inulin in the matrix (formulation 6)
generated an increase in the TFR. This suggests that
there is some interference between the effects produced
by this ingredient in the meat matrix, which affects the
emulsion stability. However, the combination of inulin
(I) with carrageenan (C) and/or BPP generated a sig-
nificant decrease of TRF (P< 0.05). In addition,
the aggregated of C (formulation 5) did not generate
statistical differences with respect to the control sample
(formulation 8), (P> 0.05). Therefore, the binary com-
bination of I and C (formulation 2) presented a syner-
gist effect in which the use of both ingredients presented
higher values than the samples containing the individ-
ual components with the same fat content.

The incorporation of BPP to the matrix generated
a decrease of TRF with respect to the control sample
(P< 0.05). Moreover, the combination of BPP with
C (formulation 3) presented the lowest values of
TFR, demonstrating the presence of a significant syn-
ergistic effect between both components (P< 0.001).
Furthermore, the TRF of this sample was lower than
the full-fat sample presenting an improved emulsion
stability (P< 0.001). The results of chemistry compos-
ition demonstrated that this sample presented a higher
protein content. It is well known that higher protein
concentration can form gels with a higher water hold-
ing capacity, or form more stable emulsions (Rodriguez
Fulán et al., 2010a, 2010b). In previous research, it has
been found that sausages with more protein content
had less total fluid loss (Colmenero, 1996).

CL is an important factor, because it is responsible
for the juiciness of meat products (Choe et al., 2013).
The CL was reduced by the incorporation of the indi-
vidual components of C and I (P< 0.05), and in a
higher proportion by the addition of BPP (P< 0.001)
with respect to the control sample (formulation 8). The
addition of fiber to frankfurter-type sausages has been
found to result in a reduction of CL (Choe et al., 2013).
Similarly, previous research has found that sausages
with the addition of whey protein were more stable
with reduced CL (Ensor et al., 1987). Noteworthy,
the binary combination of these three components
(IþC, BPPþC and BPPþI) generated a statistical
reduction of the CL with respect to the samples con-
taining individual components. This behavior evidences
the presence of a synergist effect between these

Table 5. Emulsion stability (total fluid release, TFR) and
cooking loss (CL) of fat-reduced sausages

Samples TFR (%) CL (%)

1-BPPþIþC 21.03� 0.51a 6.6� 0.3a

2-IþC 18.24� 0.45b 4.4� 0.2b

3-BPPþC 12.23� 0.99c 4.5� 0.2b

4-BPPþI 19.03� 0.23b 3.7� 0.2c

5-C 23.83� 0.44d 8.9� 0.5d

6-I 28.56� 1.46e 9.0� 0.4d

7-BPP 20.44� 0.83a 5.5� 0.3e

8-Control 24.45� 0.69d 11.2� 0.7f

9-BPPþIþC 22.47� 1.98a 11.3� 0.6f

Full fat 19.90� 2.32a 7.7� 0.4g

Note: Values in a column with the same letter are not significantly
different from each other at P> 0.05.
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components, which were lower than the control (for-
mulation 8) and the full-fat sample (P< 0.05).

The binary combination of BPPþI presented the
lowest values of CL, which is in agreement with the pre-
viously obtained results. This sample presented the high-
est moisture content (ffi71%, w/w). It is of interest to
notice that not only did low CL promote better techno-
logical properties but it has also entailed/involved eco-
nomic benefits (Jiménez Colmenero et al., 2010).

The binary combinations of BPPþC and BPPþI
present better stabilizing properties than the individual
components. This may be due to the complexation of
proteins with C or I, that alter the textural properties,
gel-forming, and water holding abilities of the BPPs
(Brewer, 2012).

Texture analysis

The ingredients studied affected texture of the fat-
reduced sausages (Table 6). The reduction of fat con-
tent increases the values of hardness and decreases the
values of springiness. Previous studies reveal that the
decrease in fat content of frankfurter-type sausage
increases the hardness (Cengiz and Gokoglu, 2007).
In addition, it has been found that the springiness of
frankfurters decreased with the reduction of fat content
(Mittal and Barbut, 1994; Tobin et al., 2012). No dif-
ferences were observed in hardness and chewiness
between the control sample (formulation 8) and the
samples with individual ingredients and the binary
combination of I and C. However, the samples with
combination of the three ingredients presented the
highest values of hardness and chewiness (P< 0.01).

