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EVALUATION OF FAT REPLACERS IN LINGÜIÇA
(A FRESH PORK SAUSAGE OF BRAZIL)

Abstract
Lingüiça is  a sausage prepared with fresh pork, which is an important brazilian food staple. This work evaluated the influence

of 4 Fat replacers and a control in a product: 1) control, 2) carrageenan gum (kappa), 3) milk-whey protein, 4) cassava modified starch
5) oat meal flour. The results of the treatments can be classified in decreasing order for parameters studied. For caloric value: carrageenan
gum, milk-whey protein, cassava modified starch, oat meal flour and control; total fat: carrageenan gum, cassava modified starch, oat
meal flour, milk-whey protein and control; total fatty acids: carrageenan gum, oat meal flour, milk-whey protein, cassava modified
starch and control; cholesterol: cassava modified starch, carrageenan gum, oat meal flour, milk-whey protein and control. Sensory
scores for acceptance were carrageenan gum, control, milk-whey protein, cassava modified starch and oat meal flour. It is suggested
that the best replacer is carrageenan gum for its effect on both sensory and nutritive parameters. © 2003 Altaga. All rights reserved.

Keywords: fat replacers; fresh pork sausage; cholesterol reduction; fat reduction.

Resumen
La Lingüiça es es una salchicha preparada con carne de cerdo fresca, la cual es un importante elemento de la dieta brasileña.

Este trabajo evaluó la influencia de 4 substitutos de materia grasa  y un control : 1) control, 2) goma carragenato, 3) proteína de suero
de leche, 4) almidón modificado de yuca, 5) harina de avena. Pueden clasificarse los resultados de los tratamientos en orden decreciente
para los parámetros estudiados. Para el valor calórico: goma carragenato, proteína de suero de leche, almidón modificado de yuca,
harina de la avena y control; la grasa total: goma carragenato, almidón modificado de yuca, harina de la avena, proteína de suero de
leche y control; los ácidos grasos totales: goma carragenato, harina de la avena, proteína de suero de leche, almidón modificado de
yuca y control; el colesterol: almidón modificado de yuca, goma carragenato, harina de la avena, proteína de suero de leche, y control.
Los resultados sensoriales para la aceptación fueron goma carragenato, control, proteína de suero de leche, almidón modificado de
yuca y harina de la avena. Se sugiere que el substituto mejor es la goma carragenato tanto por su efecto en los paramétros sensoriales
como nutritivos. © 2003 Altaga. Todos los derechos reservados.

Palabras clave: substitutos de materia grasa; Lingüiça; reducción de colesterol; reducción grasa

Resumo
Lingüiça é unha salchicha preparada con carne de porco fresca, a cal é un alimento importante da dieta brasileira. Este traballo

evaluou a influencia de 4 substitutos de materia graxa e un control: 1) control, 2) goma carragenato, 3) proteína de soro de leite, 4)
almidón modificado de yuca, 5)  fariña de avena. Poderían clasificarse os resultados dos tratamentos no orden decrecente para os
parámetros estudiados. Para o valor calórico: goma carragenato, proteína de soro de leite, yuca, fariña da avena e control; a graxa
total: goma carragenato, almidón modificado de yuca, fariña de avena, proteína de soro de leite e control; os ácidos graxos totais:
goma carragenato, harina de avena, proteína de soro de leite, almidón modificado de yuca e control; o colesterol: almidón modificado
de yuca, goma carragenato, fariña de avena, proteína de soro de leite, e control. Os resultados sensoriais para a aceptación foron goma
carragenato, control, proteína de soro de leite, almidón modificado de yuca e fariña de avena. Suxírese que o substituto mellor é a
goma carragenato por su effecto en nos parámetros sensoriais e nutritivos. © 2003 Altaga. Tódolos dereitos reservados.

