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Abstract

The current research in meat products has been aimed to obtain healthier proposals because of the change in the lifestyle
and routine of the population. This new point of view has also changed the industry perspective: they are focusing on
reformulation to obtain a portfolio of meat products with a healthier appeal. The process of redefining a traditional formulation
can negatively affect the acceptance of the meat product (i.e., taste and appearance). However, researchers reported positive
effects in this strategy of reformulations (i.e., added value increase, healthiness, and nutritional enrichment of the product).
Sodium reduction, saturated fat reduction, chemical additives reduction, dietary fiber addition, addition of vegetable oils,
and probiotic addition are examples of already tested and documented reformulation strategies of fermented meat products.
The application of one strategy in a traditional product is a challenge. However, the simultaneous use of two or more strategies
is more complex. Thus, the aim of this review was to explain the technological and sensorial benefits and challenges of the

application of dietary fibers in meat products submitted to two or more reformulation strategies.
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Practical Application: Challenges and technological and sensorial benefits of the incorporation of dietary fibers to fat and salt

reduction strategies in fermented meat products.

1. Introduction

The researchers and professionals of fermented meat prod-
ucts are investing in reformations or addition of functional
products in the traditional formulations, in order to fulfill the
consumers needs for healthier food (Alshahrani et al., 2019;
Sirini et al., 2022; Teixeira, & Rodrigues, 2021). Some epidemio-
logical studies have associated meat products with the prevalence
of a wide range of chronic non-communicable diseases (NCDs)
such as high blood pressure, due to the high content of fat, sodi-
um chloride, sodium nitrite, and other additives (Aburto et al.,
2013; Bonnet et al., 2020; IARC, 2015; Virtanen et al., 2019).

Traditional ingredients, such as saturated fat and sodium
chloride, have the function of improving the sensory accep-
tance, shelf life, and physicochemical properties of fermented
meat products (Barretto et al., 2015; Bis-Souza et al., 2019a;
Dos Santos et al., 2021; Zeuthen, 2015). A minimal reduction
in the levels of those ingredients in the traditional formulations
can imply significant changes in the fermented meat product
(Aburto et al., 2013; Zheng et al., 2019).

The study of the viability to reduced fat and salt simulta-
neously in fermented meat products is still less explored by the

academic area (De Sousa et al., 2020). The investigation of the
partial reduction of fat (29%) in Spanish Salchichén with a 2%
incorporation of fructooligosaccharide showed improvements
in the texture profile, instrumental color, and sensory attributes
such as flavor, color, and appearance (Bis-Souza et al., 2020).
The addition of five different types of fibers (i.e., apple, peach,
orange, wheat, and oat fiber) at 1.5% and 3% concentrations in
fermented meat products with a reduction of 40% of fat obtained
a good sensory acceptance (Garcia et al., 2002).

The effect of reduced fat and salt was investigated in beef
hamburgers with the addition of dietary fiber and potassium
chloride (KCl). Treatments reduced by 50% of fat and sodi-
um obtained good sensory acceptance. For the technologi-
cal analyses, there was no difference in the control treatment.
Thus, fermented meat products can be reformulated by the
reduction of fat and sodium chloride (NaCl) simultaneously, can
be developed, and can maintain acceptance and technological
performance. However, their effects still need to be studied
further (De Sousa et al., 2020). According to Dos Santos et al.
(2021), in a fermented meat product with 25% reduced fat-re-
duced salt, the addition of fibers increased the count of lactic
acid bacteria (LAB), improved the texture profile, promoted an
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Reformulation of fermented meat products

antioxidant characteristic, and did not affect the acceptance of
the final product.

In light of this, the aim of this review was to reveal the
benefits of dietary fiber in improving technological and senso-
ry properties in reduced fat-reduced sodium fermented meat
product reformulation.

2. Reformulation strategies
of fermented meat products

The term fermented meat product includes a wide variety
of products such as Italian salami, German type, Milano type,
and Hamburg type. Each type of salami has different sensory
characteristics that are the result of its production methods,
raw material, and caliber of stuffing (Leroy & De Vuyst, 2016).

Fermentation occurs by adding a starter culture, which
contains lactic acid-producing microorganisms responsible
for the reduction in pH. This process contemplates complex
chemical and biochemical reactions, and it also helps to inhibit
microbial growth (Aspri & Tsaltas, 2021). The starter culture
composed of Staphylococcus xylosus (Micrococcus group) and
Pediococcus pentosaceus is incorporated into the formulation
of salami to improve the flavor and color and to reduce the
sodium nitrate to sodium nitrite which increases the shelf life
(Zeuthen, 2015).

Microorganisms present in the starter culture, fermentation
of sugars and consumption of muscle tissue glycogen reserve, re-
duction in pH, and reduction of nitrate to sodium nitrite (Garcia
et al,, 2002) during the fermentation process. After, the LABs
reduce the fermentation of sugars and intensify the metabolic
reactions that promote proteolysis and lipolysis, producing a
characteristic aroma (Zeuthen, 2015).

The alteration in the sodium chloride, fat, or sodium nitrite
content or some simple modification on the traditional formula-
tion may affect the sensory and physicochemical characteristics
of the final product (Ozaki et al., 2020). However, the need to
develop meat products with improved and healthier composi-
tions has stimulated researchers to conduct research about low
sodium, low fat, probiotic addition, prebiotic addition, dietary
fiber addition, and sodium nitrite reduction (Manassi et al.,
2022; Morais et al., 2022).

Replacing saturated fats with prebiotics fiber addition is one
of the most promising trends in meat product research (Manassi
et al., 2022). So, this reformulated strategy in fermented meat
products is well documented (Bis-Souza et al., 2019a; Camara
etal., 2021; Dos Santos et al., 2021; Felisberto et al., 2015; Pagla-
rini et al., 2019; Pintado et al., 2015).

By definition, prebiotics do not necessarily have to be a car-
bohydrate or act only in the intestinal microbiota, and prebiotic
ingredients are food components that are not digestible by the
gastrointestinal tract and that beneficially affect the host by
selectively stimulating the proliferation or activity of desirable
bacterial populations in the colon (Gibson et al. 2017). Howev-
er, the most known have these characteristics. Other molecules
such as polyphenols, polyunsaturated fatty acids (PUFA), and
conjugated linoleic acid (CLA) can also act as prebiotics (Gibson

etal., 2017). Some common prebiotics are lactulose, galactool-
igosaccharides (GOS), fructooligosaccharides (FOS), xyloo-
ligosaccharides (XOS), and inulin (Granato et al., 2020), and
resistant starches, mucilage, pectin, polydextrose, cyclodextrin,
B-glucan, wheat fiber, bamboo fiber, chia mucilage (Barros et al.,
2020), and microcrystalline cellulose (MCC) (Nsor-Atindana
etal,, 2017) have been tested as innovation functional ingredient
in meat product reformulation.

3. Sodium reduction strategy

Sodium chloride (NaCl) is an essential multi-functional
ingredient in meat products. Its main effects promoted in meat
products are shown in Figure 1. It is responsible for the myo-
fibrillar protein solubilization, enhancing water binding and
water retention capacity (thus resulting in the formation of a
desirable gel texture), decreasing water activity (thus controlling
the growth of pathogen microorganisms), promoting charac-
teristic sensory attributes, and finally controlling biochemical
and enzymatic reactions during ripening (Sirini et al., 2022).
Consequently, partial or total replacement of sodium chloride
is challenging and can cause sensory, technological, and micro-
biological stability changes.

In another healthier way, excessive sodium consumption
can be related to different chronic NCDs. The World Health
Organization (WHO) recommends the consumption of less than
5 g of salt per day for adults. Studies report that in high-income
countries, it is estimated that 70% of the sodium consumed
comes from industrialized products (Kloss etal., 2015; Yin et al.,
2021). So, there is a research line for ingredients to substitute
sodium chloride in meat products that may confer similar char-
acteristics to the traditional formulation. Some other chlorides
have been incorporated into meat products, such as calcium
chloride (CaCl,), magnesium chloride (MgCl,), and potassium
chloride (KCl) with partial substitution of sodium chloride
(Barretto et al., 2020; Delgado-Pando et al., 2019; Horita et al.,
2011; Kim et al., 2018).

It has been reported that the addition of calcium chloride
in reformulated meat product formulations may have less effect
on microbial inhibition and reduced water-holding capacity
(Lorenzo et al., 2015), which can compromise the final quality

Figure 1. Main effects of sodium chloride promoted in meat products.
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of meat products. On the contrary, potassium chloride is simi-
lar to sodium chloride in terms of ionic strength and presence
of monovalent cations and anions (Figure 2), as it provides a
better interaction and solubilization of the myofibrillar proteins
of meat, aiding its protein-water binding, in addition to the
positive aspects of microbiological inhibition and perception
of salting but, replacing more than 40% sodium chloride, it
can have a bitter taste and a metallic taste in fermented meat
products (Desmond, 2006).

Potassium chloride is the most commonly used salt for
sodium chloride reduction in low-sodium reformulated meat
products (Barretto et al., 2020; Chen et al., 2019; Cittadini et al.,
2019; De Sousa et al., 2020; Wilailux et al., 2020; Zhang et al.,
2020). In a study that investigated the 50% reduction of sodi-
um chloride by mixtures of potassium chloride and potassium
lactate in salami, the proportion of 40% potassium chloride and
10% potassium lactate did not change the overall acceptability
of salami (Guardia et al., 2008).

