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The consumption of synthetic additives is associated with health risks to consumers, and the meat industry
seeks natural substitutes to extend the shelf life of products. The study aimed to evaluate the viability of natural
preservatives and stabilizers in seasoned chilled pork products, on yield, physicochemical, microbiological,
and sensory quality. Eight formulations (F) of lean pork cut (loin) were prepared, four prepared with dry curing
(D) and four with 15% wet curing (W). Formulations F1D, F1W, F2D, and F2W contained 1.5% of organic
acids, their salts, and peptides. F2D and F2W, in addition, acerola (0.3%) and beetroot (0.20%) extracts, and
F2W added yeast and citrus (0.7%) extracts. Controls C1S and C1U contained synthetic preservatives, and
C2S and C2U, no preservatives. The following were evaluated: centesimal composition, pH, color, water
activity (Aw), oxidative stability by the percentage of metmyoglobin and Thiobarbituric Acid Reactive
Substances (TBARS) index, microbiological stability, weight loss after cooking, and sensory acceptance. The
formulations complied with the legislation for centesimal composition, with higher moisture content for
samples with wet curing. The natural ingredients would provide Aw and pH close to those of synthetic
additives. F2D and F2W stood out in color. The samples presented microbiological and oxidative stability, and
the metmyoglobin formation rates were lower for F1D and F1W. The mixture of yeast and citrus extracts
provided lower cooking loss. Sensorially, the natural ingredients proved to be promising alternatives.
Therefore, the natural additives provided positive effects on yield, oxidative stability, and product acceptance.
Keywords: natural antioxidants, natural antimicrobials, clean label.

O consumo de aditivos sintéticos é associado a riscos a saide dos consumidores e a industria carnea busca
substitutos naturais para estender a vida util dos produtos. O estudo objetivou avaliar a viabilidade de
conservantes e estabilizantes naturais em produtos carneos suinos resfriados temperados, sobre o rendimento,
qualidade fisico-quimica, microbioldogica e sensorial. Foram elaboradas oito formulagdes (F) de corte suino
magro (lombo), quatro preparados com cura seca (S) e quatro com 15% de cura iimida (U). As formulagdes
F1S, F1U, F2S, F2U continham 1,5% de acidos orgénicos seus sais ¢ peptideos, F2S e F2U com adigdo de
extratos de acerola (0,3%) e beterraba (0,20%), F2U com adi¢do de extratos de levedura e citrico (0,7%).
Controles C1S e C1U continham conservantes sintéticos, e C2S ¢ C2U, nenhum conservante. Foram avaliadas
composi¢do centesimal, pH, cor, atividade de agua (Aw), estabilidade oxidativa pelo percentual de
metamioglobina e indice de TBARS, estabilidade microbioldgica, perda de peso apds cozimento e aceitagdo
sensorial. As formulagdes atenderam a legislagcdo para composi¢@o centesimal, com teor de umidade superior
para amostras com cura umida. Os ingredientes naturais proporcionariam Aw e pH proximos aos aditivos
sintéticos. F2S e F2U se destacaram na cor. As amostras apresentaram estabilidade microbiologica e oxidativa
e os indices de formagdo de metamioglobina foram inferiores para F1S e F1U. A mistura dos extratos de
levedura e citrico proporcionou menor perda de cozimento. Sensorialmente, os ingredientes naturais se
revelaram alternativas promissoras. Portanto, os aditivos naturais propiciaram efeitos positivos sobre
rendimento, estabilidade oxidativa e a aceitagdo dos produtos.

Palavras-chave: antioxidantes naturais, antimicrobianos naturais, clean label.
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1. INTRODUCTION

Pork is widely consumed in Brazil and worldwide, standing out for its nutritional value and
accessibility. However, it is a highly perishable food, with rapid deterioration caused by
physicochemical and microbiological reactions, such as lipid oxidation and contamination by
microorganisms [1, 2]. To extend its shelf life, the meat industry traditionally uses synthetic
preservatives, such as nitrates, nitrites, phosphates, and antioxidants. However, the continued use of
these additives has been associated with potential health risks, including toxic and carcinogenic
effects [3-5].

The growing consumer demand for healthier, more natural, and clean-label foods has driven the
search for alternatives to synthetic additives. In response, agribusinesses have been investing in the
development of seasoned and chilled pork cuts with natural ingredients, such as organic acids and
their salts, recognized for their antimicrobial and acidity-regulating action [6, 7]. In addition,
ingredients such as yeast extract contribute to water retention and oxidative stability [8], form strong
gels, improving the texture of meat products [9]. Another alternative, as a natural ingredient that has
shown interest and grown in recent years, is acerola extract, due to the presence of bioactive
substances with antioxidant, anti-inflammatory, and antimicrobial effects [10].

Despite the benefits in conservation provided using these natural compounds, synthetic chemical
preservatives also give a characteristic color to products, a color that is not achieved with the
application of natural compounds, and maintaining attractive colors is also important for food quality,
as it affects consumer acceptance and for this reason, the application of natural pigments can be an
alternative to improve the visual appearance of products. Among the pigments, with aesthetic
characteristics like those expected in pork meat products, betalain stands out, a nitrogenous pigment
that is highly soluble in water and abundant in beets [11]. The additive industry already offers
ingredients based on concentrated powdered beet extract, soluble in water, which, in addition to
betalain, are standardized with at least 30,000 ppm of natural nitrite [12], being an alternative cure
for the development of more natural products.

Although the individual benefits of these compounds are well documented, integrated studies
evaluating the combined effect of these ingredients in seasoned pork products are still scarce.
Therefore, it is essential to investigate their practical applicability, aiming to develop safer products
with longer shelf life and sensory acceptance, increasing the competitiveness of natural products in
the meat market. The present study aims to evaluate the feasibility of applying natural curing
ingredients, preservatives, stabilizers, and antioxidants in dry and wet seasoned chilled pork
products, to extend shelf life and maintain microbiological, physicochemical, and sensory quality
characteristics like conventional products.