The reduction in fat content increases the value of
cohesiveness and chewiness. These results are in agree-
ment with previous studies that reported an increased

level of cohesiveness and chewiness with a decreased
level of fat content in sausages (Olivares et al., 2010).
No difference in the values of cohesiveness was
observed between all fat-reduced samples analyzed.

The increase of values in hardness, cohesiveness, and
chewiness with a decrease of fat content can be due to
the fact that the reduction of fat generated an increase
of protein (Table 4). The increase in protein content can
create a dense and stable matrix that increases the tex-
tural parameters (Tobin et al., 2013).

Table 6. Texture profile analysis of the different samples of fat-reduced sausages

Samples Hardness (N) Cohesiveness Springiness Chewiness (N)

1-BPPþIþC 41.85� 4.56a 0.81� 0.04a 6.7� 0.4a 227.1� 34a

2-IþC 22.45� 0.77b 0.84� 0.02a 6.5� 0.3a 122.6� 3.7b

3-BPPþC 27.30� 0.54c 0.86� 0.05a 6.0� 0.5a 140.9� 4.2c

4-BPPþI 27.78� 1.40c 0.84� 0.07a 6.5� 0.4a 151.7� 7.6c

5-C 21.83� 2.05b 0.75� 0.02a 6.8� 0.2a 111.3� 10.0b

6-I 19.46� 1.68b 0.84� 0.05a 6.7� 0.3a 109.5� 9.8b

7-BPP 22.33� 4.19b 0.83� 0.02a 5.7� 0.5a 105.6� 19.3b

8-Control 20.61� 3.10b 0.79� 0.03a 6.6� 0.4a 107.5� 16.1b

9-BPPþIþC 35.03� 4.53d 0.82� 0.03a 6.8� 0.4a 195.3� 25.2d

Full fat 14.87� 1.25e 0.71� 0.02b 8.9� 0.6b 94.0� 7.5e

Note: Values in a column with the same letter are not significantly different from each other at
P> 0.05.
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Figure 2. Sensory parameters of fat-reduced sausages.
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The chewiness values of the samples BPPþC and
BPPþI presented similar values with respect to a com-
mercial sample (142.5� 8.5N), (P> 0.05).

Sensory evaluation

Figure 2 shows the results obtained for the sensory
evaluation of the different formulations of fat-reduced
sausages. All samples were sensory acceptable, obtain-
ing a higher value than 5 for the tested sensory param-
eters (flavor, aroma, color, and texture), among a range
of 5 to 8.5. Sample with incorporation of BPP present
significant differences in the taste (4.5) and texture (5.6)
parameters with respect to control sample (formulation
8). No significant differences for all parameters evalu-
ated between the other samples and the control were
found. Therefore, the incorporation of these ingredients
as fat substitute or stabilizers did not affect the sensory
properties. Previous studies reported that the addition
of dietary fiber at sausages and carrageenan to frank-
furters, respectively, could be used without altering the
sensory attributes of this meat products (Candogan and
Kolsarici, 2003; Choe et al., 2013).

CONCLUSIONS

From the data of chemical composition, it was
observed that the formulations have a healthier design
in which the fat content was reduced (ffi50%) and the
protein content was increased (ffi100%). In addition,
the development of a functional food was possible
due to the incorporation of a dietary fiber as inulin.