Palabras chave: substitutos de materia graxa; Lingüiça; reducción do colesterol; reducción graxa.
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INTRODUCTION

Cardiovascular diseases are the main cause of
morbidity and death in the industrialized countries,
especially in aged people. The relationship between
cardiovascular diseases and diet has been already observed
at the end of the 19th century when atherosclerosis was
induced in animals, by giving saturated fats and cholesterol
to rabbits. In 1933 it was confirmed that populations
consuming a high amount of saturated fats presented
atherosclerosis and coronary heart disease. Finally in the
1960's, Ancel Keys, through the Seven Country Study,
gave the evidence that the intake of saturated fat was the
main environmental factor for cardiovascular diseases.
Nevertheless, to demonstrate the role of saturated fats in
the pathogenesis of cardiovascular diseases, randomized
intervention trials on human were required to give
reasonably certainty of their detrimental effect.

Linguiça, Fresh sausage prepared with pork, is an
important element in Brazilian food staple. In the State of
São Paulo, it represents 35.7% of meat consumption. The
consumption of Lingüiça is often controversial due to
beliefs that it contributes to an excess of fat and cholesterol
in the diet. Awareness of adverse effects of excessive
dietary fat intake is virtually universal. Although
consumers seek for foods with very little quantity of fat
and calories, they also look for palatable food. Fat
contributes to sensory and physiological benefits in a
product and in the diet. Foods formulated with fat replacers
(FRs) may not be favorably compared with full fat
counterparts in terms of flavor (Akoh, 1998), which
explains why it is so difficult for some people to keep a
low fat diet.

It is important to highlight that meat products,
especially sausage-like products, are largely consumed in
Brazil. There's a relationship between the intake of animal
fat and the increasing of plasma cholesterol levels and
cardiovascular diseases. Therefore, it is recommended,
for preventive purposes, to reduce the intake of fat (Willet,
1995).

In the last two decades, many researchers dedicated
their efforts to develop low fat meat products. Mela (1992)
studied the role of fat replacer's nutritional implications
on calories, fatty acids, lipo-soluble vitamins and
cholesterol metabolism in a normal population. The
researcher reported that fat replacers were safe, but neither
the food quantity nor the studied subjects were inadequate
for the study (Pszczola, 1997).

The fat-replacers were chosen based on their
availability in this region. There were two groups:
carbohydrates (gums and modified starches) and proteins
(microparticulated whey protein and egg albumin).  The
main fat-replacers, for meat products, are proteins,
probably due to many advantages in their manipulation
and isolation during meat processing (Akoh, 1998). Made
from a carbohydrate base, the product was designed
specifically as a complete substitute for animal fats while
delivering many of them functionalities. The product
consists of a rigid gel spice that carries whitin its structure
a fully functional fat mimetic which is rendered out of the
piece when the gel is heated (usually when the meat is

cooked) (Pszczola, 1997). Made from a protein base, the
proteins that have fat-sparing properties. They act
synergistically with the gums present. They are prepared
by heating and subsequent shearing of a 25% solution of
coagulated egg or milk proteins. This forms a fat-like
paste. In theory, microparticles of protein create a ball-
bearing effect which mimics the lubricity of fats. They
many not be heat-stable because the proteins denature and
toughen up when heat is applied (Anderson, 1990).

There is no single ideal fat replacer that can
recreate all the functional and sensory attributes of fat.
As a result, a systems approach using several ingredients
individually or in combination is frequently used to
achieve the characteristics of fat (CCC, 1996). Further
development in fat replacement is needed, particularly
with respect to the effect of water (holding-capacity) on
food formulation containing fat replacers (Akoh, 1998).

The present study evaluates the possibility of using
fat replacers in a popular meat product, having pork back
fat as an ingredient, besides pork meat, with the aim to
reduce both cholesterol and fatty acids, and keeping the
original sensory quality.

MATERIALS AND METHODS

Materials
Lingüiça was processed with 1) fat/control (20%

of pork fat in the final product), 2) carrageenan gum (20%
w/w), 3) milk-whey protein (12.5% w/w), 4) cassava
modified starch (2% w/w), 5) oat meal flour (3% w/w), as
shown in (Table 1 and Figure 1).