2. MATERIAL AND METHODS

2.1 Material

The raw meat material, chilled boneless pork loin (longissimus dorsi), was supplied by Industries
of meat products Pepindo Ltda (Céu Azul, Parana, Brazil). The natural ingredients used as
preservatives were organic acids and their salts and peptides derived from natural fermentation
(SAFE PLATE 621), natural curing powdered beetroot extract (SAFE PLATE 300), natural
antioxidant powdered acerola extract (SAFE PLATE 34) and the stabilizer yeast extract and citrus
extract (PHA 700, all from the brand Wenda Ingredients (Sao Paulo, Brazil), supplied by BClarking
Ingredients Technology (Sdo Paulo, Brazil). The other ingredients for product development were
supplied by Conditec Indistria de Aditivos (Medianeira, Parand, Brazil). The reagents used in the
analyses were of analytical grade.

2.2 Processing of seasoned pork loin product

Eight seasoned pork loin formulations were prepared, divided equally between dry curing and
wet curing methods (with 15% brine injection). Four formulations were made for each curing type,
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two with natural preservatives in different combinations, and two controls (one with conventional
synthetic additives and the other without preservatives) (Table 1). The formulations were defined
based on pre-tests and prepared under standardized conditions of good manufacturing practices.

Whole chilled boneless loin pieces from the same production batch were separated by formulation
and processed separately. For the dry curing process, a mix of ingredients (Table 1) was prepared
and then mixed with the cuts by hand, rubbing the mix into the pieces. In the wet process, brines
(Table 1) were prepared and injected into the pieces with the aid of a syringe at a proportion of 15%
of the final product. Afterwards, the formulations were tumbled for 30 min (Tambler Dorit, VV-20,
Belgium). Subsequently, the 8 formulations were vacuum-packed and stored under refrigeration in a
BOD incubator at 7 = 1 °C for physicochemical, instrumental, microbiological, and sensory
evaluations. In addition to this temperature, samples were also stored at a temperature of 2+ 1 °C to
evaluate microbiological stability during shelf life.

Tabela 1: Formulations (F) for pork loin seasoned by dry cure (D) and wet cure (W) (15% injection ) with
natural with natural preservatives (F1D and FIW - Organic acids, their salts and peptides, and F2D -
Organic acids, their salts and peptides, Acerola, and Beetroot extracts, and F2W - Organic acids, their salts
and peptides, Acerola, Beetroot, and yeast extracts), synthetic preservatives (C1D and CIW)) and
preservative-free (C2D and C2W).

. Dry cure Wet cure

Ingredlents (%) F1D F2D C1ID C2D F1wW F2W C1W C2W
Pork loin 963 958 973 978 850 850 850 850
Salt 1.60 160 160 1.60 1.60 1.60 1.60 1.60
Seasoning (parsley, rosemary, oregano) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Dehydrated garlic 0.30 030 030 030 030 030 030 0.30
White pepper 0.02 0.02 0.02 0.02 0.02 002 0.02 0.02
Organic acids, their salts, and peptides 1.50 150 0.00 0.00 1.50 1.50 0.00 0.00
Acerola extract 0.00 020 0.00 0.00 0.00 020 0.00 0.00
Beetroot extract powder 0.00 030 0.00 0.00 0.00 030 0.00 0.00
Curing salt 0.00 0.00 0.25 0.00 0.00 0.00 025 0.00
Sodium erythorbate 0.00 0.00 0.25 0.00 0.00 0.00 0.25 0.00
Water - - - - 123 103 11.1 10.1
Polyphosphates - - - - 0.00 0.00 0.50 0.00
Yeast extract and citrus extract - - - - 0.70 0.70 0.00 0.00

2.3 Centesimal composition and physicochemical analyses

The analyses for centesimal composition were performed according to Adolfo Lutz Institute
(2008) [13]. Total lipids analyze was performed by the direct extraction method in Soxhlet (method
032/1V), the moisture content by drying in an oven at 105 °C until constant weight (method 012/1V),
proteins were determined by the Kjeldahl method with multiplication of the total nitrogen by factor
6.25 (method 037/IV), and ash by incineration in a muffle furnace at 550 °C (method 018/1V). All
samples were evaluated in triplicate.

The cooking weight loss (CWL) of the standardized 400 g samples (in triplicate) was determined
by cooking in an industrial oven at a temperature of 180 °C, to an internal temperature of 74 °C. The
percentage weight loss that occurred in the process was calculated by the difference in the weight of
the samples before and after cooking [14].

The physicochemical properties of color, pH, and water activity (Aw) were determined in raw
samples after preparation (time 0) and during shelf life at 15, 30, and 45 days, in triplicate. The
instrumental measurement of color was obtained by a colorimeter (Konica Minolta, CR 400, Osaka,
Japan) with D65 illuminant and a viewing angle of 10°. The data were expressed according to the
CIELAB system, evaluating the values of L* (luminosity), a* (red-green component), b* (yellow-
blue component), C* defined as saturation, and h°, which represents the hue [15]. The pH
determination was performed by a contact pH meter (HI 99163, Hanna Instruments Brasil, Barueri,
SP, Brazil), inserting the electrode inside the loin pieces until the reading stabilized. And Aw was
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determined using a water activity meter (4TE, Aqualab®, Sao Paulo, Brazil), at a temperature of
25 °C.

2.4 Oxidative stability

Oxidative stability of the samples was evaluated in triplicate by analyzing the TBARS
(Thiobarbituric Acid Reactive Substances) index and percentage of metmyoglobin formation during
the storage time at 7°C (0, 15, 30, and 45 days). The TBARS index was performed according to the
methodology of Tarladgis et al. (1964) [16] and modified by Honda et al. (1988) [17]. After
distillation with thiobarbituric acid 0.02 mol L™, the samples were heated in a water bath at 85 °C
for 35 min, followed by cooling and reading in a UV-Vis spectrophotometer (Lambda XLS,
PerkinElmer, Beaconsfield, United Kingdom) at 530 nm. The calibration curve was performed using
a 1,1,3,3-tetracthoxypropane (TEP) solution at a concentration of 0.004 to 0.4 mol L' (R2=0.9994).

