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ORIGINAL ARTICLE

Hovenia dulcis T. extract
and Glycyrrhiza glabra as
natural antioxidants in
Bologna-type mortadella

ABSTRACT: Pseudo-fruits of Hovenia dulcis T. are sweet-tasting, edible, and
contain numerous nutrients and a significant amount of phenolic compounds,
which could serve as a source of natural antioxidants. In this context, this
study aimed to evaluate the addition of H. dulcis T. extract and licorice root
extract (licrezz™) in the formulation of Bologna-type mortadella and to
investigate the inhibition of lipid oxidation during cold storage, to assess their
antioxidant properties. Mortadella samples were prepared in duplicate with
sodium erythorbate (control), licrezz™ (commercial extract from Glycyrrhiza
glabra), and H. dulcis extract, at a concentration of 0,1%. The samples were
evaluated for proximate composition, microbiological characteristics, texture
profile, lipid oxidation, nitrite content, instrumental color, pH, and water
activity. Mortadella with H. dulcis extract did not show significant differences
from the control in terms of proximate composition, microbiological
characteristics, or texture profile. However, they exhibited slightly lower, but
comparable results in the Thiobarbituric Acid Reactive Substances (TBARS)
assay during the 28 days of refrigerated storage. The control and H. dulcis
extract samples showed approximately a ninefold increase in TBARS values by
the end of storage, while licrezz™ showed a twenty-sixfold increase. On the
other hand, H. dulcis extract exhibited similar behavior to licrezzTM regarding
residual nitrite content. Thus, H. dulcis pseudo-fruits extract shows potential
for use as a natural antioxidant in emulsified meat products, alone or in
combination with Glycyrrhiza glabra.

Keywords: antioxidant; Bologna-type mortadella; emulsified meat product;
lipid oxidation.

Extrato de Hovenia dulcis T. e Glycyrrhiza
glabra como antioxidantes naturais para
mortadela tipo Bologna

RESUMO: Os pseudofrutos de Hovenia dulcis T. sGo doces, comestiveis e contém
vdrios nutrientes e uma quantidade significativa de compostos fendlicos, que
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podem servir como fonte de antioxidantes naturais. Nesse contexto, este estudo
teve como objetivo avaliar a adi¢do de extrato de H. dulcis T. e extrato de raiz de
alcacuz (licrezz™) na formulacdo de mortadela tipo Bologna e investigar a inibicdo
da oxidacdo lipidica durante o armazenamento a frio, para avaliar suas propriedades
antioxidantes. Amostras de mortadela foram preparadas em duplicata com eritorbato
de sddio (controle), licrezz™ (extrato comercial de Glycyrrhiza glabra) e extrato de
H. dulcis, todas na concentracdo de 0,1%. As amostras foram avaliadas quanto a
composicédo centesimal, caracteristicas microbioldgicas, perfil de textura, oxidacdo
lipidica, teor de nitrito, cor instrumental, pH e atividade de dgua. A mortadela com
extrato de H. dulcis ndo apresentou diferencas significativas em relagcéo ao controle
em termos de composicdo centesimal, caracteristicas microbioldgicas ou perfil de
textura. No entanto, ela exibiu resultados ligeiramente mais baixos, mas comparaveis,
no ensaio de Substdncias Reativas ao Acido Tiobarbiturico (TBARS) durante 28 dias de
armazenamento refrigerado. As amostras de controle e extrato de H. dulcis mostraram
um aumento de aproximadamente nove vezes nos valores de TBARS ao final do
armazenamento, enquanto o licrezz™ mostrou um aumento de vinte e seis vezes. Por
outro lado, o extrato de H. dulcis exibiu comportamento semelhante ao licrezz™ em
relacdo ao conteudo residual de nitrito. Assim, o extrato de pseudofruto de H. dulcis
mostra potencial para uso como um antioxidante natural em produtos de carne
emulsionados, sozinho ou em combinacgdo com Glycyrrhiza glabra.

Palavras-chave: antioxidante; mortadela tipo Bologna; oxidacdo lipidica; produtos de
carne emulsionados.

1Introduction

Mortadella is extremely susceptible to lipid oxidation due to its fat content of
up to 30%. Additionally, the high temperatures involved in its thermal treatment further
promote oxidation. Therefore, the quality of meat products is directly linked to the
influence of lipid oxidation (Biasi et al., 2023; Dominguez et al., 2019; Santos et al., 2023).