The ingredients added were in accordance with
Brazilian laws for foods and beverages (ABIA - Brazilian
Association of Food Industries, 1996). This Association
establishes the use of antioxidants (0.20 g/ 100 g) and
preservatives (sodium nitrite, 0.02 g/ 100 g; sodium nitrate,
0.05 g/ 100 g)  in the final product.

The FRs used in this case are not used in regular
Lingüiça, or on meat products. Therefore, this product is
under another legislation, which regulates dietetic
products, named "foods for special purposes".

All formulas are based on a 2.5 kg meat blocks.
All additives used were based on that weight, rather than
on a percentage. Salt, sugar, spices and water or ice were
added directly.

Methods
The samples were analyzed in duplicate for:
Total calories using a proximate analysis (AOAC,

1990). Caloric value coefficients were calculated
according to ATWATER (Watt and Merrill, 1963).

Total fat. The lipids were determined using the
dry column methodology suggested by Marmer &
Maxwell (1981), which defend such method as a viable
alternative to extraction using chloroform, methanol, and
water. The beakers employed were previously stove dried
for 12 h at 105ºC, after this they were cooled in a dessicator
and weighed. Ten mL of the dry column extract were
transferred to the beaker and evaporated under nitrogen.
Afterwards the extract was placed in a stove at 105ºC

ALTAGA ©2003                                                                          Rocco et al.: Evaluation of fat replacers in Lingüiça ...
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and, after 3 h, it was cooled in a dessicator and weighed
on an analytical balance.

Total fatty acids (FA). Lipids were submitted to
cold saponification and methilation with BF3 in methanol
(Morrison & Smith, 1964). The determination of FA was
conducted in a GC Chrompack CP9002, split injector in
a ratio 100:1, FID and Capillary Column of fused silica
CP-SIL 88 (50m; 0.25mm and 0.25mm). The C17:0 was
used as internal standard  and the fatty acid methyl ester
mixture # 189-19 was used as quantitative external
standards, they were both from SIGMA®. Normalizing
area and the identification performed quantification of the
FA by comparison of corrected retention time between
standards and samples.

Cholesterol. The non-saponifiable lipids were
analyzed through the colorimetric method of Bohac et
al., (1988), according to whom this is an efficient
method which yields similar results to those achieved
through gaseous chromatography, with the advantage
of being less costly. The lipids were extracted and
analyzed through the technique described by Marmer
and Maxwell (1981). Three mL of extract taken from
each sample were evaporated under nitrogen. After
being dried, the samples were saponified through the
addition of 10 mL of a 12% potassium hydroxide
(KOH) solution in ethanol and subjected to an 80ºC
water bath with agitation for 15 min. They were then
promptly cooled through the addition of 5 ml of

Figure 1. Lingüiça processing components with carrageenan, whey protein modified cassava starch and oat meal used as fat replacers.

Table 1.- Lingüiça formulation components with carrageenan, whey protein modified cassava starch and oat
meal used as fat replacers. *FRs amount was used according to Supplier's recommendations.

Formulations  Ingredients  
  Test  1 Test 2 Test 3 Test 4 Test 5 
      
Pork loin (Kg) 2500 2500 2500 2500 2500 
Back Pork fat  (%) 20 - - - - 
Carrageenan gum* (%) - 20 - - - 
Whey protein*  (%) - - 12.5 - - 
Cassava modified starch* (%) - - - 2.0 - 
Oat meal* (%) - - - - 3.0 
Salt (%) 1.5 1.5 1.5 1.5 1.5 
Cure mixture (%) 1.0 1.0 1.0 1.0 1.0 
Red pepper in powder (%) 0.3 0.3 0.3 0.3 0.3 
Garlic (%) 0.3 0.3 0.3 0.3 0.3 
Anise (%) 0.1 0.1 0.1 0.1 0.1 
Antioxidant mixture NaNO3 (P-VII), NaNO2 (P-
VIII) and anti-moisture phosphate tricalcium  
(AU-III), added by (NaCl) in the proportion of 
1g/100g of formulation. 

