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Abstract: This study aimed to investigate the incorporation of micronized salt (MS) to reduce
sodium content in fresh sausages while preserving technological, chemical, textural, and sensory
characteristics. Four treatments were prepared: control (C) with 2.0% regular salt; M2.0% with 2.0%
micronized salt; M1.5% with 1.5% micronized salt; and M1.0% with 1.0% micronized salt, containing
1004, 1133, 860, and 525 mg of sodium/100 g of product, respectively. To characterize the samples,
analyses of sodium content, cooking loss, relative myoglobin content, and instrumental color were
carried out. The sensory analysis was performed using the Temporal-Check-All-That-Apply (TCATA)
method. Half of the micronized salt treatment was mixed with the fat during the processing of the
fresh sausages. It was possible to achieve a 50% reduction in sodium (M1.0%) in the fresh sausages
without negative effects on most technological, chemical, and textural parameters, which did not
differ from the control treatment (C). Conversely, “chewiness” decreased in M2.0% compared to
the control (C) due to mixing micronized salt with the fat. The sodium reduction did not impact
the temporal sensory profile and overall liking. Therefore, using micronized salt in fresh sausages
reduces sodium content without affecting sensory traits and product stability.

Keywords: TCATA; texture profile; consumers; healthy meat products

1. Introduction

In recent decades, there has been a significant increase in sudden deaths caused by
non-communicable chronic diseases, primarily cardiovascular issues and arterial hyper-
tension [1]. In this context, excessive sodium consumption is considered a contributing
factor [2]. As a result, reducing sodium intake has become a global concern.

The majority of sodium intake in the population is in the form of sodium chloride
(NaCl) and comes from food products, such as processed meat, representing about 20 to 30%
of daily intake [3]. Fresh sausage is a popular processed meat product in Brazil, with
coarsely ground pork (minimum 12%) and pork fat (maximum 30%) mixed with other
ingredients (salt, additives, spices, and condiments) and embedded in natural or artificial
casings [4]. However, its high NaCl content makes it a significant source of sodium
in the human diet. Consequently, seeking technological strategies to promote sodium
reduction in fresh sausages without altering the original traits is essential and challenging
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because sodium chloride affects fresh sausage texture and flavor intensity based on protein
solubilization, activation of protein extraction [5], enhancing hydration, and water holding
capacity (WHC). Furthermore, experiments carried out in laboratories and pilot plants can
only sometimes be scalable to large production [6].

Many scientific studies on meat products aim to reduce or replace sodium chloride
(NaCl) with alternative ingredients like non-sodium (substitutes) salts or flavor enhancers,
or by modifying crystal size [5–11]. Reducing the sodium content in meat products is made
possible with the use of salt substitutes. These substitutes are ingredients that function
similarly to salt, but with significantly less or no sodium in comparison to table salt (sodium
chloride). Potassium chloride (KCl), magnesium chloride (MgCl2), calcium chloride (CaCl2),
and inorganic blend salts [12] are some examples of salt substitutes. One of the most
commonly used substitutes for NaCl is KCl due to its similar functionality and structure.
In a study comparing the sensory perception of various salts in an aqueous solution to that
of sodium chloride, KCl was the only one to present a similar temporal sensory profile [13].
Another study evaluating the partial replacement of NaCl in frankfurter sausages with KCl
and CaCl2 found that CaCl2 caused low stability in the emulsion when used to replace 50%
of the NaCl [14]. The samples with 50% NaCl replacement with KCl decreased saltiness
and preserved the bitterness. In another work, treatments containing 70% NaCl, 20% KCl,
3.5% maltodextrin, 4% lysine, 1% alanine, 0.5% citric acid, and 1% calcium lactate had a
less bitter taste than sausages made with 70% NaCl and 30% KCl. There was no statistical
difference in the acceptability of the samples with 100% NaCl and the samples with the
afore mentioned percentage composition [15].