In a study that investigated the replacement of pork fat
with sunflower oil and the reduction of NaCl (35%) by po-
tassium chloride and potassium lactate, the treatments with
greater fat reduction (40%) increased the sensory perception
of the bitter taste from the potassium chloride (Mora-Gallego
et al., 2014), concluding that the level of fat can contribute to
a bitter taste when KCl is used. By reducing sodium chloride
by 16% (2.26% NaCl) in fermented meat sausage, the sensory
acceptance of the product was reduced in terms of aroma,
flavor, juiciness, and overall quality. However, the treatment
with the incorporation of 16% of potassium chloride (0.43%
KCl) in the partial reduction of sodium chloride (2.26% NaCl)
showed no significant difference compared to the control
treatment (2.7% NaCl). This conclusion means that the partial
reduction of 16% of sodium chloride by the incorporation
of potassium chloride in fermented meat sausage is possible
(Corral et al., 2013).

A study of dry fermented sausage with 50% reduction in
NaCl addition found overall higher acceptability in the low
sodium formulation. Therefore, the authors concluded that
2.0% NaCl can be employed as the right level of addition in dry
fermented sausage by achieving better quality and flavor with
no effects on physicochemical and sensory properties (Hu et al.,
2020). Innovative methods based on consumer perception are
needed to contribute to a study looking at total or partial sodium
reduction in meat product formulations (Vidal et al., 2020).

Figure 2. Chemical and sensorial characteristics of the sodium chlo-
ride and potassium chloride promoted in fermented meat products.
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4. Fat reduction strategy

Fat is a main component in the production of meat prod-
ucts due to its importance in the sensory and microbial quality.
Saturated fat is rich in saturated fatty acids when compared to
vegetable oils and its excessive consumption can harm human
health (Barbut, 2011). The use of dietary fiber as a fat substitute
in the reformulation of fermented meat products has been an
alternative to make them healthier (Banerjee et al., 2020; Bis-Sou-
za et al., 2018; Bis-Souza et al., 2019b). Other ingredients have
been investigated for fat reduction and health promotion in meat
products such as the use of microencapsulated fish oil (Afshari
etal., 2017) and vegetable oils (Afshari et al., 2017; Dzudie et al.,
2004; Moghtadaei et al., 2018; Mora-Gallego et al., 2014); some
types of polysaccharides (Abbasi et al., 2019; Peng & Yao, 2017;
Ramirez et al., 2002) are also extensively studied for the incor-
poration and evaluation of these ingredients in meat products.

5. Dietary fibers as an ingredient in
reformulated fermented meat products

Dietary fibers have shown good technological and sensory
effects as a substitute for saturated fat in meat products. Table 1
presents studies with reduced fat-reduced salt in meat products.
Dietary fibers are considered functional ingredients because
they can provide some benefits to human health (Jiang et al,,
2022; Li & Nie, 2016), such as protection of the intestinal micro-
flora, reducing the risk of developing diabetes mellitus and colon
cancers, and reducing gastrointestinal inflammation (Delzenne
etal.,2020; Lietal,2021; Reynolds et al., 2019). In addition, the
same dietary fibers can be used as an ingredient reformulated in
fat and/or reduce sodium meat products. Some reports show the
improvement in the properties of the reformulated meat product
added with dietary fibers such as water retention capacity, gel
formation, viscosity promotion, fiber-fat binding, texture im-
provement, and fermentation capacity (Ciudad-Mulero et al.,
2019; Kaur & Sharma, 2019; Oliveira et al., 2022).

Dietary fibers are composed of polymers with three or
more monomeric units that are not hydrolyzed by endogenous
enzymes from the human gastrointestinal tract, i.e., they are
resistant to hydrolysis by enzymes from the gastrointestinal
tract (Codex Alimentarius, 2008, 2009). They are derived from
plants, consisting of polysaccharides, oligosaccharides, lignin,
and associated plant substances (AACC, 2001). They are edible
carbohydrate polymers that can be present in foods in their
natural form or obtained from vegetable and/or synthetic raw
materials that are subjected to an extraction process by physi-
cal, chemical, and/or enzymatic methods. They can also be of
animal origin, such as chitosan, a constituent of the exoskeleton
of crustaceans (Ciudad-Mulero et al., 2019).

Among the different constitutions of dietary fiber compo-
nents are resistant oligosaccharides, resistant starch, lignin as-
sociated with polysaccharides, cellulose, hemicellulose, pectins,
oat fiber, wheat fiber, and hydrocolloids such as FOS, GOS, and
MCC (Dai & Chau, 2017; EFSA, 2011).

Dietary fiber can be classified as water-soluble dietary fiber
and water-insoluble dietary fiber (Li et al., 2020). Insoluble fibers
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Table 1. Different dietary fibers incorporated into meat products.

Origin Dietary fibers Meat products Technologic effect in meat products References
maranth and quinoa seeds D270 ecreased the moisture, increased the fat content erma et al.
A h and qui d 1-2% Goat meat nuggets b dth : ' d the f Vi .
flours 3% &8 and improved the sensorial acceptance. (2019)
2.5% i ili 3
Bamboo fiber 0 Bologna mortadella Improved the emulsion stability, reéuced the fat Magalhdes et al.
59 content and demonstrate good sensorial acceptance. (2020)
2% Increased the content of dietary fiber, improved
. the performance of weight loss for cooking, besides Zaini et al.
0,
Banana peel powder 4% Chicken sausage increased in the water capacity retention, delay the (2020)
6% lipid oxidation, and decreased the fat.
. -_- The increased of dietary fiber improved the , .
Black quinoa wet-milling . s Sy Fernédndez-Lopez
3% Bologna mortadella emulsion stability, decreased lipid oxidation and
coproducts .. et al. (2020)
water activity.
0% he . dl1 d
Decreased the fat content and lipid oxidation, Zhaon et al.
0
Cellulose fiber 0.8% Frankfurt sausage increased the emulsion and viscosity of meat mass. (2018)
1.2%
0,
5% Elevate the polyunsaturated fatty acids (Omega
. 10% . - 3 o~ linolenic fatty acid) content, decreased Barros et al.
Chia flour 15% Chicken nuggets moisture content and water activity, besides (2018)
20% monounsaturated fatty acid.
2% o
Chia seeds 4% Chicken burger Increased the fat cor'lten't and decreased lipid Paula et al.
oxidation. (2019)
8%
5% Reduced hardness and cohesiveness, improved
. . the water capacity retention and the weight Arifin et al.
0,
Chia seeds powder 10% Chicken sausage loss for cooking, and increased the ash, besides (2021)
15% demonstrate a good sensorial acceptance.
. 1.5% Rfec.luced the fat content, improved emulsm.n Carvalho et al.
Chitosan Y Cooked sausage stability and parameters of texture profile besides (2020)
3% demonstrate antioxidant effect.
2% - —_
Enoki mushroom (Flammulina o Improved .the emulsion stabthy, dletarY fiber, Banerjee et al.
velutipes) stem wastes 4% Goat meat nuggets ash, phenolic level, water capacity retention and (2020)
6% decreased lipid oxidation.
3%
6% Increase the level dietary fiber, reduced the fat Zaini et al
Green pea powder ) Chicken nuggets content, and improved the texture profile and the (2021) g
2% nutrition properties
12%
Inulin, fructooligosaccharides 29 Italian tvpe Salami Improved the sensorial evaluate, the texture profile, Bis-Souza et al.
and o-cyclodextrin ? typ and the redness. (2019b)
0.5%
e h 1
A . Improved the water capacity retention, emulsion Zhao et al.
0,
Kiwi dietary fiber insoluble 3% Pork meatballs stability, and decreased fat content. (2021)
5%
7%
Lotus rhizome powder 1% Reduced the fat content and improved the
(Nelumbo nuc ifgm) 2% Frankfurt sausage emulsion stability, the apparent viscosity, and the Ham et al. (2021)
9 lipid oxidation.
3%
Microcrystalline cellulose, Reduced fat - reduced Decreatsed Water aCt.l Vlt.y’ increased the population Dos Santos et al.
. 2% ) of lactic acid bacteria, improved the hardness and
resistant starch and oat fiber salt in fermented sausage . . - (2021)
chewiness besides antioxidant effect.
Reduced the fat content and improved water Polizer-Rocha
0,
Pea fiber 1% Beef burger capacity retention. et al. (2020)
. 10% . Reduced the fat content and increased the dietary ~ Carvalho et al.
Spinach fiber 30% Chicken burger fiber content. (2019)
2% Increased the levels of protein, minerals Grasso et al
Sunflower seed by-product ) Frankfurt sausage (potassium, magnesium, copper, and manganese), (2020) :
4% and decreased the fat content.
Continue...
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Table 1. Continuation.

Origin Dietary fibers Meat products Technologic effect in meat products References
3% . . .
Wheat bran and carrot dry . The incorporation the dietary fiber red.uced the fat Yadav et al.
6% Chicken sausage content, cholesterol performance cooking loss, and
bagasse . . . (2018)
9% increased the emulsion stability.
1.6%
31% Decreased fat content, besides caloric values and Carvalho et al
Wheat fiber Beef burger diameter after the cooking, and increased fiber '
4.7% content also (2018)
6.3%

are MCC fiber, oat fiber (insoluble part), wheat fiber, cellulose,
and hemicellulose (Ciudad-Mulero et al., 2019; EFSA, 2011)
which have beneficial health characteristics, such as an increase
in fecal volume, a reduction in constipation of blood choles-
terol, and the development of type 2 diabetes and some types
of cancers such as colon cancer (Li et al., 2020; Schulze et al.,
2007), in addition to technological functionality such as water
retention capacity (Bis-Souza et al., 2018).