1.0 1.0 1.0 1.0 1.0 
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distilled, demineralized water followed by double
extraction with 10 mL of hexane. Four mL aliquots of
the hexane were taken and dried under nitrogen (N2)
flow. Six mL of a saturated solution of ferrous sulfate
in glacial acetic acid were added, as well as 2 mL of
concentrated H2SO4. The samples treated were read with
a "Coleman-295" spectrophotometer at 490 nm. The
calibration curve was obtained based on 50, 100, 150,
and 200 mg solutions, subjecting the SIGMA® C-8253
standard cholesterol concentrations to the saponification
and color development stages. A 10 to 40 mg gradient
was achieved at the end of the process.

Sensory analysis. Thirty consumers were the
members of the untrained panel that had been selected
from students and staffs from the School of the Public
Health. The analysis was carried out through acceptance
tests (hedonic-rating) and preference tests. Each sample,
the Lingüiças was cooked in water for 5 min at 96º C.
After that the Lingüiça was fried in vegetable oil for
another 5 min. Panelists were seated in private booths
under fluorescent light. Five different Lingüiças (50 g
each), coded with numbers at random, were given to the
panelists. They were asked to rate their overall
acceptability, on a 9-point hedonic scale (9=liked
extremely, 8= liked very much, 7= liked moderately, 6=
liked slightly, 5=neither like or dislike, 4=dislike slightly,
3= dislike moderately, 2= dislike very much, 1= dislike
extremely) for each sample. Subsequently, they were asked
to express their preference for the treatments of the
experiment (Meilgaard et al., 1991).

Planning and data analysis
The study (in blocks, randomized) was conducted

4 times. Five samples were analyzed, each one in
duplicate, and the results were expressed as mean values,
which were separated by ANOVA (repetitive measures
analysis of variance), using software SPSS 9.0 for
Windows.

For sensory data, Tukey's test was used at a p<
0.05, of significance and the score 6 was used to accept
the treatment (O'Mahony, 1985).

RESULTS AND DISCUSSION

Composition and calories
Statistical analysis of treatment data could be

classified, in decreasing order for parameters studied, as
caloric value carrageenan gum (kappa), modified cassava
starch, oat meal flour, control and whey protein milk; total
lipids content carrageenan gum (kappa), modified cassava
starch, oat meal flour, whey protein milk and control.
(Table 2).

Huffmann et al. (1992) state that in the past,
sausage products contained a range of 35-50% in fat
content. Nowadays, health care professionals have stressed
the need to reduce animal fat intake. Therefore, it is now
difficult to justify the development of products containing
animal fat.

However, the solution the authors suggest is the
reduction of 20% or less of fat, without significantly
affecting sensory characteristics.

In relation to water content, there was a significant
difference at the level of 1%. In relation to the other
parameters, the treatment did not result in any significant
difference when compared with the control.

The influence of the modified formulation can also
be observed through protein and carbohydrate values,
which are higher when compared to those showed on
reference tables, as meat is now in a higher proportion
than fat.

Total fatty acid, fatty acid profile and cholesterol level
The results of all treatments concerning fatty acids

presented disparities, probably due to failures in
homogenizing the samples sent to the laboratory, and no
standardization of the meats used in the research. Fatty
acids values (%) are exposed on (Table 3).

Palmitic acid (16:0) was in higher proportion in
the regular Lingüiça than in the others, except for
treatments modified cassava starch and oat meal flour.
Which suggests that the absence of pork back fat was the
responsible for this difference, as it contains less palmitic
acid than the meat.