Various strategies for reducing sodium in foods, such as non-sodium salt substitutes,
alternative ingredients, and flavor enhancers, encounter regulatory hurdles in different
countries. For example, in Brazil, potassium chloride has yet to be specifically authorized
for use in meat products [16]. An effective way to reduce sodium content in sausages
is using micronized salt, which has smaller particle sizes than regular NaCl. Research
indicates that 70–95% of salt is not dissolved in saliva [17] and using smaller particle sizes
can improve the perception of saltiness [8]. Studies have shown that beef burgers with
only 1% micronized salt have similar sensory characteristics to those with 1.5% regular
NaCl, indicating that reducing NaCl by 30% is possible without affecting the sensory
properties [18,19].

In this scenario, industries can reformulate products, adjusting to the original formu-
lation and aiming for products with lower sodium content. However, it is important to
ensure that modifications align with the consumer’s sensory expectations. As Oliveira
et al. [20] have observed, consumers often hesitate to compromise sensory quality for
health reasons. It is also worth noting that reformulating a product can introduce complex
sensory changes. Hence, relying solely on static sensory tests may not provide a complete
perception, since they record only a picture. Studying the dynamic sensory profile of low-
sodium fresh sausages seems imperative for comprehensively understanding the sensory
phenomenon [21].

Dynamic sensory tests can provide more realistic insights than static tests as they
capture responses often concealed during food consumption. The act of consuming a
particular food involves multisensory experiences. Therefore, the choice of a sensory test
should not be statically limited to a fixed set of sensory attributes. Instead, it should be
dynamic and aim to obtain detailed consumer opinion results [22,23].

In this context, Temporal Check-All-That-Apply (TCATA) is a new dynamic method that
aims to identify all sensory attributes perceived during tasting. TCATA has been shown to be
effective in studying how sensory attributes of food products can be applied [24]. Additionally,
these attributes have been linked to the overall liking, which allows for identifying drivers
of liking, i.e., when attributes are present in the sensory description, they can modify the
product’s liking. In this framework, this study examines the effect of micronized salt on the
sensory, technological, chemical, and textural characteristics of fresh sausages.
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2. Materials and Methods

The experiment was conducted at the Meat Quality and Processing Laboratory of
Departamento de Agroindústria, Alimentos e Nutrição (LAN) of the Escola Superior de
Agricultura “Luiz de Queiroz” (ESALQ), Universidade de São Paulo (USP).

2.1. Raw Materials and Ingredients

The pork meat was obtained from 5-month-old commercial breed animals (Agroceres
Pig). The pork backfat was donated by a commercial slaughterhouse Frigodeliss Ltda
(Capivari-SP). Meat and fat were transported in thermal boxes to the laboratory. They were
kept frozen (−18 ◦C) until the production of fresh sausages. The micronized salt (MS) was
obtained by sieving regular salt (RS) by manually sieving using a stainless-steel sieve with
a 60-mesh size, resulting in a particle size of 168.86 ± 1.66 µm, yielding micronized salt
(MS), according to Rios-Mera et al. [19]. The remaining ingredients were provided by Ibrac
(Rio Claro, SP, Brazil).

2.2. Manufacture of Fresh Sausages

Four treatments were produced: control (C) with 2.0% regular salt, M2.0% with 2.0%
micronized salt, M1.5% with 1.5% micronized salt, and M1.0% with 1.0% micronized salt,
as shown in Table 1. The entire experiment was conducted in a Randomized Complete
Block Design (RCBD) considering two independent processing batches as blocks (n = 40
fresh sausages/treatment/batch). In the manufacturing of the fresh sausages, pork meat
(Semimembranosus) and pork backfat were ground using 8 mm and 6 mm grinding discs,
respectively. For the treatments using micronized salt (M2.0%, M1.5%, and M1.0%), half
of the MS was mixed with the fat, and the other half was combined with the meat batter
and other ingredients. The mixture was homogenized for 2 min before being stuffed
into natural pork casings (Canova, 32 mm caliber) soaked in a 1% saline solution. In the
control treatment (C), regular salt was mixed with the meat and fat before homogenization.
Subsequently, the fresh sausages were vacuum packed (−73 cm Hg, Selovac 300 B vacuum
packer, Sao Paulo, Brazil) and stored at −18 ◦C for subsequent analyses.

Table 1. Formulations of fresh sausages.