Lipid oxidation is a process that involves multiple mechanisms, with highly complex
reactions and interactions between substrates and catalysts. Intrinsic factors (such as
meat composition) and extrinsic factors (such as processing and storage conditions) can
promote or inhibit oxidative reactions. Meat and meat products are complex matrices, with
a composition that makes them susceptible to oxidation processes. Oxidative processes
in lipids, proteins, pigments, and vitamins are frequent and interrelated, negatively
affecting meat quality, including changes in color and texture, rancidity development,
nutrient losses, and the formation of toxic compounds (Dominguez et al., 2019). Thus,
the inhibition of lipid oxidation is a major concern in the storage of meat products.

Synthetic antioxidants play a critical role in preventing oxidative reactions, delaying
quality deterioration, and extending the shelf life of meat products (Kumar et al., 2015).
However, the toxicological effects associated with the consumption of synthetic
antioxidants have not been fully explained, and conflicting results have been reported in
animal studies (Yehye ef al., 2015). Additionally, the potential carcinogenic activity of
synthetic antioxidants commonly used in the meat industry has indirectly contributed to
the growing interest in natural antioxidants, which are increasingly attracting the attention
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of both consumers and researchers (Chandra et al., 2014). Consumers have increasingly
preferred foods processed with “natural ingredients or raw materials” (Baldin et al., 2016).

Natural antioxidants, particularly those obtained from unexplored sources, are
garnering increased attention due to their health benefits and potential applications
across various sectors, including the food, pharmaceutical, and chemical industries,
while also addressing environmental and economic concerns related to agribusiness
(Kumar et al., 2015). Potential sources of natural antioxidants include extracts from
plants, such as Hovenia dulcis T. (Rhamnaceae), which produces sweet-tasting edible
pseudo-fruits rich in nutrients (Carvalho, 1994; Maieves et al., 2015). Studies indicate
pseudo-fruits have an inhibitory effect on lipid oxidation due to their high content of
phenolic compounds (Sehn ez al., 2021; Xiong et al., 2012). When harvested at different
maturation stages and evaluated for antioxidant potential, pseudo-fruits demonstrated
high antioxidant potential in vitro, particularly in the early stage of maturation, where
higher levels of ascorbic, citric, and tartaric acids were observed (Maieves et al., 2015).

Another plant extract is licrezz™ from licorice (Glycyrrhiza glabra), an herb
used for centuries as a food flavoring and medicinal additive to treat major human
diseases. Licorice contains a variety of bioactive molecules, such as different phenolic
compounds (Li ef al., 2017) and the saponin glycyrrhizin, which exhibits biological and
pharmaceutical properties, including immunoregulatory, anti-inflammatory, anti-viral,
anticarcinogenic (Quintana, et al., 2019), and antifungal activities (Fatima et al., 2009),
as well as antioxidant and antimicrobial properties (Thakur et al., 2016).

Furthermore, licorice root contains important phenolic compounds with high
antioxidant activity. Some of these compounds include glabridin, hispaglabridin
(A and B), 4’-O-methylglabridine, isoprenylchalcone, isoliquiritigenin, and formononetin
(Li et al., 2013; Martins et al., 2015). Additionally, Kong, Zhang and Xiong (2010)
reported that licorice root extract, along with many other herb and spice extracts, was
highly effective in inhibiting lipid oxidation in fresh meat during cold storage.

Therefore, this study aimed to evaluate the addition of Hovenia dulcis T. extract
and licorice root extract (licrezz™) in the formulation of Bologna-type mortadella and
to investigate the inhibition of lipid oxidation during cold storage compared to sodium
erythorbate, which is commercially used as an antioxidant agent.

The remainder of this paper is structured as follows: Section 2 outlines the
experimental procedures used in the development of this project, Section 3 discusses
the results obtained and their correlations with other published works, and Section 4
presents the main conclusions of this research.

2 Material and methods

The Hovenia dulcis T. extract was prepared following the methodology described
by Larrauri, Rupérez, and Saura-Calixto (1997), with modifications. Water was used
as the solvent, in a ratio of 1.5:10 (m/v). The mixture was stirred at 40 rpm in a shaker
(Lucadema, Luca-223, Brazil) for 60 minutes at 30 °C. It was then filtered using Whatmann
quantitative filter paper n° 40 (GE Healthcare), and the filtrate was stored in a container
wrapped in aluminum foil and frozen in an ultra-freezer at —18 °C until application.