The percentage of metmyoglobin formation was estimated according to Krzywicki (1982) [18]
with adaptations. The samples (10 g) were solubilized in 50 mL of phosphate buffer (40 mMol L)
at pH 6.8. The mixture was homogenized using an Ultra Turrax (IKA, T 18, Staulfen, Germany) at
6500 RPM for 30 min in an ultra-thermostatic bath (7lab, SSD-10L, Rio de Janeiro, Brazil) at 4 °C.
Subsequently, the homogenate was centrifuged in a refrigerated centrifuge (Cientec, CT S000R, Belo
Horizonte, Brazil) at 5000 g for 30 min at 4 °C. The supernatant was filtered with Whatman filter
paper No. 1, and the absorbance was read in a UV-Vis spectrophotometer (Lambda XLS,
PerkinElmer, Beaconsfield, United Kingdom) at 525, 572, and 700 nm.

2.5 Microbiological stability

The microbiological quality of the samples was evaluated after processing (time 0) and during
storage at 7 °C (15, 30, and 45 days) or while there was no deterioration, stored at temperatures of
2 °C and 7 °C. The samples were evaluated in triplicate for the presence of Salmonella spp. in 25 g
and mesophilic aerobes/g, as required by Normative Instruction No. 161 [19] for vacuum-packed
chilled seasoned pork, and thermotolerant coliforms. The procedures adopted were in accordance
with the Bacteriological Analytical Manual [20].

2.6 Sensory acceptance

Sensory analysis after sample preparation was performed with approval from the Human
Research Ethics Committee of UTFPR — Campus Medianeira (CAAE No. 67194923.0.0000.0165)
and after microbiological analyses that attested to the safety of the products. The samples were
evaluated by the hedonic scale test using a 9-point scale (1 = I disliked it very much and 9 =1 liked
it very much) to analyze overall acceptance and the attributes, color, appearance, aroma, flavor and
texture, and by the attitude scale test to evaluate purchase intention using a 5-point scale (1 =1 would
definitely not buy it and 5 = I would definitely buy it), by 120 untrained tasters in two sessions with
the same tasters, using a complete block design. The sensory tests were conducted in individual
booths with white fluorescent lamps, 7 days after sample processing. The samples were baked in an
oven until an internal temperature of 74 °C before being served, cut into standardized slices of
approximately 30 g, and served to the tasters in a random and balanced form, in disposable containers
coded with three random digits.

2.7 Data analysis Assessments of centesimal and physicochemical composition of samples

The data obtained were evaluated using analysis of variance (ANOVA, one-way) for data from
the physicochemical and instrumental analyses and ANOVA (two-way) for data from the sensory
analysis and the Tukey mean comparison test (significance p < 0.05). The results were expressed as
mean + standard deviation of the mean (SMD). All statistical analyses were developed with the
support of Excel for Windows software.
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3. RESULTS AND DISCUSSION

3.1 Assessments of centesimal composition and physicochemical properties of samples

The seasoned pork loin samples showed average protein contents between 20.48% and 21.39%,
with no significant differences (p > 0.05) between the treatments with natural preservatives (dry and
wet curing) and the controls (Table 2). The results are in accordance with Bertol et al. (2019) [21],
which indicate protein contents above 18% for lean cuts such as loin, and with the minimum
requirements of Brazilian legislation (> 16%) [22].

Table 2: Centesimal composition and cooking weight loss (CWL) of pork loin formulations (F) prepared by
dry (D) and wet (W) curing methods, with natural preservatives (F1D and FI1W - Organic acids, their salts
and peptides, and F2D - Organic acids, their salts and peptides, Acerola, and Beetroot extracts, and F2W -
Organic acids, their salts and peptides, Acerola, Beetroot, and yeast extracts), synthetic preservatives (C1)

and preservative-free (C2)

Samples Protein (%) Lipids (%) Moisture (%) Ash (%) CWL (%)
F1D 20.702+0.53 0.74%+0.01 70.64°+0.29 243%d1 005 34190 +2.62
F2D 21.392+0.12 0.254+0.02 71.95% +0.31 2.63%+0.03 30.11%+1.55
C1D 20.212+0.76 0.36°+0.01 70.01¢+0.72 2.75%+0.03 33.64%+1.80
C2D 20.762+1.22 0.822+0.01 70.84°+0.65 2.139+0.02 33.60% + 1.44
F1W 20.48 2+ 0.41 0.294+0.15 73.41*+0.40 2.37%+0.05 26.69°+0.71
F2W 20.532+0.68 0.12¢+0.02 73.08% £+ 0.66 3.242+0.05 25.62¢+1.13
C1wW 20.30*+ 0.63 0.284+0.04 74.04*+0.36 2.76°+0.05 26.01°+1.43
C2wW 20422+ 0.17 0.299+0.02 73.812£0.18 2.2194+0.32 34.523+0.23

*Mean =+ standard deviation (n=3) followed by different letters indicates a significant difference by Tukey's
test (p < 0.05).

As for lipids, a significant variation was observed between the formulations (p < 0.05) (Table 2).
The samples with brine showed a lower lipid content, which is expected due to the increase in
moisture. The lack of a pattern between the treatments can be attributed to anatomical variations or
in the preparation of the cuts [23]. In all cases, the fat content was less than 0.8%, below the
recommended 3% lipids for pork loins. It should be noted that Brazilian legislation does not establish
a maximum fat limit for the seasoned product [22].

Moisture contents were significantly higher (p < 0.05) in the wet-cured samples, ranging up to
74.1% (Table 2), reflecting the addition of brine. All formulations remained below the 75% limit
established by law [22]. Finally, ash contents ranged from 2.13% to 3.24%. The control samples
without additives (C2D and C2W) and those containing only organic acids and their salts (F1D and
F1W) presented lower mineral contents (p < 0.05), which can be attributed to the absence of
mineral-rich ingredients.

Weight losses during cooking were higher in dry-cured pork loin samples (30.11-34.19%)
(Table 2), except for F2D, which presented the lowest loss among these (p < 0.05). On the other
hand, wet-cured formulations with 15% brine injection and natural ingredients showed significantly
lower losses (p < 0.05), like samples with synthetic additives containing polyphosphates (C1W;
p > 0.05). These results demonstrate that the combination of yeast extract and citrus extract can
promote water retention comparable to synthetic phosphates. Yeast extract has a high protein content
[24], and therefore, it can act as an ingredient with high water-binding capacity [8, 25] and formation
of strong gels in meat products, having already shown promising effects in meat products such as
ham [9], improving yield and reducing cooked purge. The citrus extract enhances this effect [26].
Considering the growing search for “clean label” products, this performance reinforces the potential
of the formulation as a natural substitute for polyphosphates, whose adverse health effects have been
reported [5].