Component (%)
Treatments

C M2.0% M1.5% M1.0%

Pork meat 70.88 70.88 71.38 71.88
Pork backfat 20 20 20 20
Water 6 6 6 6
Regular salt 2 – – –
Micronized salt – 2 1.5 1.0
White ground pepper 0.1 0.1 0.1 0.1
Garlic powder 0.2 0.2 0.2 0.2
Sodium nitrite 0.02 0.02 0.02 0.02
Sodium erythorbate 0.3 0.3 0.3 0.3
Monosodium glutamate 0.3 0.3 0.3 0.3

C = control formulation, M2.0% = 2.0% micronized salt, M1.5% = 1.5% micronized salt, M1.0% = 1.0% micronized salt.

2.3. Characterization of Fresh Sausages
2.3.1. Moisture and Ash

We determined, in triplicate, the moisture and ash content of the fresh sausages
according to AOAC guidelines [25], using the following equations:

%Moisture = [(Final weight − initial weight)/(Sample weight)] × 100

%Ash = [(Final ash weight − crucible weight)/(Sample weight)] × 100
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2.3.2. pH and aw

The pH values were determined in the cooked fresh sausages, with measurements taken
in triplicate using a properly calibrated pH meter (buffer solutions 4.0, 7.0, and 10.0) equipped
with a temperature sensor electrode (Lucadema model, LUCA-210, São José do Rio Preto,
Brazil). The water activity (aw) was determined at 25 ◦C in raw fresh sausage samples using
an AquaLab® 4TEV water activity instrument (Decagon, Pullman, WA, USA).

2.3.3. Instrumental Color

The MiniScan®XE Plus spectrophotometer (Hunter Associates Laboratory Inc., Reston,
VA, USA) was used to determine the lightness (L*), redness (a*), yellowness (b*), chroma
(C*), and hue angle (H*) of raw fresh sausages exposed on Petri dishes. Before taking
color measurements, the equipment underwent calibration using a white ceramic tile set
to Y = 93.7, x = 0.3160 and y = 0.3323. The measurement area was 8 mm in diameter, the
viewing angle was 10 degrees, and A10 illuminant was used. Each sample was measured
in triplicate. To determine the values of chroma (C*) and hue angle (H*), we employ the
following equations:

Chroma (C*, saturation index = [(a*2 + b*2)0.5]);

hue angle (Hue = [tan inverse (b*/a*)]);

2.3.4. Relative Myoglobin Content

The relative content of myoglobin (oxymyoglobin OMb and metmyoglobin MMb)
was determined according to AMSA [26]. Raw fresh sausage samples were exposed on
Petri dishes and using a calibrated MiniScan®XE Plus portable spectrophotometer (Hunter
Associates Laboratory Inc., Reston, VA, USA), reflectance spectra were obtained from 400 to
700 nm in 10 nm increments. Linear interpolation was used to calculate the reflectance at 473,
525, and 572 nm, subsequently converted into absorbance (A = log (1/R)). The absorbance
values were used in equations provided by [18] to quantify the relative myoglobin content.
The absorbance values were used in equations provided by AMSA [26] to quantify the
relative myoglobin content:

%MMb = (1.395 − (A572 − A730)/ (A525 − A730)) × 100

%DMb = [2.375 × (1 − (A473 − A730)/ (A525 − A730))] × 100

%OMb = 100 − (%MMb + %DMb)

2.3.5. Cooking Loss

Cooking loss was determined following the methodology described by Honikel [27]
and calculated according to the equation:

%Cooking loss = [(Raw weight − cooked weight)/ (Raw weight)] × 100

2.3.6. Instrumental Texture

The textural properties of the fresh sausages were analyzed through Texture Profile
Analysis (TPA) following the recommendations of Bourne [28] using a TA-XT texture analyzer
(Stable Micro Systems, Godalming, UK). For each treatment, six cylinders were sampled using
a stainless-steel cutter with a height of 2 cm. Then, cooked samples were compressed twice
axially to 50% of their original height at a pre-test speed of 1 mm/s and 5 mm/s, using a P/35
probe (Stable Micro Systems, Godalming, UK). The parameters considered were hardness (N),
springiness (mm), cohesiveness (dimensionless), and chewiness (N).
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2.3.7. Sodium Content

The quantification of sodium content in sausage samples was performed following the
methodology described by Paez et al. [25] and Almeida et al. [29]. Initially, 5 g of samples
were incinerated at 550 ◦C (Jung, Blumenau, Santa Catarina, Brazil). The resulting ashes
were cooled to room temperature and then solubilized in 15 mL of 25% nitric acid solution
(250 mL of nitric acid in 750 mL of distilled water). The samples were analyzed in triplicate
using a flame photometer (Digimed, model DM63, São Paulo, Brazil). For calculation, a
blank sample was used as a control.