The antioxidants sodium erythorbate, licrezz™ (extracted from licorice root), and the
other ingredients (sodium caseinate, curing salt, salt, sodium polyphosphate, mortadella
condiments, and cochineal carmine) were provided by ICL Brazil. The raw materials
(pork, beef, pork fat, cassava starch, and ice) were purchased from local stores.
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Mortadella was prepared in duplicate batches for each treatment, with the only
difference being the antioxidant: 0.1% sodium erythorbate (control); 0.1% licrezz™,;
and 0.1% Hovenia dulcis extract. The formulation consisted of pork (52%), beef (21%),
pork back fat (17%), ice (4%), sodium caseinate (1.5%), curing salt (nitrite, nitrate,
and salt) (0.13%), salt (1.0%), sodium polyphosphate (tetrasodium pyrophosphate,
sodium acid pyrophosphate, and potassium metaphosphate) (0.3%), cassava starch (2%),
cochineal carmine dye (0.02%), and mortadella spices (salt, red pepper, black pepper,
natural flavor of spices, and natural smoked flavor) (1%).

Mortadella paste was obtained by homogenization of all ingredients in a cutter
(Frigomagq, Brazil) until fully mixed, maintaining the temperature below 10 °C.
The mixture was then stuffed into plastic casings of 6 cm in diameter, weighing
approximately 100 g. All mortadella batches were cooked in a water bath for
1 hour and 45 minutes, following a heat ramp of 30 minutes at 55 °C, 30 minutes at 65 °C,
30 minutes at 75 °C, and 15 minutes at 85 °C, ensuring the final core temperature of 72 °C.
Finally, the mortadella samples were immersed in a cold-water bath (0 °C) and stored at
a controlled temperature of 4 + 1 °C in a BOD chamber (Lucadema, Luca-161/01) until
analysis, was conducted in triplicate.

The proximate composition of the mortadella was determined in triplicate on the first
day of product conservation. Ash content was obtained via incineration in a muffie furnace
at 550 °C according to method n°® 923.02, (AOAC, 2016). Protein content was determined
using the micro-Kjeldahl method n® 960.52, assessing total organic nitrogen, and a factor
of 6.25 was used to convert the result into crude protein. The ether extract or total lipid
content was determined using the Soxhlet extraction method n°® 920.39 (AOAC, 2016).
Moisture content was measured using the drying oven method (105 = 5 °C) by AOAC
methodology n° 925.45 (AOAC, 2016) until a constant mass was achieved.

Texture profile analysis was conducted on day 1 of storage, following the method
of Pires et al. (2017), using a TAXT2i texture analyzer (Stable Micro Systems, United
Kingdom). Samples approximately 2 cm thick and 4 cm in diameter were axially
compressed in two consecutive cycles of 50% compression, using a 50.8 mm acrylic
probe at a constant speed of 2 mm.s™'. The following parameters were evaluated: hardness,
cohesiveness, adhesiveness, springiness, and chewiness, with six repetitions analyzed
for each formulation.

The microbiological evaluation of the mortadella was performed on day 1 of storage,
following the Manual of Official Methods for Analysis of Animal Foods (Brazil, 2022),
assessing the presence of Salmonella spp., sulfite-reducing Clostridium counts, total
and thermotolerant coliforms, and Staphylococcus aureus. Additional analyses were
conducted during cold storage, with triplicate evaluations on days 1, 7, 14, 21, and 28.
The pH was measured using AOAC methodology n° 943.02 (AOAC, 2016), employing
a pH meter (mPA210). However, due to time constraints, pH monitoring was limited
to 28 days, even though the shelf life of mortadella is approximately 90 days. Water
activity was measured using a Pre-Water Activity Analyzer (Decagon, USA) by the
manufacturer’s instructions.

Instrumental color was determined by colorimetry (EZ 0374 4500L, Hunter Lab
MiniScan, Brazil), operating in the CIE system (L*, a*, b*, where L* represents lightness
and a* and b* represent chromaticity coordinates). The color variation (AE) was calculated
by comparing the lightness (L*), chromaticity a* (green to red), and chromaticity b* (blue
and yellow) of the control formulation with those containing licrezz™ and Hovenia dulcis
extract, as described by Ripoll et al. (2013).