Stearic acid (18:0) was also in lower proportion in
the regular Lingüiça than in the others, probably due to

Table 2.- Proximate and Caloric Values of Lingüiças prepared with carrageenan, whey protein modified cassava starch and
oat meal used as fat replacers. 1, 2 and 4: NS - No Statistically Significative Difference;  3, 5 and 6: Averages followed by the
same superscript letters do not show statistical significant differences (p< 0.01).

Treatments Ash1  
(%) 

Carbohydrates 
By difference2 

Lipids3 
(%) 

Proteins4 

(%) 
Moisture5 

(%) 
Calories6 

Cal/ 100 g 
Control 2.83a+0.309 2.57a+0.756 13.44a+0.407 19.35a+1.090 61.79c+0.318 208.79a*+2.522 
Carrageenan 
gum 3.11a+0.491 3.63a+0.583 2.81b+0.093 18.37a+2.757 72.08a+3.742 113.29c+13.457 

Milk-whey 
protein  3.15a+0.304 3.26a+0.183 4.49b+0.390 20.55a+0.434 67.45b+2.048 135.90b+4.035 

Cassava 
modified starch 3.01a+0.105 4.31a+0.751 3.17c+0.374 18.04a+1.292 71.47ab+0.915 117.90c+4.561 

Oat meal flour 3.10a+0.061 4.32a+0.945 4.10c+0.031 18.06a+2.155 70.42ab+1.489 123.45c+2.147 
 

ALTAGA ©2003                                                                           Rocco et al.: Evaluation of fat replacers in Lingüiça ...
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differences in the meats fat content, although fat quantity
in both meats is similar.

Elaidic acid (18:1 trans-9) was also in lower
proportion in the regular Lingüiça, because the quantity
of this fatty acid is higher in the meat. The linoelaidic
acid (18:0 trans-9,12) content varied. It was higher in
treatment 2 (carrageenan gum) compared with regular
Lingüiça, and represented the lowest level in treatment 3
(milk-whey protein).

The regular Lingüiça had the less satisfactory
performance concerning total fatty acids in comparison
with the other treatments. The total fatty acid content was
slightly higher than the others were, which was already
expected, as regular Lingüiça is richer in fat.

The meat basis of the study was pork loin, which
was chosen for containing low fat and cholesterol, when
compared to other pork slabs (Bragagnolo, 1997). This
directly influenced the results, as fat and cholesterol
content was lower than those on reference tables were.

It is important to point out that the other Lingüiças
presented cholesterol values similar to those observed by
Bragagnolo (1997) for pork loin, leading to the conclusion
that the addition of fat is a factor that increases cholesterol
in the final product. Table 4 shows the results obtained
from the analysis of cholesterol in Lingüiças.

Reduction of fat and cholesterol content in the
products

Among the treatments analyzed, treatment 2
(carrageenan gum) presented the best results for total fat,
calories and total fatty acids, with difference at the level
of 1% from treatment 1 (control), except for total fatty
acids, that presented a difference at the level of 5%. The

reduction of the parameters above described was 79, 46
and 53%, respectively. Treatment 2 (carrageenan gum)
showed a reduction of 28% in cholesterol. This value is
slightly inferior than that obtained by the best treatment
in this parameter, although it represents the best
performance among all the 5 treatments.

The carrageenan gum employed in the process was
the "Kappa" type, whose functional properties are similar
to those of animal fat, besides its high capacity of
moisturizing and forming firm and thermorreversible gel.
These characteristics are perfect for elaborating ground
meat products (ADICON, 1997).

The results obtained are in accordance with Barbut
& Mittal (1992), who observed the effects of "Kappa"
carrageenan, "Iota" carrageenan and "Xanthine"
carrageenan in low-fat pork sausages compared with
regular sausages. The carrageenan gums were added at
the proportion of 0.5%. The authors concluded that
"Xanthine" gum did not have satisfactory results in sensory
and acceptability aspects. "Kappa" carrageenan was the
most promising gum.