2.3.8. Microbiological Analysis

Before conducting sensory analysis of fresh sausages, the microbiological quality of
samples was assessed considering the examination of Escherichia coli, mesophilic aerobic
bacteria, and Salmonella spp. following the American Public Health Association [30].

2.3.9. Sensory Analysis
Consumers

For the sensory analysis, we recruited 109 regular consumers of fresh pork sausages
from the campus community, including students, staff, and visitors, all over 18 years old.
Initially, the participants read and signed the Informed Consent Form, previously approved
by the Ethics Committee for Human Research at ESALQ/USP (protocol number 6.087.327).

Procedure

The sensory tests were conducted at the Sensory Laboratory of Departamento de
Agroindútria, Alimentos e Nutrição (LAN) at ESALQ/USP. The samples (~10 g) were
served monadically to consumers with three-digit codes following the Williams Latin
Square design. Consumers performed the TCATA test, followed by the overall liking test.
Water and unsalted crackers were provided to cleanse the palate between the samples. The
data were collected in the Compusense Cloud software (Compusense Inc., Guelph, ON,
Canada) via tablets with the Android operating system.

Temporal-Check-All-That-Apply

The TCATA test followed previous research protocols [10,31]. The participants were
asked to select sensory attributes from a predetermined list (salty, juicy, firm, off-flavor, dry,
and tender) that describe each sample over time. They could check as many attributes as
they felt were necessary while tasting.

Overall Liking

Immediately after the TCATA test, consumers were instructed to rate their overall liking
using a 9-point hedonic scale ranging from 1 = extremely dislike to 9 = extremely like.

2.4. Data Analysis

The experiment was implemented in an RCBD, considering each processing as a block.
The instrumental results (in triplicate) underwent a mixed analysis of variance (ANOVA),
with treatment as a fixed factor and processing as a random factor. When treatment was
significant (p < 0.05), the Tukey test was applied for pairwise comparison.

The proportions of citations for attributes and products over time were represented
in curve plots. Thick solid lines represent significant reference curves for sensory at-
tributes [32]. The overall liking of pork sausage was submitted to ANOVA considering
treatments, consumers, and presentation order as factors. When applicable, the Tukey
test was employed to explore the differences among treatments. All inferential tests were
conducted at 5% of significance.
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3. Results and Discussion
3.1. Physicochemical Analysis, Yield Properties, Texture Profile, and Sodium Content

The decrease in sodium levels in the formulations did not affect the moisture, pH, aw,
cooking loss, and springiness values, as shown in Table 2. These results indicate that NaCl is
effective in retaining components such as water at up to 1.0% NaCl in the sausage formulation.
Similar results were observed by Saavedra et al. [33] in fish burgers, at NaCl reduction levels of
1.0% to 0.5%. Furthermore, the moisture content remained within the guidelines of Brazilian
regulations for fresh sausages, which stipulate that values should not exceed 70% [34]. This
information is important for the industrial application of the product.

Table 2. Physicochemical analysis, sodium, yield, and texture properties of fresh sausages.

Characteristics
Treatments

C M2.0% M1.5% M1.0% SEM p-Value

Moisture (%) 40.62 41.66 40.68 40.70 0.383 0.236
Ash (%) 3.57 a 3.78 a 2.85 b 2.72 b 0.104 <0.0001
pH 6.12 6.18 6.18 6.23 0.033 0.184
aw 0.966 0.964 0.968 0.967 0.002 0.710
Sodium (mg/100 g) 1004 a 1133 a 860 b 525 c 0.061 <0.0001
Cooking loss (%) 24.58 22.48 20.04 24.27 1.785 0.053
Hardness (N) 108.43 a 103.65 a 89.86 b 83.96 b 1.890 <0.0001
Springiness 0.906 0.886 0.908 0.899 0.006 0.171
Cohesiveness 0.693 a 0.656 ab 0.666 ab 0.612 b 0.020 0.023
Chewiness (N) 68.10 a 60.34 b 54.35 c 46.04 d 1.573 <0.0001

Different letters between mean values at the same row mean statistical differences among treatments (p < 0.05).
C = control formulation, M2.0% = 2.0% micronized salt, M1.5% = 1.5% micronized salt, M1.0% = 1.0% micronized
salt. SEM: Standard error of the mean.