Among the soluble dietary fibers are resistant starch, FOS,
and inulin known for their hydrocolloid aspects and pectins,
gums, B-glucans, soy, and carboxymethylcellulose responsible
for increasing viscosity, gel formation, and increased binding
affinity with water (Ciudad-Mulero et al., 2019; Delzenne et al.,
2020; EFSA, 2011; Momchilova et al., 2021). Furthermore, they
can be fermented by bacteria present in the gastrointestinal tract,
configuring prebiotic aspects and producing short-chain fatty
acids that are considered metabolic by-products (Wilailux et al.,
2020). Other beneficial aspects include reducing inflammation,
heart disease, and obesity (Kim et al., 2014; Roberfroid, 2005).

International agencies such as the Food and Drug Associa-
tion (FDA) and the WHO recommend a daily intake of dietary
fiber between 20 and 35 g (WHO, 2003). However, consump-
tion by the Brazilian population is deficient (Nsor-Atindana
et al., 2019) and meat products with added dietary fiber may
be an alternative to increase daily fiber consumption (Ochola
& Masibo, 2014).

The addition of up to 5% of three different dietary fibers
(i.e., inulin, wheat fiber, and oat fiber) to low-fat mortadella
formulations (25%) improved the texture profile, with a signif-
icant increase in hardness and cohesiveness and good sensory
(Barretto et al., 2015). Another study with partial reduction in
fat content (50%) by a maximum addition of 4% resistant starch
in frankfurter formulations (Garcia-Santos et al., 2019) showed
no difference in the sensory acceptance, texture profile, and
protein content of the final product. In bovine hamburger for-
mulations with a maximum replacement of 45% of fat by wheat
fiber (% fiber), a study showed that treatments with the addition
of 3.75 g of fiber per serving had good sensory acceptance and
satiety similar to the control (Table 1) (Ramirez et al., 2002).

Several studies have investigated the incorporation of
dietary fibers such as inulin, fructooligosaccharide, resistant
starch, oat fiber, bamboo fiber, wheat, pineapple, carboxymethyl
cellulose (CMC), and MCC in a wide range of meat products,
providing improvements in the nutritional characteristics of
the product due to the increase in the amount of dietary fiber

Food Sci. Technol, Campinas, 43, e108322, 2023

and reduced caloric content (Barretto et al., 2015; Bis-Souza
et al., 2018; Henning et al., 2016; Nsor-Atindana et al., 2017;
Pérez-Burillo et al., 2019; Zhao et al., 2011).

The effect of adding three dietary fibers (inulin, fructool-
igosaccharide, and o-cyclodextrin) to Italian salami with re-
duced fat on the technological and sensory parameters using
the mixture design was investigated. The results showed that an
improvement in the parameters of texture, color, and sensory
acceptance with the addition of up to 2% inulin and/or fruc-
tooligosaccharide was observed (Table 1) (Zaini et al., 2021).
The addition of up to 2% citrus fiber, inulin, and acacia fiber
to salami demonstrated in vitro improvements in the antiox-
idant capacity and in the amount of short-chain fatty acids.
This reformulation also promoted a different microbiota in the
human gastrointestinal tract, enhancing not only the benefits
of the addition of dietary fiber in nutritional enrichment but
also the physiological characteristics beneficial to human health
(Pérez-Burillo et al., 2019).

Paglarini et al. (2020) evaluated dynamic sensory tech-
niques to determine the flavor factors in six formulations of
bologna sausages with chicken meat and reduced fat and sodi-
um (50% w/w) with added inulin. The descriptive techniques
such as temporal dominance of sensations (TDS) consisted of
the raters’ indication of the sensorially dominant attribute and
Temporal Verification of Application (TCATA), where the raters
receive a list of terms before the evaluation of the product. In this
study, it was possible to observe that saltiness was an attribute
significantly affected after chewing; however, it was not the most
mentioned in TCATA. The texture attribute was the first to be
described by the evaluators and was one of the dominant attri-
butes. In addition, the treatments with reduced salt (50%) and
gel emulsion (50% reduction in fat content) were less accepted
than the control, which shows that the TDS and TCATA tests
are tools that help in the development of reformulated meat
products with reduced fat and sodium content.

The incorporation of dietary fiber in meat products aims,
besides nutritional enrichment and improvement in sensory
properties and physicochemical parameters, to aid in oxidative
stability and water retention capacity (Das et al., 2020; Kaur &
Sharma, 2019), as well as to promote antimicrobial and anti-in-
flammatory activities (Saura-Calixto, 1988).

Studies about the reduction of fat and salt in the same meat
product have been carried out through the addition of dietary
fibers because of the symbiotic effect in the physicochemical,
microbiological, and sensory properties (Aburto et al., 2013;
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Alshahrani et al., 2019; Dos Santos et al., 2021; Lorenzo et al.,
2015). For example, De Souza Paglarini et al. (2021) investi-
gated the addition of inulin-based emulsion gels as a fat sub-
stitute in salt-reduced bologna sausage. The results reported
an improvement in the profile of unsaturated fatty acids and a
lower content of saturated fatty acids in relation to pork back
fat. The results also showed improved cooking properties and
contributed to the stability of lipid oxidation. In a study using
bamboo fiber in a reduced salt and phosphate-free bologna
sausage, the results show good sensorial acceptability and
improvement in the intensity of redness (a*) and yellow (b*).
However, the texture profile was impacted by the reduction
of water content in treatments with the addition of bamboo
fiber (Magalhaes et al., 2020).

There are few studies aimed at reducing the sodium and fat
content, so it is necessary to promote the application of these
strategies combined with the development of healthier meat
products such as fermented meat products.

Oat fiber, resistant starch, and MCC have been investigated
in the reformulation of meat products showing positive results
on technological and sensory evaluations (Table 1). So, it can
represent an important ingredient for the meat industry (Barret-
to etal.,, 2015; Dos Santos et al., 2021; Garcia-Santos et al., 2019).

The use of oat fiber (3 and 6%) in mixed low-fat and low-so-
dium cooked and frozen burgers reported an increased yield,
decreased weight loss during microwave heating, and improved
color stability during storage. The authors emphasize that oat
fiber can be considered a promising ingredient to aid in the
formulation of meat products with reduced salt and fat (Trev-
isan et al., 2016).

6. Promising ingredients in the reformulation of
reduced fat-reduced sodium fermented sausage

Figure 3 shows a draft for the reformulation of Salami with
reduced fat-reduced salt (25%) with the addition of oat fiber,
resistant starch, and MCC. The results showed an antioxidant
characteristic, improved texture profile such as hardness, chew-
iness, and thickness, decreased water activity, and increased
viscosity and gel structure, and furthermore promoted inter-
action between fiber and fat using the simplex-centroid design
(Table 1) (Dos Santos et al., 2021).

Figure 3. Fermented sausage reformulated with added dietary fibers
reduced fat-reduced salt.

Resistant starch is an o-D-glucan polysaccharide arranged
in linear chains, essentially derived from a retrograde amylose
fraction. It has a relatively low molecular weight (1.2x10° Da)
(Moghtadaei et al., 2018), commonly obtained from rice, po-
tatoes, cassava, corn, and wheat. Among the main components
of starch are amylose and amylopectin, and the amounts are
different for each variation of starch. They are classified into
five different groups, considering their resistance to enzymatic
digestion, group 1, encapsulated and physically inaccessible
starch; group 2, resistant granules; group 3, retrograde amylose;
group 4, chemically modified starch; and group 5, amylose-lipid
complexes (Ciudad-Mulero et al., 2019). In this way, resistant
starch corresponds to a portion of starch that is not hydrolyzed
by endogenous enzymes of the human gastrointestinal tract and,
consequently, is not absorbed by the small intestine, being made
avaijlable in the colon as an energy substrate for bacteria in the
microflora to develop and ferment, producing short-chain fatty
acids that act as a prebiotic agent (Champ, 2004; Ciudad-Mulero
etal., 2019).

The study on the addition of 4% of resistant starch in frank-
furters low fat (50% reduction) showed that prebiotic fiber
positively influenced the texture profile and sensory acceptance,
proving to be a promising ingredient (Garcia-Santos et al., 2019).

A study of a sausage formulation with the addition of the
three dietary fibers (i.e., B-glucan, resistant starch, and starch)
reported a better performance for the properties of cooking
yield and global acceptance, thus making the production of
sausages with the addition of prebiotic fibers viable (Sarteshnizi
etal., 2015).

MCC is a purified form of cellulose, a natural polysaccha-
ride most abundant in nature, consisting of two consecutive
glucose anhydride units called cellobiose, and its chain struc-
ture makes it insoluble in water. Its glycosidic 3 1-4 structure
is responsible for the non-digestive nature of the polymer,
bonds that allow the extension of the molecular chain giving
rise to tight linear arrangements between individual polymers
(Krawczyk et al., 2009).

The process of obtaining MCC occurs from extraction by
acid hydrolysis, where all the amorphous cellulose parts are
removed from the fiber. The hydrolyzed product consists of a
mass of crystalline cellulose, processed outside the degree of
polymerization, during the neutralization, washing, and filtering
phases, it is diluted in water, and at the end, the cellulose prod-
uct is dried using the spray-drying process, producing robust
particles (Krawczyk et al., 2009).