The results of treatment 3 (milk-whey protein)
concerning total fat, calories and cholesterol presented a
difference at the level of 1% From treatment 1 (control),
and the total fatty acids presented a difference at the level
of 5%. The reduction the parameters above described was
76, 43, 29 and 3%, respectively. Treatment 3 (milk-whey
protein) had the less satisfactory performance, especially
in decreasing fatty acids content. Treatment 3 did not
present any significance difference at the level of 1% from
treatment 1 (control).

Other whey proteins have already been used as a
FRs, according to Kummer and Raeuber (1977). They

Tabla 3.- Fatty acids profile (mg/ 100 g) of Lingüiças prepared with carrageenan, whey protein, cassava modified
starch and oat meal used as fat replacers. 1 - NS - No Statistically Significative Difference; 2 and 3 - Averages
followed by the same superscript letters do not show statistical significant differences (p< 0.05). 4 - Averages
followed by the same superscript letters do not show statistical significant differences (p< 0.01). C16:0 (palmitic
acid); C18:0 (stearic acid); C18:1w9 (elaidic acid); C18:2w6 (linoelaidic acid).

Tabla 4.- Average cholesterol (mg/ 100 g) of Lingüiças prepared with carrageenan, whey protein, cassava modified starch and
oat meal used as fat replacers. *Averages followed by the same superscript letters, in the same column, do not show statistical
significant differences (p < 0.01).

Fatty acids profile in the treatments  
Treatments 16:01 18: 02 18:1ω93 18:2ω64 

Control 164.06a+54.996 83.16ab+39.112 121.89a+43.185 187.05a+47.642 
Carrageenan gum 97.63a+22.118 0 54.94a+15.592 91.46c+18.988 
Milk-whey protein  143.31a+16.914 94.98ab+36.930 68.00a+5.368 103.06bc+32.698 

Cassava modified starch 172.86a+32.012 96.24a+14.145 111.04a+39.970 162.03bc+33.322 
Oat meal flour 165.91a+56.348 87.01a+35.500 94.12a+36.668 128.23abc+7.245 

 

Treatments 
Lots 

Control Carrageenan gum Milk-whey protein  Cassava modified starch Oat meal flour 

1 60.95 39.23 39.72 35.30 36.38 
2 62.50 44.89 49.06 45.77 49.06 
3 60.91 45.57 47.77 41.13 40.29 
4 57.39 43.26 47.65 48.28 50.82 
Average 60.44a*+2.162 43.24b+2.842 46.05b+4.268 42.62b+5.708 44.14b+6.925 
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mention the application of a mixture of texturized whey
proteins and bovine plasma as a FR in sausages, obtaining
better sensory results. Thus, this promising FR can be used
together with others FRs, such as carrageenan gum itself
(McAuley and Mawson, 1994).

Further protein types are widely used in meat
processing, such as soy protein. However, it is mainly used
as fat-extender and emulsifying agent, with the purpose
of dropping manufactured products price.

The results of treatment 4 (cassava modified starch)
concerning total fat, calories and cholesterol showed a
difference at the level of 1% from control. The total fatty
acids showed a difference at the level of 5%. The reduction
of the parameters above described was 66, 35, 24 and
28%, respectively.

Cassava modified starch was used in this process
and its results were less promising than those of treatments
2 (carrageenan gum) and 3 (milk-whey protein). However,
a significant reduction in total fat, calories and cholesterol
in relation with treatment 1 (control) was observed, which
allows its utilization in Lingüiças, together with other FRs,
improving physical and sensory characteristics.

In hamburger manufacturing, starch is commonly
used as a texture improver. The technology applied in the
manufacture of Lingüiça is similar to that of hamburger.
Therefore, the utilization of cassava modified starch in
Lingüiça processing is perfectly viable.

The results of treatment 5 (oat meal) concerning
total fat, calories and cholesterol presented a difference
at the level of 1% from treatment 1 (control), and the total

fatty acids presented a difference at the level of 5%. The
reduction of the parameters above described was 69, 41,
27 and 15%, respectively.