It was observed that the sodium content in sample M2.0% was not significantly
different from the control sample. This was expected because both samples contained the
same amount of added salt, although the salt used in M2.0% was micronized; that is, the
particle size of the NaCl did not affect the quantification of ash and sodium when both RS
and MS were added to the same concentration of the sausages. On the other hand, since
NaCl is a mineral that constitutes ashes, it is expected that ashes decrease with lower NaCl
content, as observed in the 1.5% and 1.0% NaCl treatments. The same trend was observed
for sodium content.

The treatment with 1% NaCl (M1.0%) resulted in a significant reduction of 52.3% in
sodium levels compared to the control. This makes it a promising candidate to obtain the
“low sodium” label as per Regulation (EC) nº 1924/2006 [35]. This outcome is particularly
beneficial for consumers of fresh sausages as it can help reduce their exposure to high
sodium levels, lowering the risk of developing cardiovascular diseases, as suggested by
Ruusunen et al. [5].

Regarding TPA, the springiness of the burgers was not affected by the decrease in
sodium content. However, the samples’ hardness, cohesiveness, and chewiness showed a
significant reduction (as shown in Table 2). The importance of salt in meat products has
been extensively discussed in the literature. Sodium chloride (NaCl) dissolves myofibril
proteins in the meat matrix, which enhances the bonding capacity between water and fat,
resulting in a firmer texture profile [36]. The salt content reduction in the formulations
may have led to decreased extraction of myofibril proteins, resulting in reduced hardness,
cohesiveness, and chewiness. These findings are consistent with a previous study that
observed similar results in fresh sausages with reduced sodium content [37]. On the other
hand, when comparing sausages with equal salt content (treatments C and M2.0%), it is
possible to observe that using micronized salt leads to a decrease of eight units in chewiness.
This decrease may be attributed to the mixture of micronized salt with fat, which could
hinder the interaction between salt and myofibrillar proteins and ultimately affect the
texture of the sausage, as previously explained.
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3.2. Instrumental Color and Relative Myoglobin Content

Table 3 displays the instrumental color characteristics such as L*, a*, b*, C*, and H* and
the relative myoglobin content of fresh sausages with different concentrations of micronized
NaCl. Replacing regular salt (RS) with micronized salt (MS) and reducing salt content did
not affect the color responses a*, b*, C*, and H*. These findings are similar to those of a study
conducted by Honikel et al. [27] that examined the reduction of encapsulated salt in carnauba
wax in fresh sausages over 90 days of vacuum packaging and refrigerated storage.

Table 3. Instrumental color of fresh sausages.

Characteristics of
Raw Sausages

Treatments

C M2.0% M1.5% M1.0% SEM p-Value

Lightness (L*) 62.17 ab 63.91 a 62.65 ab 61.82 b 0.602 0.019
Redness (a*) 19.04 17.38 18.15 17.46 0.722 0.231
Yellowness (b*) 20.77 20.01 20.62 20.23 0.371 0.424
Chroma (C*) 28.19 26.51 27.47 26.74 0.748 0.295
Hue (H*) 47.63 49.06 48.65 49.29 0.674 0.163
Metmyoglobin (%) 31.64 b 36.59 ab 36.86 ab 37.89 a 1.422 0.018
Oxymyoglobin (%) 76.45 71.40 71.99 70.31 1.661 0.092

Different letters between mean values at the same row means statistical differences (p < 0.05). C = control
formulation, M2.0% = 2.0% micronized salt, M1.5% = 1.5% micronized salt, M1.0% = 1.0% micronized salt. SEM:
Standard error of the mean.