MCC is obtained as a crystalline and porous powder, white,
odorless, and free of impurities and characterized by its lower
degree of polymerization compared to its original raw material.
This hydrocolloid has technological characteristics, such as gel
formation capacity, volume increase, creamy mouthfeel, and
water retention capacity. The MCC is considered a prebiotic
(it is not hydrolyzed in the gastrointestinal tract). The total
insoluble fiber content is between 93 and 98 g per 100 g serving
(Nsor-Atindana et al., 2019).

The addition of CMC and MCC in meat sausages with
low-fat content demonstrated a reduction in firmness when
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2% CMC was added. However, the MCC addition improved
the protein gel formation, contributing to an increase in the
functional compounds in the gastrointestinal tract (Schuh et al.,
2013). In another study by Dos Santos et al. (2021), the addition
of up to 2% MCC in salami with reduced fat and salt content
helped to increase the LAB count (Figure 2) and antioxidant
activity and did not interfere with the sensory acceptance of
the final product.

7. Final considerations

Dietary fiber is considered a functional ingredient as it can
provide some benefits to human health, such as protection of
the intestinal microflora, reducing the risk of developing dia-
betes mellitus and colon cancers, and reducing gastrointestinal
inflammation. In addition, it can positively help reformulated
fermented meat products (low fat and low sodium) by improv-
ing technological properties such as water retention capacity,
gel formation, viscosity promotion, fiber-fat binding, texture
improvement, and fermentation capacity. The use of dietary
fiber in reduced fat-reduced sodium fermented meat products
represents a potential alternative to the possible technological
problems faced in a reformulation process. Furthermore, this
symbiotic addition can increase the healthier attractiveness of
this new fermented meat product formulation.

Acknowledgments

Jose M. Lorenzo and Andrea Carla da Silva-Barretto are
members of the Healthy Meat network and were funded by
CYTED (ref. 119RT0568).

Joao Marcos dos Santos and Elisa Rafaela Bonadio Bellucci
thank the National Council for the Improvement of Higher Ed-
ucation (CAPES - Coordenagdo de Aperfeicoamento de Pessoal
de Nivel Superior) for their financial support. Camila Vespticio
Bis-Souza (n°150738/2022-6) and Larissa Tatero Carvalho
(n°151473/2022-6) would like to thanks the CNPq (Conselho
Nacional de Desenvolvimento Cientifico e Tecnolégico) for
their financial support.

References

Abbasi, E., Sarteshnizi, R. A., Gavlighi, H. A., Nikoo, M., Azizi, M.
H., & Sadeghinejad, N. (2019). Effect of partial replacement of
fat with added water and tragacanth gum (Astragalus gossypi-
nus and Astragalus compactus) on the physicochemical, texture,
oxidative stability, and sensory property of reduced fat emulsion
type sausage. Meat Science, 147, 135-143. https://doi.org/10.1016/j.
meatsci.2018.09.007

Aburto, N. ., Ziolkovska, A., Hooper, L., Elliot, P, Cappuccio, E P, &
Meerpohl, J. J. (2013). Effect of lower sodium intake on health:
systematic review and meta-analyses. BMJ, 346, f1326. https://
doi.org/10.1136/bm;j.f1326

Afshari, R., Hosseini, H., Mousavi Khaneghah, A., & Khaksar, R.
(2017). Physico-chemical properties of functional low-fat beef
burgers: Fatty acid profile modification. LWT - Food Science and
Technology, 78, 325-331. https://doi.org/10.1016/j.lwt.2016.12.054

Alshahrani, S. M., Fraser, G. E., Sabaté, J., Knutsen, R., Shavlik, D.,
Mashchak, A., Lloren, J. I, Orlich, M. J. (2019). Red and Processed

Food Sci. Technol, Campinas, 43, e108322, 2023

Meat and Mortality in a Low Meat Intake Population. Nutrients,
11(3), 622. https://doi.org/10.3390/nu11030622

American Association of Cereal Chemists (AACC). (2001). The defi-
nition of dietary fiber. AACC Report, 46, 112-126.

Arifin, N., Hanifah, N. E. M., & Yahya, H. N. (2021). Physicochemical
Properties, Nutritional Composition and Sensory Acceptance
of Chicken Meat Sausages with Chia Seed Powder Substitution.
Malaysian Journal of Science Health & Technology, 7(1), 34-42.
https://doi.org/10.33102/mjosht.v7il1.137

Aspri, M., & Tsaltas, D. (2021). Microbes and the environment. The
Interaction of Food Industry and Environment, 119-154. https://
doi.org/10.1016/B978-0-12-816449-5.00004-7

Banerjee, D. K., Das, A. K., Banerjee, R., Pateiro, M., Nanda, P. K,,
Gadekar, Y. P,, & Lorenzo, J. M. (2020). Application of enoki
mushroom (Flammulina Velutipes) stem wastes as functional
ingredients in goat meat nuggets. Foods, 9(4), 432. https://doi.
org/10.3390/fo0ds9040432

Barbut, S. (2011). Reducing fats in processed meat products. Processed
Meats - Improving Safety, Nutrition and Quality, 346-371. https://
doi.org/10.1533/9780857092946.2.346

Barretto, A. C. S., Pacheco, M. T., & Pollonio, M. A. R. (2015). Effect of
the addition of wheat fiber and partial pork back fat on the chem-
ical composition, texture and sensory property of low-fat bologna
sausage containing inulin and oat fiber. Ciéncia e Tecnologia de Al-
imentos, 35(1), 100-107. https://doi.org/10.1590/1678-457X.6496

Barretto, T. L., Bellucci, E. R. B., Barbosa, R. D., Pollonio, M. A. R.,
Romero, J. T., & Barretto, A. C. S. (2020). Impact of ultrasound
and potassium chloride on the physicochemical and sensory prop-
erties in low sodium restructured cooked ham. Meat Science, 165,
108130. https://doi.org/10.1016/j.meatsci.2020.108130

Barros, C. P, Guimaraes, ]. T., Esmerino, E. A., Duarte, M. C. K,
Silva, M. C,, Silva, R., & Cruz, A. G. (2020). Paraprobiotics and
postbiotics: concepts and potential applications in dairy products.
Current Opinion in Food Science, 32, 1-8. https://doi.org/10.1016/j.
cofs.2019.12.003

Barros, J. C., Munekata, P. E. S., Pires, M. A., Rodrigues, I., Andaloussi,
O. S., Rodrigues, C. E. C., & Trindade, M. A. (2018). Omega-3-
and fibre-enriched chicken nuggets by replacement of chicken
skin with chia (Salvia hispanica L.) flour. LWT- Food Science and
Technology, 90, 283-289. https://doi.org/10.1016/j.lwt.2017.12.041

Bis-Souza, C. V., Barba, E J., Lorenzo, ]. M., Penna, A. L. B., & Barretto,
A.C.S.(2019a). New strategies for the development of innovative
fermented meat products: a review regarding the incorporation of
probiotics and dietary fibers. Food Reviews International, 35(5),
467-484. https://doi.org/10.1080/87559129.2019.1584816

Bis-Souza, C. V., Henck, J. M. M., & Barretto, A. C. S. (2018). Perfor-
mance of low-fat beef burger with added soluble and insoluble
dietary fibers. Food Science and Technology, 38(3), 522-529. https://
doi.org/10.1590/fst.09217

Bis-Souza, C. V., Ozaki, M. M., Vidal, V. A. S., Pollonio, M. A. R. Penna,
A. L. B, & Barretto, A. C. S. (2019b). Can dietary fiber improve
the technological characteristics and sensory acceptance of low-fat
Italian type salami? Food Science and Technology, 57(3), 1003-1012.
https://doi.org/10.1007/s13197-019-04133-6

Bis-Souza, C. V., Pateiro, M., Dominguez, R., Penna, A. L. B., Lorenzo, J.
M., & Silva Barretto, A. C. (2020). Impact of fructooligosaccharides
and probiotic strains on the quality parameters of low-fat Spanish
Salchichén. Meat Science, 159, 107936. https://doi.org/10.1016/].
meatsci.2019.107936


https://doi.org/10.1016/j.meatsci.2018.09.007
https://doi.org/10.1016/j.meatsci.2018.09.007
https://doi.org/10.1136/bmj.f1326
https://doi.org/10.1136/bmj.f1326
https://doi.org/10.1016/j.lwt.2016.12.054
https://doi.org/10.3390/nu11030622
https://doi.org/10.33102/mjosht.v7i1.137
https://doi.org/10.1016/B978-0-12-816449-5.00004-7
https://doi.org/10.1016/B978-0-12-816449-5.00004-7
https://doi.org/10.3390/foods9040432
https://doi.org/10.3390/foods9040432
https://doi.org/10.1533/9780857092946.2.346
https://doi.org/10.1533/9780857092946.2.346
https://doi.org/10.1590/1678-457X.6496
https://doi.org/10.1016/j.meatsci.2020.108130
https://doi.org/10.1016/j.cofs.2019.12.003
https://doi.org/10.1016/j.cofs.2019.12.003
https://doi.org/10.1016/j.lwt.2017.12.041
https://doi.org/10.1080/87559129.2019.1584816
https://doi.org/10.1590/fst.09217
https://doi.org/10.1590/fst.09217
https://doi.org/10.1007/s13197-019-04133-6
https://doi.org/10.1016/j.meatsci.2019.107936
https://doi.org/10.1016/j.meatsci.2019.107936