Table 3 shows the pH values of the eight seasoned pork loin formulations over 45 days of storage.
The formulations with natural preservatives maintained a stable pH between 5.6 and 5.8 in the first
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30 days, a range considered adequate for fresh pork, according to Bertol et al. (2019) [21]. During
storage at 7 °C, a greater variation in pH was observed between the 30th and 45th day, possibly
related to microbial growth. Lactic acid bacteria can reduce pH via fermentation [27], while
Gram-negative microorganisms such as Pseudomonas and Enterobacteriaceae can increase it through
protein degradation and ammonia release [28]. Despite the statistical differences, all formulations
remained within the expected range for fresh pork. The drop in pH in samples F2D and F2W may be
associated with the acidifying action of acerola, rich in vitamin C [29].

Table 3: pH and water activity of pork loin formulations (F) prepared by dry (D) and wet (W) curing
methods, with natural preservatives (F1D and FI1W - Organic acids, their salts and peptides, and F2D -
Organic acids, their salts and peptides, Acerola, and Beetroot extracts, and F2W - Organic acids, their salts
and peptides, Acerola, Beetroot, and yeast extracts), synthetic preservatives (Cl) and preservative-free (C2),
for 45 days of storage at 7 °C

Samples 0 day 15 days 30 days 45 days
pH*
F1D 5.70°A £ 0.07 5.63 B £0.02 5.69 A +0.03 5.53%B +0.02
F2D 5.60°® +0.01 5.60°® +0.02 5.76 >4 £ 0.01 5.50°€ +0.02
C1D 5.67%44 +0.01 5.75¢A £ 0.02 5.654% +0.02 5.2898 +0.09
C2D 5.559 +0.02 6.173 +£0.07 5.558+0.01 5.45¢B £ (.02
F1W 5.86 % £ 0.09 5.86%4 +0.07 5.659 +£0.01 5.62 B +0.01
F2W 5.85 £0.02 5.88%4+£0.03 5.85% +£0.04 5.49°B £ 1.05
C1w 5.77 ®A +£0.07 5.72 4% +0.03 5.82A + (.04 5.74 % £ 0.02
2w 5.62A +0.01 5.49 8+ 0.01 5.53 B+ 0.01 5.359C 1 (.04
Atividade de agua*
F1D 0.97822A +0.001 0.97322A + 0,002 0.9775% £ 0.002 0.9731 %A £ 0.000
F2D 0.978134 £ 0.001 0.9712°C £+ 0.000 0.9737 #8B€ £ 0.001 0.9756 *AB £ 0.001
C1D 0.9765 A + 0.000 0.9705°B + 0.002 0.9786 3 £ 0.000 0.9751 %A +0.001
C2D 0.9729°8 £ 0.002 0.97322°8 £ (0.000 0.9746 2B £ 0.004 0.9816% £ 0.001
F1W 0.9771 A £ 0.001 0.9772 %A £ 0.002 0.9784 34 £ 0.000 0.9749 *A £ 0.002
F2W 0.9727 *A £ 0.002 0.9737 A +0.002 0.9716 *A + 0.001 0.9737°%A £ 0.001
C1w 0.9794 3 £ 0.000 0.97552%8 £ 0.001 0.9761 4B + 0,001 0.9721°¢ £ 0.001
2w 0.9765 ®AB £ (.003 0.9726 2048 + 0.002 0.9764 %8 £ (0.001 0.981234 £ 0.001

*Mean + standard deviation (n=3) followed by different letters indicate significant difference by Tukey's test
(p <0.05); lowercase, between formulations (rows); uppercase, between storage times (columns).

Regarding water activity, dry-cured samples showed variations between 0.9705 and 0.9816, and
wet-cured samples, between 0.9716 and 0.9812 (Table 4), therefore showing similarity in relation to
the Aw of fresh pork, which is in the range of 0.97 and 0.98, depending on the cut [30]. Up to
30 days of storage, statistical differences (p < 0.05) were observed between times and between
formulations, but without a relevant pattern. However, at 45 days, the control formulations without
preservatives in both types of curing (C2D and C2W) presented higher Aw than the samples with
natural ingredients and synthetic additives. This change can be justified by the fact that these samples
exuded brine or endogenous water from the muscle during storage, and this water, in free form,
contributed to the increase in Aw, since according to Damodaran and Parkin (2017) [23], Aw
indicates the intensity with which water associates with non-aqueous constituents. Therefore,
considering this parameter, natural ingredients would provide stability close to that obtained with
synthetic additives.