An important property of oat meal is its power in
reducing blood cholesterol. They are often used in bakery,
but they are not commonly used in the manufacture of
meat products, despite showing satisfactory results.
Meinhold (1991) describes the elaboration of a sausage
with 66 to 75% less fat, replacing fat by oat meal at the
proportion of 5%. The sensory results were very
satisfactory, and the final product presented 20% less
cholesterol and 48% less calories.

Sensory analysis
Considering score 6 ("I slightly liked it") as an

acceptance indicative, the samples presented the following
results (score 6 to 9): 1, 2, 5 - 64%; 3 - 56%; 4 - 36%.
These data reveals that number 4 were the less accepted
sample. It can be observed, by analyzing the figure 2, that
this sample was rejected by 12% of the panelists.

Treatment 3 (whey protein) presented varied results
and limit acceptance. Among the three best-accepted
samples, treatment 5 (oat meal flour) was rejected by only
4% of the panelists. The comments most frequently
observed in the forms were: "too fatty" for treatment 1
(control); "the most palatable" for Treatment 2
(carrageenan gum (kappa)); "the best flavor" for treatment
3 (whey protein); "not Lingüiça typical flavor" for
treatment 4 (cassava modified starch); "too much
seasoning" for treatment 5 (oat meal flour). All panelists
manifested that its texture was more crumble than that of
the regular Lingüiça available in the market.

The highest average was achieved by treatment 2
(carrageenan gum), which is statistically different only
from treatment 4 (cassava modified starch) (p<0.05),
although this value does not differ from the others, as
showed on Table 5.

Treatment 2 (carrageenan gum (kappa)) was the
best-accepted sample by the panelists, who rated it 7 ("I
liked it moderately") and 8 ("I liked it very much").
Treatment 4 (cassava modified starch) was the most
rejected, being rated 4 ("I slightly disliked it"). It was
considered rejected by the panelists and statistically
different from the others.

Economic evaluation
The Lingüiças analyzed were slightly more

expensive than regular Lingüiça, which means that its
production is perfectly viable, considering the popularity
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Tabla 5.- Averages, acceptance percentages and Tukey test of the of the Lingüiças analyzed. 1,
Back Pork fat; 2, Carrageenan gum; 3, Whey protein; 4, Cassava modified starch; 5, Oat meal.
*NS- no statistically significative difference. **Sig.- statistically significative difference.

Figure 2. Acceptance rate (%) of the Lingüiças, according to
hedonic scale.

Treatments Average % acceptance Tukey (p.< 0.05) 
Control 5.68 64 1,2,3,4,5 – ns* 
Carrageenan gum 6.20 64 2,3,5–ns e 2e 4–sig** 
Milk-whey protein  5.56 56 1,2,3,4,5 – ns 
Cassava modified starch 4.68 36 1,3,4,5ns e 2 e 4 sig. 
Oat meal flour 5.88 64 1,2,3,4,5 ns 
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of this product and how the new formulas could be
advantageous to the consumer, the data are presented in
Table 6.

Lingüiças containing FRs are considered "foods
with special purpose", and are classified as "low fat" and
"low cholesterol". The Lingüiça prepared with
carrageenan gum contained less fat and was the most
economic and cost-effective.

CONCLUSIONS

The results show that the best treatment was
carrageenan gum (treatment 2). It presented the best
performance in most of the parameters evaluated, so it
can be recommended as a good method of preparing fresh
low fat linguiças.

It is important to point out that the other treatments
presented very good results, especially in sensory
attributes. The acceptance in general was very satisfactory,
but it can still be improved. In the same way, cost and
profit can still became more adequate, which means that
there is much more to be studied.
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Tabla 6.- Yield (%) and price of the Lingüiças.

Treatments Yield  (%) price (US Dollars/Kg) 
Control 20 4.48 
Carrageenan gum 15 4.34 
Milk-whey protein  12 9.07 
Cassava modified 
starch 11 5.03 

Oat meal flour 8 5.35 
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