Reformulation of fermented meat products

Bonnet, C., Bouamra-Mechemache, Z., Réquillart, V., & Treich, N.
(2020). Viewpoint: Regulating meat consumption to improve
health, the environment and animal welfare. Food Policy, 97,
101847. https://doi.org/10.1016/j.foodpol.2020.101847

Camara, A. K. E L., Ozaki, M. M, Santos, M., Vidal, V. A. S., Ribeiro,
W. O, Paglarini, C. D. S., Bernardinelli, O. D., Sabadini, E., &
Pollonio, M. A. R. (2021). Olive oil-based emulsion gels containing
chia (Salvia hispanica L.) mucilage delivering healthy claims to
low-saturated fat Bologna sausages. Food Structure, 28, 100187.
https://doi.org/10.1016/j.foostr.2021.100187

Carvalho, E. A. L., Pateiro, M., Dominguez, R., Barba-Orellana, S.,
Mattar, J., Rimac Brn¢ié, S., & Lorenzo, J. M. (2019). Replacement
of meat by spinach on physicochemical and nutritional properties
of chicken burgers. Journal of Food Processing and Preservation,
43(5), e13935. https://doi.org/10.1111/jfpp.13935

Carvalho, L. T, Lorenzo, J. M., de Carvalho, F. A. L., Bellucci, E. R. B,,
Trindade, M. A., & Dominguez, R. (2020). Use of Turkey Meat
Affected by White Striping Myopathy for the Development of
Low-Fat Cooked Sausage Enriched with Chitosan. Foods, 9(12),
1866. https://doi.org/10.3390/foods9121866

Carvalho, L. T., Pires, M. A., Baldin, J. C., Munekata, P. E. S., De
Carvalho, E A. L., Rodrigues, I, Polizer, Y., ]., De Mello, . L. M.,
Lapa-Guimardes, J., & Trindade, M. A. (2018). Partial replace-
ment of meat and fat with hydrated wheat fiber in beef burgers
decreases caloric value without reducing the feeling of satiety after
consumption. Meat Science, 147, 53-59. https://doi.org/10.1016/j.
meatsci.2018.08.010

Champ, M. (2004). Resistant starch. In A.-C. Eliasson (Ed.), Starch
in food - structure, function and applications (v. 61, pp. 383-384).
Woodhead Publishing Limited.

Chen, ., Hu, Y., Wen, R,, Liu, Q., Chen, Q., & Kong, B. (2019). Effect of
NaCl substitutes on the physical, microbial and sensory character-
istics of Harbin dry sausage. Meat Science, 156, 205-213. https://
doi.org/10.1016/j.meatsci.2019.05.035

Cittadini, A., Dominguez, R., Gémez, B., Pateiro, M., Pérez-San-
taescolastica, C., Lopez-Fernandez, O., & Lorenzo, J. M. (2019).
Effect of NaCl replacement by other chloride salts on physico-
chemical parameters, proteolysis and lipolysis of dry-cured foal
“cecina’”. Journal of Food Science and Technology, 57(5), 1628-1635.
https://doi.org/10.1007%2Fs13197-019-04195-6

Ciudad-Mulero, M., Fernandez-Ruiz, V., Matallana-Gonzalez, M. C,,
& Morales, P. (2019). Dietary fiber sources and human benefits:
The case study of cereal and pseudocereals. Advances in Food
and Nutrition Research, 90, 83-134. https://doi.org/10.1016/
bs.afnr.2019.02.002

Codex Alimentarius (2008). Report of the 30th Session of the Codex
Committee on Nutrition and Foods for Special Dietary Uses, Cape
Town, South Africa.

Codex Alimentarius (2009). Report of the 31st Session of the Codex
Committee on Nutrition and Foods for Special Dietary Uses, Diis-
seldorf, Germany.

Corral, S., Salvador, A., & Flores, M. (2013). Salt reduction in slow
fermented sausages affects the generation of aroma active com-
pounds. Meat Science, 93(3), 776-785. https://doi.org/10.1016/j.
meatsci.2012.11.040

Dai, E-]., & Chau, C.-F. (2017). Classification and regulatory perspec-
tives of dietary fiber. Journal of Food and Drug Analysis, 25(1),
37-42. https://doi.org/10.1016/}.jfda.2016.09.006

Das, A. K., Nanda, P. K., Madane, P, Biswas, S., Das, A., Zhang, W,, & Lo-
renzo, J. M. (2020). A comprehensive review on antioxidant dietary

fibre enriched meat-based functional foods. Trends in Food Science
& Technology, 99, 323-336. https://doi.org/10.1016/j.tifs.2020.03.010

De Sousa, A. M. B., Araujo Alves, R., Madeira, D. S. S., Santos, R. M.,
Pereira, A. L. E, Oliveira Lemos, T., & Abreu, V. K. G. (2020).
Storage of beef burgers containing fructooligosaccharides as fat
replacer and potassium chloride as replacing sodium chloride.
Journal of Food Science and Technology, 57(9), 3232-3243. https://
doi.org/10.1007/s13197-020-04354-0

De Souza Paglarini, C., Vidal, V. A. S., Ribeiro, W., Badan Ribeiro, A. P,
Bernardinelli, O. D., Herrero, A. M., Ruiz-Capillas, C., Sabadini,
E., & Pollonio, M. A. R. (2021). Using inulin based of emulsion
gels as fat substitute in salt reduced Bologna sausage. Journal of
the Science of Food and Agriculture, 101(2), 505-517. https://doi.
0rg/10.1002/jsfa.10659

Delgado-Pando, G., Allen, P, Kerry, J. P,, O’Sullivan, M. G., & Hamill,
R. M. (2019). Optimising the acceptability of reduced-salt ham
with flavourings using a mixture design. Meat Science, 156, 1-10.
https://doi.org/10.1016/j.meatsci.2019.05.010

Delzenne, N. M., Olivarez, M., Neyrinck, A. M., Beaumont, M., Kjol-
baek, L., Larsen, T. M., & Kamp, J.-W. Van Der. (2020). Nutritional
interest of dietary fiber and prebiotics in obesity: lessons from the
MyNewGut consortium. Clinical Nutrition, 39(2), 414-424. https://
doi.org/10.1016/j.clnu.2019.03.002

Desmond, E. (2006). Reducing salt: A challenge for the meat in-
dustry. Meat Science, 74(1), 188-196. https://doi.org/10.1016/j.
meatsci.2006.04.014

Dos Santos, J. M., Ignacio, E. O., Bis-Souza, C. V., & Silva-Barretto,
A. C. (2021). Performance of reduced fat-reduced salt fermented
sausage with added microcrystalline cellulose, resistant starch
and oat fiber using the simplex design. Meat Science, 175, 108433.
https://doi.org/10.1016/j.meatsci.2021.108433

Dzudie, T., Kouebou, C. P, Essia-Ngang, J. J., & Mboufung, C. M. E.
(2004). Lipid sources and essential oils effects on quality and
stability of beef patties. Journal of Food Engineering, 65(1), 67-72.
https://doi.org/10.1016/j.jfoodeng.2003.12.004

EFSA (2011). Scientific Opinion on the substantiation of a health claim
related to barley beta-glucans and lowering of blood cholesterol
and reduced risk of (coronary) heart disease pursuant to Article
14 of Regulation (EC) No 1924/2006. EFSA Journal, 9, 2470.

Felisberto, M. H. E, Galvao, M. T. E. L., Picone, C. S. E, Cunha, R. L.,
& Pollonio, M. A. R. (2015). Effect of prebiotic ingredients on the
rheological properties and microstructure of reduced-sodium and
low-fat meat emulsions. LWT - Food Science and Technology, 60(1),
148-155. https://doi.org/10.1016/j.1wt.2014.08.004

Fernandez-Lépez, J., Lucas-Gonzilez, R., Viuda-Martos, M., Sayas-Bar-
berd, E., Ballester-Sanchez, J., Haros, C. M., Martinez-Mayoral,
A., & Pérez-Alvarez, J. A. (2020). Chemical and technological
properties of bologna-type sausages with added black quinoa
wet-milling coproducts as binder replacer. Food Chemistry, 310,
125936. https://doi.org/10.1016/j.foodchem.2019.125936

Garcia, M. L., Dominguez, R., Galvez, M. D., Casas, C., & Selgas,
M. D. (2002). Utilization of cereal and fruit fibres in low fat dry
fermented sausages. Meat Science, 60(3), 227-236. https://doi.
0rg/10.1016/50309-1740(01)00125-5

Garcia-Santos, M. de S. L., Conceicio, F. S., Villas Boas, E, Salotti de
Souza, B. M., & Barretto, A. C. S. (2019). Effect of the addition of
resistant starch in sausage with fat reduction on the physicochemi-
cal and sensory properties. Food Science and Technology, 39(Suppl.
2), 491-497. https://doi.org/10.1590/st.18918

Gibson, G. R., Hutkins, R., Sanders, M. E., Prescott, S. L., Reimer, R. A.,
Salminen, S. J., Scott, K., Stanton, C., Swanson, K. S., Cani, P. D,,