Another parameter evaluated was the color. Table 4 presents the parameters L*, a*, b*, C*, and
h° for the eight formulations of dry and wet seasoned pork loin.
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Table 4: Color parameters of pork loin formulations (F) prepared by dry (D) and wet (W) curing methods, with natural preservatives (F1D and FI1W - Organic acids,
their salts and peptides, and F2D - Organic acids, their salts and peptides, Acerola, and Beetroot extracts, and F2W - Organic acids, their salts and peptides, Acerola,
Beetroot, and yeast extracts), synthetic preservatives (C1) and preservative-free (C2), for 45 days of storage at 7 °C
Parameter Samples'
(time - days) F1D F2D C1D C2D F1W F2wW C1w C2WwW
L* (0) 34349 +£1.07  41.73°B£051  36.74%C+£1.50 512284 +0.78 37.62°B+£0.77 37.23°B+£2.18 40.11°C+127 39.54>B+ 146
L* (15) 53.53®A+£224  4882%4+£1.13  5040°B+£1.14 53.00®4+£3.96 53.07%A+£049 51.87®A+£208 50.86°A+£1.13  57.65*A£3.05
L* (30) 51.77®A+£222  51.37®A+£135 55733 +1.09 56.26*A+0.80 55.18"A+£1.73  47.71*A+£289 4567B+1.28 54734+ 1.84
L* (45) 52.08%A+1.48 49.08%A+131 58.054+£0.96  44.12°8+0.65 5451°4£1.66 47469 +£0.72 50.03°4+£122 58494 +0.48
a* (0) 1.82°8 +0.26 2.09%B £ 0.25 4553B1£190  2.81%AB 1 (.64 1.31%8+0.77 1.86%4 £ 1.01 2.77%4B £ 1,19 0.73%8 +£0.21
a* (15) 4.19%4A £ 0.50 3.96 B £ (.37 7.502A £ 0.94 4.72%48 £ 1.21 3.83 %A +0.46 2304+ 1.15 3.83 %A 1+ 0.89 0.449 +0.19
a* (30) 427 +1.21 9.00°A £ 2.69 5.87 4B+ (22 2.25%8 +1.07 2.96%B £+ 0.63 3.23%4+1.80 2.55%48+0.18 2.19%4+0.92
a* (45) 0.85"8+0.53 3.26%48 £0.38 3.95%€+0.77 7.4234 £1.38 2.60b¢dABL 124 3.51%A+147 1.07¢B £ 044 2674 £0.42
b* (0) 2.519¥+0.29 5.3834 £ 0.29 5.172%<B +1.10 6.0724+0.19 3.51bdA+ 032 574+ 135 5.16%°B + (.47 3.16%9B + (.73
b* (15) 6.96%AB £ 0.27 7.53%B £ (.85 7.8734 £ 0.39 77134 +£1.52 5.8284+0.14 6.16°8+£0.19 6.63 %A +0.59 6224 +3.01
b* (30) 7.75%A4 +£0.32 9.00 A +2.09 9.27 3 £ (.82 7.213¢A+ (.94 6.25%°A+ (.90 8.13%A 1143 590548 1+ 136 4.18B+0.58
b* (45) 439 %48 1 (.38 6.813°4B+ (.20 8.1434 £ 0.31 6.97%A £ 1.37 47854 +£0.52 6.24 %8 +£ (.98 4.74°€ +£0.26 6.22%A +0.56
h° (0) 54.03%B £ 4,65 68.84%¢AL139  49.66BCL6.01 65.19%¢ABL563  69.93%¢A£10.62  71.50°%A+£ 991  62.46%°ABL 855  75.95% +7.42
h° (15) 58.973%B 1393  62.21°B+ 257 46.53°C £ 222 58.73%B£]1.56  56.77%A£2.62  70.03%4+£9.12  60.17%8+£6.27 85.75% + 1.46
h° (30) 61.50 B+ 596  4540°C+£222  57.54®AB 1321 7312244587  64.42%A+£5098  6824°A£1238  65.97%ABL558 622324+ 12,63
h° (45) 79404 £6.26 64468298  6428*A+£3.54  43.18"C+ 131 55.72%44£8.62  61.71®A+£747 77354 +£494  68.87%4+197
C* (0) 3.109¢ £ 0.29 5.77%<4B+ 036 6.92%8 £2.05 6.71*4£0.10 3.79%dB+£ 043  6.10®B+£1.27  5.90%AB£ (090  3.26 %A +0.65
C* (15) 8.14 A £ (.12 8.522bAB+ 0 84 10.882A+0.93 9.05%4+£1.92 6.97°4 +£0.36 6.63%2+£0.54 7.68%A £ 0.69 6.23%4 +£3.01
C* (30) 8.88 3b¢A 1 ().84 12,7334+ 3.37 10.9984 +£0.59  7.58%A+1.17 6.94%A £+ (.81 8.893¢A 1+ 121 6.44°AB + 121 4.80°A +0.30
C* (45) 4.49 9B 1+ 0.46 7.56°B+£ 0,18  9.06™B+061 10.18*A+1.93 5.82¢0A £ 0,04  7.19°A 1+ 153 4881030  6.77" £ 0.66

'"Mean =+ standard deviation (n=3) followed by different letters indicate significant difference by Tukey's test (p < 0.05); lowercase, between formulations (columns);
uppercase, between storage times (lines).
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Analyzing the L* parameter, which represents the brightness of the samples on a scale ranging
from black (0) to white (100) [15], variations in the range of 34.34 to 58.49 can be observed (Table 6).
The L* values in the samples ranged from 34.34 to 51.22; lower L* values were found in the F1D
and C1D, F1W, F2W formulations, with no effect related to the ingredients used. During storage,
after 15 days, there was a significant increase in the L* values for all samples with the addition of
natural preservatives, which had a similar behavior to the control samples with synthetic
preservatives and to the C2W samples, without preservatives, for both types of curing, with values
in the range of 44.12 to 58.49. Fresh pork presents L* values that vary greatly according to the
literature, but the American Meat Science Association (AMSA) considers L* values between 49 and
60 within the quality standards for pork. Brewer et al. (2001) [31] obtained L* of 51.31 for
longissimus thoracis et lumborum (10th rib), while for triceps brachii, L* was 39.93. Santos et al.
(2012) [32] evaluated the effect of marination on L* values of pork with different pH values and
obtained L* values in the range of 45.5, and found no significant variation in relation to the L* values
for fresh meat. The wide range of variation obtained in the present work can be attributed to intrinsic
factors that alter the amount of sarcoplasmic proteins such as race, muscle fiber type, genetics, among
others [23] or operational factors, such as sample standardization [32], because the sample is a whole
cut and despite being the same muscle, according to Lawrie and Ledward (2006) [33] and Bertol et
al. (2019) [21], the amount of myoglobin in a muscle can vary hundreds of times in a space of one
centimeter away due to changes in fiber types in the same muscle.

Regarding the parameter a* for the dry-cured formulations, F2D and C1D, as well as for the
wet-cured formulations, F2W and C1W obtained higher values (p < 0.05), probably due to the
reddish coloration conferred by the beetroot extract in F2 and the curing salts in C1. However, the
values obtained (Table 4) were lower than those reported by Santos et al. (2012) [32] for marinated
pork, with an average value of a* of 12.67. A similar behavior was observed among the samples for
the parameter b*. However, in the dry-cured samples, the control without preservatives presented the
highest value of b*, followed by the formulations F2 and C1 of both cures. The results obtained in
the present study for the parameter b* were close to those obtained by Santos et al. (2012) [32]
(b*=3.14).