The study found no differences in instrumental color, indicating that reducing sodium
or using non-sodium salt in meat products does not hurt the final product’s color [38,39].
Conversely, the M1.0% treatment showed a lower L* value and a higher percentage of
metmyoglobin, as shown in Table 3, when compared to the other treatments (p < 0.05).
The lower L* values observed in this treatment are related to a higher concentration of
metmyoglobin. This change imparts a brown color to the meat product, reducing L*
values [40]. The decrease in L* values could be associated with the oxidative process of
lipids and proteins responsible for color deterioration in meat products [41]. In addition,
sodium reduction is responsible for altering the water retention capacity, impairing color
development due to changes in light dispersion by the meat matrix [5].

3.3. Microbiological Characterization

The microbiological quality of the fresh sausages formulated in this paper is safe for
human consumption according to the Brazilian regulations RDC No. 724, dated 1 July 2022,
and IN No. 161, dated 1 July 2022 [16]. The samples exhibited average values of <3.0 MPN
for Escherichia coli, mean counts of mesophilic aerobic bacteria at 2.4 × 1 103 CFU/g, and
the absence of Salmonella spp. in 25 g of sample.

3.4. Temporal Sensory Profile and Overall Liking

Figure 1 displays the TCATA citation curves for the fresh sausage samples. All
treatments exhibited a similar pattern in the initial 20 s of tasting. Attributes such as
juiciness, tenderness, and firmness received the highest citation proportions. However,
differences among the treatments became apparent when assessing the line thickness for
each attribute.

According to Castura et al. [32], an increase in line thickness indicates that a specific
attribute is more cited in one treatment than others. Treatments C and M2.0% exhibit
the highest proportions of salty flavor, as they contain the most NaCl. However, it is
noteworthy that micronized salt (M2.0%) increased tenderness compared to regular salt
(C). This phenomenon can be attributed to the improved penetration of salt into the meat
matrix and an increase in the extraction of myofibrillar proteins. Similarly, Aheto et al. [42]
observed great NaCl penetration in dry-cured pork when using NaCl crystals of 0.55 mm.
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tion), (B) = M2.0% (2.0% micronized salt), (C) = M1.5% (1.5% micronized salt), (D) = M1.0% (1.0%
micronized salt).

In treatment M1.0%, the salty attribute had the lowest proportions. However, the other
attributes exhibited behavior similar to samples C and M2.0%, indicating that the reduction
in salty taste did not significantly impact the consumers’ perceptions of the other attributes.
Among all the treatments, treatment M1.5% stood out, showing the highest citations for
juiciness and tenderness.

As mentioned by Rios-Mera et al. [10], reducing NaCl in beef burgers increased the
proportions of negative attributes. However, in contrast to this scenario, our study reduced
50% of NaCl without a high proportion of negative sensory attributes. These results suggest
that the use of micronized salt may be more effective in fresh sausages than in burgers.

Figure 2 illustrates the overall liking scores, revealing no statistically significant dif-
ferences among the treatments. The assessments conducted on a 9-point hedonic scale
converged to values close to 7 (like moderately). Even with a 50% reduction in sodium
content in the fresh sausages, consumers could not detect a difference compared to the
control treatment (C). Micronized salt appears to have played a significant role in this
outcome, intensifying the salty flavor in the low-sodium treatments.

The technique of using micronized salt represents a simple and easily applicable
approach in the food industry, utilizing an ingredient (NaCl) already present in the original
formulations. This technique involves the reduction of the size of salt particles, a process
that can be carried out using accessible equipment, such as a sieve, for example. In
light of this, the results obtained in this study are of utmost importance, highlighting the
feasibility of developing healthier products. These products can meet the demands for
foods with lower sodium content without compromising sensory acceptance and textural,
technological, and color characteristics perceived by consumers.
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4. Conclusions

The use of micronized salt (MS) enclosed within the fat layer has enabled a reduction of
sodium content of up to 50% in fresh sausages (M1.0%) without any significant changes in
technological, chemical, textural, and microbiological characteristics. When MS was combined
with fat, the chewiness of the product decreased in comparison to the control treatment at the
same concentration. As far as the sensory aspect is concerned, the TCATA attribute mentions
were similar for all the treatments, and consumers did not notice any differences in overall
liking. Additional research is needed to assess the oxidative behavior of proteins and lipids in
fresh sausages with reduced sodium content through micronization.
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