Food Sci. Technol, Campinas, 43, €108322, 2023


https://doi.org/10.1016/j.foodpol.2020.101847
https://doi.org/10.1016/j.foostr.2021.100187
https://doi.org/10.1111/jfpp.13935
https://doi.org/10.3390/foods9121866
https://doi.org/10.1016/j.meatsci.2018.08.010
https://doi.org/10.1016/j.meatsci.2018.08.010
https://doi.org/10.1016/j.meatsci.2019.05.035
https://doi.org/10.1016/j.meatsci.2019.05.035
https://doi.org/10.1007%2Fs13197-019-04195-6
https://doi.org/10.1016/bs.afnr.2019.02.002
https://doi.org/10.1016/bs.afnr.2019.02.002
https://doi.org/10.1016/j.meatsci.2012.11.040
https://doi.org/10.1016/j.meatsci.2012.11.040
https://doi.org/10.1016/j.jfda.2016.09.006
https://doi.org/10.1016/j.tifs.2020.03.010
https://doi.org/10.1007/s13197-020-04354-0
https://doi.org/10.1007/s13197-020-04354-0
https://doi.org/10.1002/jsfa.10659
https://doi.org/10.1002/jsfa.10659
https://doi.org/10.1016/j.meatsci.2019.05.010
https://doi.org/10.1016/j.clnu.2019.03.002
https://doi.org/10.1016/j.clnu.2019.03.002
https://doi.org/10.1016/j.meatsci.2006.04.014
https://doi.org/10.1016/j.meatsci.2006.04.014
https://doi.org/10.1016/j.meatsci.2021.108433
https://doi.org/10.1016/j.jfoodeng.2003.12.004
https://doi.org/10.1016/j.lwt.2014.08.004
https://doi.org/10.1016/j.foodchem.2019.125936
https://doi.org/10.1016/s0309-1740(01)00125-5
https://doi.org/10.1016/s0309-1740(01)00125-5
https://doi.org/10.1590/fst.18918

SANTOS et al.

Verbeke, K., & Reid, G. (2017). Expert consensus document: The
International Scientific Association for Probiotics and Prebiotics
(ISAPP) consensus statement on the definition and scope of pre-
biotics. Nature Reviews Gastroenterology and Hepatology, 14(8),
491-502. https://doi.org/10.1038/nrgastro.2017.75

Granato, D., Barba, F. J., Kovacevic, D. B., Lorenzo, ]. M., Cruz, A. G., &
Putnik, P. (2020). Functional Foods: Product Development, Tech-
nological Trends, Efficacy Testing, and Safety. Annual Review of
Food Science and Technology, 11,93-118. https://doi.org/10.1146/
annurev-food-032519-051708

Grasso, S., Pintado, T., Pérez-Jiménez, J., Ruiz-Capillas, C., & Herrero,
A. M. (2020). Potential of a sunflower seed by-product as animal
fat replacer in healthier frankfurters. Foods, 9(4), 445. https://doi.
0rg/10.3390/foods9040445

Guardia, M. D., Guerrero, L., Gelabert, J., Gou, P., & Arnau, J. (2008).
Sensory characterisation and consumer acceptability of small cali-
ber fermented sausages with50% substitution of NaCl by mixtures
of KCl and potassium lactate. Meat Science, 80(4), 1225-1230.
https://doi.org/10.1016/j.meatsci.2008.05.031

Ham, Y. K., Hwang, K. E., Song, D. H., Kim, Y. J., Shin, D. J., Kim, K.
1, Lee, H.J.,Kim, N.-R., & Kim, C.J. (2021). Lotus (Nelumbo nu-
cifera) rhizome as an antioxidant dietary fiber in cooked sausage:
Effects on physicochemical and sensory characteristics. Korean
Journal for Food Science of Animal Resources, 37(2), 219-227.
https://doi.org/10.5851%2Fkosfa.2017.37.2.219

Henning, S. S. C., Tshalibe, P,, & Hoffman, L. C. (2016). Physico-chem-
ical properties of reduced-fat beef species sausage with pork back
fat replaced by pineapple dietary fibres and water. LWT, 74, 92-98.
https://doi.org/10.1016/j.lwt.2016.07.007

Horita, C. N., Morgano, M. A., Celeghini, R. M. S., & Pollonio, M.
A. R. (2011). Physico-chemical and sensory properties of re-
duced-fat mortadella prepared with blends of calcium, magne-
sium and potassium chloride as partial substitutes for sodium
chloride. Meat Science, 89(4), 426-433. https://doi.org/10.1016/j.
meatsci.2011.05.010

Hu, Y., Zhang, L., Zhang, H., Wang, Y., Chen, Q., & Kong, B. (2020).
Physicochemical properties and flavour profile of fermented dry
sausages with a reduction of sodium chloride. LWT, 124, 109061.
https://doi.org/10.1016/j.1wt.2020.109061

International Agency for Research on Cancer (IARC). (2015). IARC
Monographs evaluate consumption of red meat and processed meat.
Press Release no. 240.

Jiang, G., Wu, Z., Ramachandra, K., Zhao, C., & Ameer, K. (2022).
Changes in structural and chemical composition of insoluble
dietary fibers bound phenolic complexes from grape pomace by
alkaline hydrolysis treatment. Food Science and Technology, 42,
€50921. https://doi.org/10.1590/fst.50921

Kaur, R., & Sharma, M. (2019). Cereal polysaccharides as sources
of functional ingredient for reformulation of meat products:
A review. Journal of Functional Foods, 62, 103527. https://doi.
org/10.1016/j.jF.2019.103527

Kim, C. H,, Park, J., & Kim, M. (2014). Gut Microbiota-Derived Short-
Chain Fatty Acids, T Cells, and Inflammation. Immune Network,
14(6), 277-288. https://doi.org/10.4110%2Fin.2014.14.6.277

Kim, G.-D., Hur, S. J,, Park, T. S., & Jin, S.-K. (2018). Quality char-
acteristics of fat-reduced emulsion-type pork sausage by partial
substitution of sodium chloride with calcium chloride, potassium
chloride and magnesium chloride. LWT, 89, 140-147. https://doi.
org/10.1016/j.1wt.2017.10.033

Kloss, L., Meyer, J. D., Graeve, L., Vetter, W. (2015). Sodium in-
take and its reduction by food reformulation in the European

Food Sci. Technol, Campinas, 43, e108322, 2023

Union: A review. NFS Journal, 1, 9-19. https://doi.org/10.1016/j.
nfs.2015.03.001

Krawczyk, G., Venables, A., & Tuason, D. (2009). Microcrystalline
cellulose. Handbook of Hydrocolloids, 740-759. https://doi.
org/10.1533/9781845695873.740

Leroy, E, & De Vuyst, L. (2016). Fermented Foods: Fermented Meat
Products. Encyclopedia of Food and Health, 656-660. https://doi.
org/10.1016/B978-0-12-384947-2.00283-X

Li, J.-M., & Nie, S. P. (2016). The functional and nutritional aspects of
hydrocolloids in foods. Food Hydrocolloids, 53, 46-61. https://doi.
org/10.1016/j.foodhyd.2015.01.035

Li, L., Pan, M, Pan, S., Li, W,, Zhong, Y., Hu, J., & Nie, S. (2020). Effects
of insoluble and soluble fibers isolated from barley on blood glu-
cose, serum lipids, liver function and caecal short-chain fatty acids
in type 2 diabetic and normal rats. Food and Chemical Toxicology,
135, 110937. https://doi.org/10.1016/.fct.2019.110937

Li, M.-M., Zhou, Y., Zuo, L., Nie, D., & Xiao-An, L. (2021). Dietary
Fiber Regulates Intestinal Flora and Suppresses Liver and Systemic
Inflammation to Alleviate Liver Fibrosis in Mice. Nutrition, 81,
110959. https://doi.org/10.1016/j.nut.2020.110959

Lorenzo, J. M., Bermudez, R, Dominguez, R., Guiotto, A., Franco, D.,
& Purrinos, L. (2015). Physicochemical and microbial changes
during the manufacturing process of dry-cured lacén salted with
potassium, calcium and magnesium chloride as a partial replace-
ment for sodium chloride. Food Control, 50, 763-769. https://doi.
org/10.1016/j.foodcont.2014.10.019

Magalhées, 1. M. C., De Souza Paglarini, C., Vidal, V. A., & Pollonio,
M. A. R. (2020). Bamboo fiber improves the functional proper-
ties of reduced salt and phosphate free Bologna sausage. Journal
of Food Processing and Preservation, 44(12), €14929. https://doi.
org/10.1111/jfpp.14929

Manassi, C. E, Souza, S. S., Hassemer, G. S., Sartor, S., Lima, C. M G,,
Miotto, M., Lindner, J. D., Rezzadori, K. Pimentel, T. C., Ramos,
G. L. P. A,, Esmerino, E., Duarte, M. C. K. H., Marsico, E. T, &
Verruck, S. (2022). Functional meat products: Trends in pro-, pre-,
syn-, para- and post-biotic use. Food Research International, 154,
111035. https://doi.org/10.1016/j.foodres.2022.111035

Moghtadaei, M., Soltanizadeh, N., & Goli, S. A. H. (2018). Production
of sesame oil oleogels based on beeswax and application as partial
substitutes of animal fat in beef burger. Food Research Internation-
al, 108, 368-377. https://doi.org/10.1016/j.foodres.2018.03.051