The values of a* and b* (Table 4) were used to calculate the Hue angle (h°), considered the
qualitative color attribute. The Hue angle allows comparing samples and is calculated as tan™! b*/a*.
The 0° angle represents the red color and the 90° angle, the yellow color [15]. The values obtained
with marination can be observed in Table 4. In dry curing, the F2D formulation obtained the highest
value, with no significant difference from the control without preservatives (C2D). For the wet-cured
formulations, there was no significant difference between the samples with natural preservatives
(FIW and F2W) in relation to the controls, with and without additives (C1W and C2W). With the
storage time for the samples cured via the wet method, the control with additives had an increased h°
value with the increase in the storage period, while for FIW and F2W, there were no significant
changes (p > 0.05). In the dry cure, Fls had a significant increase on the 45th day, but remained
stable until 30 days, and F2D, despite significant changes over the course of 45 days, maintained
values close to or below those obtained on day 0. These results demonstrate a positive effect of
natural ingredients on the product's hue in both curing processes.

Similar behavior to that observed in h® at time 0 was observed for color saturation (C*). C* is
directly linked to the concentration of the coloring element and represents a quantitative attribute for
intensity. A higher value chroma indicates a greater saturation of the colors perceptible to humans.
Neutral colors have low saturation, while pure colors have high saturation and, therefore, are brighter
in human perception [15]. Regarding storage time, in general, an increase in C* values can be
observed on the 15th and 30th day, with a reduction on the 45th day, suggesting a decrease in the
amount of pigment that may have occurred together with water losses due to exudation, considering
that myoglobin is a water-soluble pigment [21, 23]. It is noteworthy that at time 0, the F2
formulations presented C* values equal to the control with the addition of synthetic preservatives
(C1) for both cures. Meanwhile, at 45 days, for dry curing, the same behavior was observed, and in
the wet curing, the C* value obtained for F2W was even higher than C1W.
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3.2 Oxidative stability of samples

The results of the oxidation analysis indicated that all seasoned pork loin formulations presented
low TBARS levels during the 45 days of storage (Table 5), remaining below the sensorially
perceptible limit. According to Olivo and Shimokomaki (2001) [34], values lower than 1 mg of MDA
kg™' do not confer residual rancid flavors or odors associated with lipid oxidation. Formulations F2D
and F2W stood out, as they presented the lowest malonaldehyde levels at the end of the evaluated
period, with no significant increase over time. This result may be associated with the presence of
acerola extract, known for its antioxidant capacity. Previous studies, such as those by Realini et al.
(2015) [35], also observed similar effects, suggesting its effectiveness in the oxidative stabilization
of meat products. The mechanisms of action of acerola bioactive compounds include hydrogen atom
donation by phenolic compounds, free radical stabilization by tocopherols, oxygen scavenging, and
synergistic action of ascorbic acid [36]. These findings confirm the potential of acerola extract as an
effective natural antioxidant for application in seasoned and refrigerated meat products.

Table 5: Oxidative stability of pork loin formulations (F) prepared by dry (D) and wet (W) curing methods,
with natural preservatives (F1D and FIW - Organic acids, their salts and peptides, and F2D - Organic
acids, their salts and peptides, Acerola, and Beetroot extracts, and F2W - Organic acids, their salts and

peptides, Acerola, Beetroot, and yeast extracts), synthetic preservatives (Cl) and preservative-free (C2), for
45 days of storage at 7 °C

Samples 0 day 15 days 30 days 45 days
TBARS Index* (mg of malonaldehyde. kg™")
F1D 0.1928 £ 0.0032 0.03 €+ 0.0011 0.08 *B€ + (0.0042 0.47 * £ 0.0097
F2D 0.11°4 £ 0.0045 0.02 B £ 0.0005 0.06 A8 £0.0040 0.01 8 +0.0004
C1D 0.06 B +0.0063 0.04 2B + (0.0007 0.053<B £ (.0017 0.32 %4 +£0.0099
C2D 0.11 ®°B £ 0.0053 0.042°<C £ 0.0007 0.062°°B€ £0.0009 0.21°4+£0.0027
F1W 0.21 34 £ 0.0062 0.03°B +0.0014 0.03°B +0.0016 0.05 9B £ 0.0005
F2wW 0.152%°A +0.0026 0.03%B +0.0015 0.02°B £ 0.0008 0.03 98 + 0.0004
C1w 0.152%°A +0.0036 0.05 2A £+ 0.0007 0.092 £ 0.0033 0.06 4 +0.0007
2w 0.15%°A + 0.0036 0.06 *8 + 0.0024 0.02 °B + 0.0008 0.11°4+£0.0013
Metamyogobin formation (%)
F1D 66.20 ¢ +1.30 74.68 A £ 0.35 65.26°C +0.55 68.76°8 + 1.54
F2D 76.35% +0.12 73.10%B +£0.51 71.052<B £ 0.90 71.96°€ £ 0.79
C1D 70.45 A £ 0.61 69.37°AB £ 0.54 67.962B £ 0.47 68.68"4B £ 213
C2D 74.41%4 £ 0.84 75.31% £0.58 71.35%¢<B £ (.65 68.35°C+£2.59
F1W 67.64 98 £ 0.98 67.17 B £1.86 70.3625°A £ 233 65.01 B+ 1.06
F2wW 73.96%8 £ 1.17 75.27 * £0.48 73.10%°8 £ 0.41 73.90%8 £ 0.67
C1w 71.35°4+0.86 68.63 B+ 0.67 67.54 >B + 8.09 67.02 °B + (.53
2w 70.98 < £ 0.46 73.18 ®AB £ 0.29 74.49° + 1.84 71.99 3B€ £ 0.81

*Mean =+ standard deviation (n=3) followed by different letters indicate significant difference by Tukey's test
(p <0.05); lowercase, between formulations (rows); uppercase, between storage times (columns).

Metmyoglobin is formed due to the oxidative process of the myoglobin pigment, causing a brown
coloration in the meat, indicating its oxidation. This coloration is undesirable and may therefore
cause rejection by consumers [21]. At the initial time (day 0), the average metmyoglobin percentages
in the seasoned pork loin samples ranged from 66.20% to 76.35% (Table 5). Formulations F1D and
F1W, prepared with organic acids and their salts, presented metmyoglobin levels equal to or lower
than the respective control samples (C1D and C1W) with synthetic antioxidants, during the 45 days
of storage. Formulations F2D and F2W — containing acerola extract and beetroot extract —
presented higher metmyoglobin values, possibly influenced by the presence of the natural colorant,
with no correlation with greater lipid oxidation (Table 9) or microbial growth (Table 5). According
to Bertol et al. (2019) [21], microbial activity reduces oxygen tension in the tissue, favoring the
formation of deoxymyoglobin, which can subsequently be oxidized to metmyoglobin in the presence
of peroxides.
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In the wet-cured samples, except for C1 W, there was an increase in metmyoglobin formation up
to 15 or 30 days, followed by a decline at 45 days (p < 0.05). For the dry-cured samples, a continuous
reduction trend was observed, which may be related to the loss of water and, consequently, of
myoglobin, a water-soluble pigment [23]. This behavior highlights the influence of natural
ingredients and storage conditions on the color stability of refrigerated seasoned meat products.