The binary combination of BPP with C presented a
synergistic effect, because this sample showed the high-
est values of protein content, higher than the samples
containing the individual components. This increase in
the protein content may be the cause of the reduction in
the TFR and the increase in the sample emulsion sta-
bility. Moreover, the binary combination of BPP with
I also presented a synergistic effect, because the surface
plot shows higher values of water content than the sam-
ples containing the individual components. These
results are in agreement with the studies of CL, where
a static reduction in the fluid loss during cooking was
observed. Therefore, these binary combinations
resulted in a product with greater stability and reduced
losses during cooking that can generate economic bene-
fits. In addition, the chewiness values of the samples
BPPþC and BPPþI presented similar values to a com-
mercial sample. The sensorial analysis of samples
showed that color, aroma, and texture were similar to
the control sample. With respect to the attribute of
flavor, the sample with BPP had a lower score than
the control sample. However, the binary combination
of BPP with C or I present highest score and similar to

the control sample. The results of this experiment sug-
gest that the binary combination of BPPþC and BPPþI
present a stabilizer effect, improving the process per-
formance by reducing the fluid loss during cooking.
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Baeza RI, Carp DJ, Pérez OE and Pilosof AMR. (2002).

k-Carragenan–protein interactions: Effect of proteins on

polysaccharide gelling and textural properties. Lebensm.-

Wiss. u.-Technology 35: 741–747.
Bligh EG and Dyer WJ. (1959). A rapid method of total lipid

extraction and purification. Canadian Journal of

Biochemistry and Physiology 37: 911–917.
Brewer MS. (2012). Reducing the fat content in ground beef

without sacrificing quality: A review. Meat Science 91:

385–395.
Candogan K and Kolsarici N. (2003). Storage stability of

low-fat beef frankfurters formulated with carrageenan or

carrageenan with pectin. Meat Science 64: 207–214.
Cardoso C, Mendes R and Nunes ML. (2008). Development

of healthy low-fat fish sausage containing dietary fibre.

International Journal of Food Science and Technology 43:

276–283.

Carp DJ, Baeza RI, Bartholomai GB and Pilosof AMR.

(2004). Impact of proteins–k-carrageenan interactions on

foam properties. Lebensm.-Wiss. u.-Technology 37:

573–580.
Cengiz E and Gokoglu N. (2007). Effects of fat reduction and

fat replacer addition on some quality characteristics of

frankfurter-type sausages. International Journal of Food

Science and Technology 42: 366–372.
Chang HC and Carpenter JA. (1997). Optimizing quality of

frankfurters containing oat bran and added water. Journal

of Food Science 62: 194–202.

Choe JH, Kim HY, Lee JM, Kim YJ and Kim CJ. (2013).

Quality of frankfurter-type sausages with added pig skin

and wheat fiber mixture as fat replacers. Meat Science 93:

849–854.
Choi YS, Park KS, Kim HW, Hwang KE, Song DH, Choi

MS, et al. (2013). Quality characteristics of fat-reduced

frankfurters with pork fat replaced by sunflower seed

oils and dietary fiber extracted from makgeolli lees.

Meat Science 93: 652–658.

Food Science and Technology International 23(3)

252



Colmenero FJ. (1996). Technologies for developing low-fat
meat products. Trends of Food Science and Technology 7:
41–48.

Dietary Guidelines for Americans, 2010. U.S. Department of
Agriculture and U.S. Department of Health and Human
Services. 7th Edition, Washington, DC: U.S.
Government Printing Office, December 2010.

Ensor SA, Mandigo RW, Calkins CR and Quint LN. (1987).
Comparative evaluation of whey protein concentrate, soy
protein isolate and calcium-reduced nonfat dry milk as

binders in an emulsion-type sausage. Journal of Food
Science 52: 1155–1158.

Feng X, Sebranek JG, Lee HY and Ahn DU. (2016). Effects

of adding red wine on the physicochemical properties and
sensory characteristics of uncured frankfurter-type saus-
age. Meat Science 121: 285–291.

Galazka VB, Smith D, Dickinson E and Ledward DA.
(1999). Effect of high pressure on protein–polysaccharide
complexes. In: Dickinson E and Rodriguez JM (eds) Food
Emulsions And Foams, Interfaces, Interactions, and stabil-

ity. Cambridge, UK: The Royal Society of Chemistry,
pp. 106–116.

Ipsen R. (1995). Mixed gels made from protein and kappa-

carrageenan. Carbohydrate Polymers 28: 337–339.
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