Momchilova, M. M., Petrova, T. V., Gradinarska-Ivanova, D. N., &
Yordanov, D. G. (2021). Emulsion and inulin stability of meat
pate with reduced fat content as a function of sterilization re-
gimes. Food Science and Technology, 41(4), 980-986. https://doi.
org/10.1590/fst.27420

Mora-Gallego, H., Serra, X., Guardia, M. D., & Arnau, J. (2014). Ef-
fect of reducing and replacing pork fat on the physicochemical,
instrumental and sensory characteristics throughout storage time
of small caliber non-acid fermented sausages with reduced sodium
content. Meat Science, 97(1), 62-68. https://doi.org/10.1016/j.
meatsci.2014.01.003

Morais, B. H. S., Lima, A. J. M., Albuquerque, N. L, Chisté, R. C., &
Guimaraes, D. A. A. (2022). Bacteriological, physicochemical,
and sensory characteristics of collared peccary sausages (Pecari
tajacu) with added dietary fibers. Food Science and Technology,
42, e04922. https://doi.org/10.1590/st.04922

Nsor-Atindana, J., Chen, M., Goff, H. D., Zhong, E, Sharif, H. R., & Li,
Y. (2017). Functionality and nutritional aspects of microcrystalline
cellulose in food. Carbohydrate Polymers, 172, 159-174. https://
doi.org/10.1016/j.carbpol.2017.04.021


https://doi.org/10.1038/nrgastro.2017.75
https://doi.org/10.1146/annurev-food-032519-051708
https://doi.org/10.1146/annurev-food-032519-051708
https://doi.org/10.3390/foods9040445
https://doi.org/10.3390/foods9040445
https://doi.org/10.1016/j.meatsci.2008.05.031
https://doi.org/10.5851%2Fkosfa.2017.37.2.219
https://doi.org/10.1016/j.lwt.2016.07.007
https://doi.org/10.1016/j.meatsci.2011.05.010
https://doi.org/10.1016/j.meatsci.2011.05.010
https://doi.org/10.1016/j.lwt.2020.109061
https://doi.org/10.1590/fst.50921
https://doi.org/10.1016/j.jff.2019.103527
https://doi.org/10.1016/j.jff.2019.103527
https://doi.org/10.4110%2Fin.2014.14.6.277
https://doi.org/10.1016/j.lwt.2017.10.033
https://doi.org/10.1016/j.lwt.2017.10.033
https://doi.org/10.1016/j.nfs.2015.03.001
https://doi.org/10.1016/j.nfs.2015.03.001
https://doi.org/10.1533/9781845695873.740
https://doi.org/10.1533/9781845695873.740
https://doi.org/10.1016/B978-0-12-384947-2.00283-X
https://doi.org/10.1016/B978-0-12-384947-2.00283-X
https://doi.org/10.1016/j.foodhyd.2015.01.035
https://doi.org/10.1016/j.foodhyd.2015.01.035
https://doi.org/10.1016/j.fct.2019.110937
https://doi.org/10.1016/j.nut.2020.110959
https://doi.org/10.1016/j.foodcont.2014.10.019
https://doi.org/10.1016/j.foodcont.2014.10.019
https://doi.org/10.1111/jfpp.14929
https://doi.org/10.1111/jfpp.14929
https://doi.org/10.1016/j.foodres.2022.111035
https://doi.org/10.1016/j.foodres.2018.03.051
https://doi.org/10.1590/fst.27420
https://doi.org/10.1590/fst.27420
https://doi.org/10.1016/j.meatsci.2014.01.003
https://doi.org/10.1016/j.meatsci.2014.01.003
https://doi.org/10.1590/fst.04922
https://doi.org/10.1016/j.carbpol.2017.04.021
https://doi.org/10.1016/j.carbpol.2017.04.021

Reformulation of fermented meat products

Nsor-Atindana, J., Xing Zhou, Y., Nazmus Saqib, M., Chen, M., Doug-
las Goft, H., Ma, J., & Zhong, E (2019). Enhancing the prebiotic
effect of cellulose biopolymer in the gut by physical structuring
via particle size manipulation. Food Research International, 131,
108935. https://doi.org/10.1016/j.foodres.2019.108935

Ochola, S., & Masibo, P. K. (2014). Dietary Intake of Schoolchildren and
Adolescents in Developing Countries. Annals of Nutrition and Me-
tabolism, 64(Suppl. 2), 24-40. https://doi.org/10.1159/000365125

Oliveira, A. A. N., Mesquita, E. F. M., & Furtado, A. A. L. (2022). Use
of bacterial cellulose as a fat replacer in emulsified meat prod-
ucts: review. Food Science and Technology, 42, e42621. https://doi.
org/10.1590/fst.42621

Ozaki, M. M., Dos Santos, M., Paglarini, C. S., Vidal, V. A. S., & Pollonio,
M. A. R. (2020). Produtos Carneos com Adigiao de Compostos
Prebidticos: Desafios Tecnologicos e Beneficios Nutricionais. In
A. G. Cruz, & P. B. Zacarchenko (Eds.), Probiéticos e Prebidticos
Desafios e Avangos (pp. 1-372). Setembro.

Paglarini, C. S., Furtado, G. D. E,, Hondrio, A. R., Mokarzel, L., Vidal, V.
A.D. S, Ribeiro, A. P. B,, & Pollonio, M. A. R. (2019). Functional
emulsion gels as pork back fat replacers in Bologna sausage. Food
Structure, 20, 100105. https://doi.org/10.1016/j.foostr.2019.100105

Paglarini, C. S., Vidal, V. A. S., Santos, M., Coimbra, L. O., Esmerino,
E. A, Cruz, A. G, & Rodrigues Pollonio, M. A. R. (2020). Using
dynamic sensory techniques to determine drivers of liking in
sodium and fat-reduced Bologna sausage containing functional
emulsion gels. Food Research International, 132, 109066. https://
doi.org/10.1016/j.foodres.2020.109066

Paula, M. M. D. O, Silva, J. R. G, Oliveira, K. L. D., Massingue, A. A.,
Ramos, E. M., Benevenuto, A. A., & Silva, V. R. O. (2019). Tech-
nological and sensory characteristics of hamburgers added with
chia seed as fat replacer. Ciéncia Rural, 49(8), €20190090. https://
doi.org/10.1590/0103-8478cr20190090

Peng, X., & Yao, Y. (2017). Carbohydrates as Fat Replacers. Annual
Review of Food Science and Technology, 8, 331-351. https://doi.
org/10.1146/annurev-food-030216-030034

Pérez-Burillo, S., Mehta, T., Pastoriza, S., Kramer, D. L., Paliy, O., &
Rufian-Henares, J. A. (2019). Potential probiotic salami with di-
etary fiber modulates antioxidant capacity, short chain fatty acid
production and gut microbiota community structure. LWT, 105,
355-362. https://doi.org/10.1016/j.1wt.2019.02.006

Pintado, T., Herrero, A. M., Ruiz-Capillas, C., Triki, M., Carmona, P., &
Jiménez-Colmenero, F. (2015). Effects of emulsion gels containing
bioactive compounds on sensorial, technological, and structural
properties of frankfurters. Food Science and Technology Interna-
tional, 22(2), 132-145. https://doi.org/10.1177/1082013215577033

Polizer-Rocha, Y. J., Lorenzo, J. M., Pompeu, D., Rodrigues, I., Baldin,
J. C., Pires, M. A., & Trindade, M. A. (2020). Physicochemical
and technological properties of beef burger as influenced by the
addition of pea fibre. International Journal of Food Science &
Technology, 55(3), 1018-1024. https://doi.org/10.1111/ijfs.14324

Ramirez, ]. A., Barrera, M., Morales, O. G., & Vazquez, M. (2002).
Effect of xanthan and locust bean gums on the gelling properties
of myofibrillar protein. Food Hydrocolloids, 16(1), 11-16. https://
doi.org/10.1016/S0268-005X(01)00033-9

Reynolds, A., Mann, J., Cummings, J., Winter, N., Mete, E., & Te Moren-
ga, L. (2019). Carbohydrate quality and human health: a series of
systematic reviews and meta-analyses. Lancet, 393(10170), 434-
445. https://doi.org/10.1016/S0140-6736(18)31809-9

Roberfroid, M. B. (2005). Introducing inulin-type fructans. British Jour-
nal of Nutrition, 93(Suppl. 13), S13-25. https://doi.org/10.1079/
bjn20041350

10

Sarteshnizi, R. A., Hosseini, H., Bondarianzadeh, D., Colmenero, E. J.,
& Khaksar, R. (2015). Optimization of prebiotic sausage formu-
lation: Effect of using B-glucan and resistant starch by D-optimal
mixture design approach. LWT, 62(1 Part 2), 704-710. https://doi.
0rg/10.1016/j.lwt.2014.05.014

Saura-Calixto, F. (1988). Antioxidant Dietary Fiber Product: A New
Concept and a Potential Food Ingredient. Journal of Agricultural
and Food Chemistry, 46(10), 4303-4306. https://doi.org/10.1021/
19803841

Schuh, V,, Allard, K., Herrmann, K., Gibis, M., Kohlus, R., & Weiss, J.
(2013). Impact of carboxymethyl cellulose (CMC) and microcrys-
talline cellulose (MCC) on functional characteristics of emulsified
sausages. Meat Science, 93(2), 240-247. https://doi.org/10.1016/j.
meatsci.2012.08.025