3.3 Quality and microbiological stability of seasoned loin samples during shelf life

All seasoned pork loin formulations met the microbiological criteria established by Normative
Instruction No. 161 of the Ministry of Agriculture and Livestock [19], with a total absence of
Salmonella spp. (25 g) in all treatments, regardless of the storage temperature or time evaluated
(Table 6). Regarding thermotolerant coliforms, including Escherichia coli, the results remained
below the legal limit of 10° CFU g™ [19] until the 30th day of storage at 7 °C for all formulations.
An increase in microbial levels was observed between the 30th and 45th day, especially in the wet-
cured formulations, possibly due to the greater availability of free water resulting from the injection
of brine. Reducing the temperature to 2 °C was effective in slowing microbial growth, keeping levels
within regulatory limits up to day 37 for all formulations tested. These findings demonstrate that the
use of natural ingredients, combined with temperature control, can maintain the microbiological
safety of the product throughout most of its shelf life.

The results for the aerobic mesophilic count (CFU g™') in pork loin samples with synthetic
additives replaced by natural sources, subjected to temperatures of 2 °C and 7 °C, can be seen in
Table 6. In chilled products, the presence of aerobic mesophilic microorganisms indicates the
hygiene conditions of the process, which, when not carried out properly, results in an increase in the
count [37]. By law, the aerobic mesophilic count must not exceed 106 CFU g™ [19]; values above
this indicate the product is outside the ideal hygienic-sanitary conditions for pork.

For aerobic mesophilic bacteria, the highest values were verified when the samples were stored
at 7 °C. At this temperature, for the time intervals tested, the samples were suitable for consumption
up to the 15th day of storage, regardless of the use of chemical or synthetic preservatives. However,
when subjected to storage at a temperature of 2 °C, the F2W formulation was suitable for
consumption up to the 30th day, while F2D up to 45 days of storage, as established in legislation
[19].

It is noteworthy that both samples, F2D and F2W, presented in their formulation natural
ingredients, organic acids, their salts and peptides that exhibit antimicrobial activity, in addition to
regulating acidity and controlling water activity [6, 7], yeast extract with the ability to reduce
microbial growth performance, in addition to its antioxidant capacity [8], acerola extract with the
presence of bioactive substances with antioxidant, anti-inflammatory and antimicrobial effects [10],
and beetroot extract powder with at least 30,000 ppm of natural nitrite [12], indicating superiority in
shelf life even in relation to samples made with synthetic additives.



LS. Souza et al., Scientia Plena 21, 121502 (2025) 11

Table 6: Count of thermotolerant coliforms (NMP g”') and aerobic mesophilic count in pork loin
formulations (F) prepared by dry (D) and wet (W) curing methods, with natural preservatives (FI1D and FIW
- Organic acids, their salts and peptides, and F2D - Organic acids, their salts and peptides, Acerola, and
Beetroot extracts, and F2W - Organic acids, their salts and peptides, Acerola, Beetroot, and yeast extracts),
synthetic preservatives (C1) and preservative-free (C2), for 45 days of storage at 2 and 7 °C

Sample Storage time (days) at 7 °C
0 15 22 30 37 45
Count of thermotolerant coliforms (NMP g'!)
F1D <3.0 <3.0 n.d. <3.0 n.d. <3.0
F2D <3.0 <3.0 n.d. <3.0 n.d. <3.0
C1D <3.0 <3.0 n.d. <3.0 n.d. 34
C2D <3.0 <3.0 n.d. <3.0 n.d. 3.2
F1wW 34 <3.0 n.d. 23.0 n.d. > 1100
F2wW 3.2 <3.0 n.d. 21.7 n.d. 230.0
C1wW 13.7 <3.0 n.d. <3.0 n.d. 86.3
C2W 4.4 <3.0 n.d. <3.0 n.d. 386.7
Mesophilic aerobic count (CFU g!)
F1D 2.3x10% 2.8x10° n.d. 5.6x10° n.d. 3.1x107
F2D 7.0 x 10? 6.8x 103 n.d. 2.7x 10° n.d. 3.6x 107
C1D 1.3x 10? 6.8 x 10° n.d. 2.4 x 107 n.d. 3.8x 107
C2D 6.0x 102 2.7x 10 n.d. 1.5x 107 n.d. 4.8 x 107
F1W 6.7x 103 3.2x 108 n.d. 3.5x 107 n.d. 7.4x 107
F2W 6.8x 103 1.0x 103 n.d. 5.7x 107 n.d. 7.3x 107
C1wW 1.6x 103 3.7x 10 n.d. 6.6x 107 n.d. 6.4x 107
C2WwW 4.9 x 10? 23x 10° n.d. 3.6 x 10° n.d. 2.1x 107
Storage time (days) at 2 °C
0 15 22 30 37 45
Count of thermotolerant coliforms (NMP g'!)
F1D 9.2 <3.0 3.2 <3.0 <3.0 <3.0
F2D <3.0 <3.0 <3.0 <3.0 <3.0 <3.0
C1D <3.0 3.0 <3.0 <3.0 <3.0 <3.0
C2D 3.9 34 <3.0 3.0 5.0 3.0
F1W 34 3.0 9.3 <3.0 <3.0 <3.0
F2wW 9.3 <3.0 <3.0 <3.0 <3.0 <3.0
C1wW <3.0 <3.0 <3.0 <3.0 <3.0 <3.0
C2W 7.3 34 1.1x10 3.0 3.2 3.0
Mesophilic aerobic count (CFU g!)

F1D 2.1x10* 3.3x 10 4.0x 10* 3.9x 10° 2.1x 107 2.2 x 107
F2D 2.5x 10* 2.6x 10* 6.1 x 10* 3.4x10* 2.0x 10* 4.2 x 10*
C1D 2.4x 10 3.3x 10 4.6 x 10* 7.4 x 10* 1.9 x 107 2.8x 10°
C2D 2.7x10* 4.4 x10* 6.3x10° 3.9x10° 2.2x 107 2.1x10°
F1W 3.0x 10* 1.1x 108 1.5x 10° 8.2x 10° 2.9x 107 7.5x 107
F2W 1.3x10* 3.1x 104 22x10° 3.2x 10 1.1x107 1.1x107
C1wW 1.4x10* 1.1x 10 4.1x10° 8.3x10° 1.6 x 107 2.2x107
C2WwW 4.7x 10* 2.1x10° 6.4 x 10° 1.3x 107 2.3x 107 1.2x 108

n.d.: not determined.
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3.4 Sensory acceptance of samples

The tasting team was composed mostly of young people (83.9% up to 25 years old), with a gender
balance (51.7% female) and high levels of education (91.5% studying or having completed higher
education). All participants were pork consumers, with 51.7% reporting weekly or daily
consumption. The results (Table 7) indicated greater overall acceptance for the F2D and F2W
formulations (p < 0.05), with averages close to 8 (“I liked it a lot”) for the attributes color, appearance,
odor, flavor, and texture. The presence of beetroot extract in these formulations contributed to a more
intense reddish color, as shown by the high C* and h°® values observed (Table 4), which favored
visual acceptance. Beetroot, rich in natural nitrite and betalains, has been indicated as an alternative
to synthetic curing salts for color stabilization in meat products [38, 39]. In addition, the distribution
of overall acceptance scores was concentrated between 7 and 9 for F2D and F2W (Figure 1),
revealing homogeneity in the evaluations and highlighting the sensory potential of the natural
ingredients used.

Table 7: Sensory acceptance of pork loin formulations (F) prepared by dry (D) and wet (W) curing methods,
with natural preservatives (FI1D and FIW - Organic acids, their salts, and peptides, and F2D - Organic
acids, their salts and peptides, Acerola, and Beetroot extracts, and F2W - Organic acids, their salts and
peptides, Acerola, Beetroot, and yeast extracts), synthetic preservatives (Cl) and preservative-free (C2)

Sample Attributes Overall
Color Appearance Smell Taste Texture acceptance
F1D 6.83°+1.79 6.86°+£1.83 7.14*+1.64 746" +1.64 730%°+1.61 7229+£1.60
F2D 7.92®+£1.08 7.98*+£1.02 8.14*+1.02 826%+092 817*+1.01 8.16+0.83
C1D 7.13%+£1.23 693%°+136 7.22°%°+139 7.18°+£141 734°+£132 741%+£1.14
C2D 6.97°+1.59 6.98%+152 7.14*+148 7.16°£1.54 737%+149 7279+1.34
F1W 6.70°+£1.65 6.87°+£1.70 6.93°+1.74 7.08°+£1.75 7.01°£1.64 7.009+£1.58
F2W 820°+091 8.182+098 8.12*+£1.08 820*+£0.97 8.322+098 8.28*+0.80
C1W  748°+138 741°+135 7.52%°+£134 7.79%®+147 754°+1.65 7.77%+1.17
2w 6.72°+1.56 6.86°+1.54 7.06*+156 698°+1.82 7.09*=£1.69 7.069+1.41

*Mean + standard deviation (n=120) followed by different lowercase letters indicate significant difference by
Tukey's test (p < 0.05) between formulations (rows).
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The purchase intention of the samples was also assessed, with scores from 1 to 5 (1 - certainly
would not buy, and 5 - certainly would buy), as shown in Figure 2.

70
60
= 50
3 40
[72]
If 30
20
10
0 —I [ | l —. — I
FI1D F2D CID C2D FIW F2W CIW C2W
Samples

m [ certainly wouldn't buy B Probably wouldn't buy
I'm not sure if I would buy it or not ®[ would probably buy
I would definitely buy

Figure 2: Scores obtained for the purchase intention of pork loin formulations (F) prepared by dry (D) and
wet (W) curing methods, with natural preservatives (F1D and FIW - Organic acids, their salts and peptides,
and F2D - Organic acids, their salts and peptides, Acerola, and Beetroot extracts, and F2W - Organic acids,

their salts and peptides, Acerola, Beetroot, and yeast extracts), synthetic preservatives (C1) and
preservative-free (C2).

The results of the purchase intent scale confirmed a higher purchase intention for the F2D and
F2W samples (p < 0.05), comparable to the sample with synthetic additives (C1 W). This shows that
the combination of natural ingredients (organic acids, salts, peptides, acerola extract, beetroot, and
yeast) guarantees sensory acceptance equivalent to or superior to that of products with synthetic
additives.

4. CONCLUSION

The use of natural ingredients, including yeast extract. citrus extract. acerola extract. beetroot
extract. and organic acids with their salts and peptides, proved to be a viable alternative to synthetic
additives in the preparation of chilled and seasoned pork loins. by dry and wet curing. The
formulations proposed complied with current legislation. with a protein content of over 20%.
moisture below 74.4%. and low lipid levels (<0.82%). The pH and water activity (Aw) behavior
indicated stability like that obtained with synthetic preservatives. The F2 samples (with beetroot
extract) stood out positively in terms of color (C* and h°). with values close to the synthetic controls
and good visual stability during storage. The addition of the yeast and citrus extract blend contributed
to higher yield and lower cooking losses. even without the use of polyphosphates. increasing the
competitive potential of natural products in the market. All formulations maintained low levels of
lipid oxidation (TBARS) and metmyoglobin up to 45 days. with emphasis on F2 and F1. in both cure
types. with performance like controls with synthetic antioxidants. Although the natural ingredients
did not significantly inhibit microbial growth at 7 °C after 15 days. But refrigeration at 2 °C ensured
microbiological stability for up to 45 days (dry curing) and 30 days (wet curing). Sensorially. the
products made with natural compounds showed high acceptance for all attributes evaluated.
confirming their potential as promising technological alternatives for the preservation and
valorization of seasoned pork cuts with clean label appeal.
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