Schulze, M. B., Schulz, M., Heidemann, C., Schienkiewitz, A., Hoff-
mann, K., Boeing, H. (2007). Fiber and Magnesium Intake and
Incidence of Type 2 Diabetes. Archives of Internal Medicine, 167(9),
956-965. https://doi.org/lO.1001/archinte.l67.9.956

Sirini, N., Munekata, P. E. S., Lorenzo, J. M., Stegmater, M. A., Pateiro,
M., Pérez-Alvarez, ]. A., Sepulveda, N., Sosa-Morales, M. E., Teix-
eira, A., Fernandez-Lopez, J., Frizzo, L., & Rosmini, M. (2022).
Development of healtier and functional dry fermented sausages:
Present and Future. Foods, 11(8), 1128. https://doi.org/10.3390/
foods11081128

Teixeira, A., Rodrigues, S. (2021). Consumer perceptions towards
healthier meat products, Current Opinion in Food Science, 38,
147-154. https://doi.org/lO.1016/j.c0fs.2020. 12.004

Trevisan, Y. C., Bis-Souza, C. V., Henck, J. M. M., & Barretto, A. C. S.
(2016). Efeito da adigdo de fibra de aveia sobre as propriedades
fisico-quimicas de hamburguer cozido e congelado com redugao
de gordura e sal. Brazilian Journal of Food Technology, 19, 2015079.
https://doi.org/10.1590/1981-6723.7915

Verma, A. K., Rajkumar, V., & Kumar, S. (2019). Effect of ama-
ranth and quinoa seed flour on rheological and physicochem-
ical properties of goat meat nuggets. Journal of Food Science
and Technology, 56(11), 5027-5035. https://doi.org/10.1007/
s13197-019-03975-4

Vidal, V. A. S., Paglarini, C. S., Freitas, M. Q., Coimbra, L. O., Esmerino,
E. A, Pollonio, M. A. R., & Cruz, A. G. (2020). Q Methodology:
An interesting strategy for concept profile and sensory description
oflow sodium salted meat. Meat Science, 161, 108000. https://doi.
org/10.1016/j.meatsci.2019.108000

Virtanen, H. E. K., Voutilainen, S., Koskinen, T. T., Mursu, J., Kokko,
P, Ylilauri, M. P. T., Tuomainen, T.-P,, Salonen, J. T., Virtanen, J.
K. (2019). Dietary proteins and protein sources and risk of death:
The Kuopio Ischaemic Heart Disease Risk Factor Study. Ameri-
can Journal of Clinical Nutrition, 109(5), 1462-1471. https://doi.
org/10.1093/ajcn/nqz025

Wilailux, C., Sriwattana, S., Chokumnoyporn, N., & Prinyawiwatkul,
W. (2020). Texture and Colour Characteristics, and Optimisa-
tion of Sodium Chloride, Potassium Chloride and Glycine of
Reduced-Sodium Frankfurter. International Journal of Food
Science & Technology, 55(5), 2232-2241. https://doi.org/10.1111/
ijfs.14476

World Health Organization (WHO). (2003): Obesity: preventing and
managing the global epidemic. Report of a WHO Consultation
(WHO Technical Report Series 894). WHO. Retrieved from
https://apps.who.int/iris/handle/10665/42330

Yadav, S., Pathera, A. K., Islam, R. U,, Malik, A. K., & Sharma,
D. P. (2018). Effect of wheat bran and dried carrot pom-
ace addition on quality characteristics of chicken sausage.

Food Sci. Technol, Campinas, 43, €108322, 2023


https://doi.org/10.1016/j.foodres.2019.108935
https://doi.org/10.1159/000365125
https://doi.org/10.1590/fst.42621
https://doi.org/10.1590/fst.42621
https://doi.org/10.1016/j.foostr.2019.100105
https://doi.org/10.1016/j.foodres.2020.109066
https://doi.org/10.1016/j.foodres.2020.109066
https://doi.org/10.1590/0103-8478cr20190090
https://doi.org/10.1590/0103-8478cr20190090
https://doi.org/10.1146/annurev-food-030216-030034
https://doi.org/10.1146/annurev-food-030216-030034
https://doi.org/10.1016/j.lwt.2019.02.006
https://doi.org/10.1177/1082013215577033
https://doi.org/10.1111/ijfs.14324
https://doi.org/10.1016/S0268-005X(01)00033-9
https://doi.org/10.1016/S0268-005X(01)00033-9
https://doi.org/10.1016/S0140-6736(18)31809-9
https://doi.org/10.1079/bjn20041350
https://doi.org/10.1079/bjn20041350
https://doi.org/10.1016/j.lwt.2014.05.014
https://doi.org/10.1016/j.lwt.2014.05.014
https://doi.org/10.1021/jf9803841
https://doi.org/10.1021/jf9803841
https://doi.org/10.1016/j.meatsci.2012.08.025
https://doi.org/10.1016/j.meatsci.2012.08.025
https://doi.org/10.1001/archinte.167.9.956
https://doi.org/10.3390/foods11081128
https://doi.org/10.3390/foods11081128
https://doi.org/10.1016/j.cofs.2020.12.004
https://doi.org/10.1590/1981-6723.7915
https://doi.org/10.1007/s13197-019-03975-4
https://doi.org/10.1007/s13197-019-03975-4
https://doi.org/10.1016/j.meatsci.2019.108000
https://doi.org/10.1016/j.meatsci.2019.108000
https://doi.org/10.1093/ajcn/nqz025
https://doi.org/10.1093/ajcn/nqz025
https://doi.org/10.1111/ijfs.14476
https://doi.org/10.1111/ijfs.14476
https://apps.who.int/iris/handle/10665/42330

SANTOS et al.

Asian-Australasian Journal of Animal Sciences, 31(5), 729-737.
https://doi.org/10.5713%2Fajas.17.0214

Yin, X., Tian, M., & Neal, B. (2021). Sodium Reduction: How Big Might
the Risks and Benefits Be? Heart, Lung and Circulation, 30(2),
180-185. https://doi.org/10.1016/j.hlc.2020.07.011

Zaini, H. B. M., Mantihal, S., Ng, E W. Y., & Pindi, W. (2021). The
incorporation of green peas as the source of dietary fiber in devel-
oping functional chicken nuggets. Journal of Food Processing and
Preservation, 45(5), e15412. https://doi.org/10.1111/jfpp.15412

Zaini, H. B. M., Sintang, M. D. B., & Pindi, W. (2020). The roles of ba-
nana peel powders to alter technological functionality, sensory and
nutritional quality of chicken sausage. Food Science ¢ Nutrition,
8(10), 5497-5507. https://doi.org/10.1002%2Ffsn3.1847

Zeuthen, P. (2015). In E H. Toldr4, Y. Hui, I. Astiasaran, J. G. Sebranek,
&R. Talon (eds.), Handbook of Fermented Meat and Poultry. John
Wiley & Sons.

Zhang, X., Yang, J., Gao, H., Zhao, Y., Wang, J., & Wang, S. (2020).
Substituting sodium by various metal ions affects the cathepsins
activity and proteolysis in dry-cured pork butts. Meat Science, 166,
108132. https://doi.org/10.1016/j.meatsci.2020.108132

Food Sci. Technol, Campinas, 43, e108322, 2023

Zhao, D., Guo, C,, Liu, X., & Xiao, C. (2021). Effects of insoluble dietary
fiber from kiwi fruit pomace on the physicochemical properties
and sensory characteristics of low-fat pork meatballs. Journal of
Food Science and Technology, 58(4), 1524-1537. https://doi.org/1
0.1007%2Fs13197-020-04665-2

Zhao, G. H., Kapur, N., Carlin, B., Selinger, E., & Guthrie, J. T. (2011).
Characterisation of the interactive properties of microcrystalline
cellulose-carboxymethyl cellulose hydrogels. International Jour-
nal of Pharmaceutics, 415(1-2), 95-101. https://doi.org/10.1016/j.
ijpharm.2011.05.054

Zhao, Y., Hou, Q., Zhuang, X., Wang, Y., Zhou, G., & Zhang, W.
(2018). Effect of regenerated cellulose fiber on the physico-
chemical properties and sensory characteristics of fat-reduced
emulsified sausage. LWT, 97, 157-163. https://doi.org/10.1016/j.
1wt.2018.06.053

Zheng, ]., Han, Y., Ge, G., Zhao, M., & Sun, W. (2019). Partial substi-
tution of NaCl with chloride salt mixtures: Impact on oxidative
characteristics of meat myofibrillar protein and their rheological
properties. Food Hydrocolloids, 96, 36-42. https://doi.org/10.1016/j.
foodhyd.2019.05.003

11


https://doi.org/10.5713%2Fajas.17.0214
https://doi.org/10.1016/j.hlc.2020.07.011
https://doi.org/10.1111/jfpp.15412
https://doi.org/10.1002%2Ffsn3.1847
https://doi.org/10.1016/j.meatsci.2020.108132
https://doi.org/10.1007%2Fs13197-020-04665-2
https://doi.org/10.1007%2Fs13197-020-04665-2
https://doi.org/10.1016/j.ijpharm.2011.05.054
https://doi.org/10.1016/j.ijpharm.2011.05.054
https://doi.org/10.1016/j.lwt.2018.06.053
https://doi.org/10.1016/j.lwt.2018.06.053
https://doi.org/10.1016/j.foodhyd.2019.05.003
https://doi.org/10.1016/j.foodhyd.2019.05.003