Rev. Principia, Jodo Pessoa, v. 62, e8195, 2025. [ 4]


https://creativecommons.org/licenses/by/4.0/deed.en
https://openaccessbutton.org/
https://periodicos.ifpb.edu.br/index.php/principia/index
https://portal.issn.org/resource/ISSN/2447-9187

revistom

I xl 2447-9187

A stock solution of 1.0 x 10®* mL.L" of distilled water was prepared for the
construction of the standard curve of 1,1,3,3-tetracthoxypropane, with 1 mL to 5 mL of
stock solution added to test tubes containing 5 mL of 0.02 M thiobarbituric acid (TBA)
solution. The tubes were placed in a water bath at 97 °C for 20 minutes, and pink color
development was observed as they cooled to room temperature, aided by a chilled water
bath. The absorbance of each solution was measured at 538 nm using a spectrophotometer
(FEMTO, Cirrus 80SA), and a blank solution was prepared by replacing the stock solution
with distilled water. For sample analysis, approximately 5 g of the sample was extracted
with 10% trichloroacetic acid solution. The mixture was centrifuged, and 5 mL of the
supernatant was added to a test tube containing 5 mL of 0.02 M TBA. The same steps
were followed as described for the standard curve construction. The malonaldehyde
concentration, expressed as mg per kg of sample, was determined using the equation
obtained from the standard curve of 1,1,3,3-tetracthoxypropane.

Nitrite analysis was conducted using the residual meat nitrite methodology described
by AOAC (2016). A 10 g was ground, and deproteinization steps were performed using
a 5% (w/v) borax solution, followed by heating in a water bath at 80 °C for 15 minutes
after the addition of 15% (w/v) potassium ferrocyanide and 30% (w/v) zinc acetate
at room temperature. The solution was filtered, and 0.5% (w/v) sulfanilamide and
0.5% (w/v) alpha-(naphthyl)ethylenediamine were added. Nitrite content was determined
using a spectrophotometer (FEMTO, Cirrus 80SA) at 540 nm after 15 minutes of reaction.
The standard curve was constructed using dilutions of a standard solution containing
1 pg.mL"' of sodium nitrite.

For statistical analysis, variance analysis (ANOVA) was performed using a mixed
model for all variables considered. These parameters were treated as dependent variables,
with the formulation included in the model as fixed effects, while different batches and
replicates were considered random effects. Treatment comparisons were performed using
Tukey’s test (p < 0.05), employing Statistical 14 Trial software (Statsoft). Values are
expressed as mean values and standard deviation.

3 Results and discussions

In this section, the results obtained for proximate composition, texture profile,
microbiological, and physicochemical analyses will be presented, analyzed, discussed,
and compared with previously published works, demonstrating the effectiveness of
Hovenia dulcis T. as a natural antioxidant.

3.1 Proximate composition

The results of proximate composition showed no statistically significant
difference (p < 0.05) between the control sample and samples with different antioxidant
substances in terms of moisture, protein, and lipid content (Table 1). The differences in
ash content were likely due to inherent variations in the raw material. The values comply
with the recommendations of Brazilian legislation (Brazil, 2000), which sets the following
limits: max. 70% moisture, max. 30% lipid, and min. 12% protein. Additionally, other
published studies reported similar values to those found in this work, confirming that
the formulations are suitable for producing high-quality mortadella (Alves et al., 2016;
Pires et al., 2017).
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Table 1 »

Proximate composition of
Bologna-type mortadella
prepared with different
antioxidants: sodium
erythorbate(control),licrezz™,
and Hovenia dulcis T. extract.
Source: research data

Table 2

Texture profile analysis of
Bologna-type mortadella
samples prepared with
different antioxidants:
sodium erythorbate
(control), licrezz™, and
Hovenia dulcis T. extract.
Source: research data

I xl 2447-9187

Analysis (%) Control Extract Licrezz™
Moisture 61.05 +0.14" 61.15+0.16™ 60.76 + 0.20™
Protein 15.44 £ 0.41m 15.57 £0.20™ 15.45£0.21™
Lipids 11.59 £ 1.11m 11. 64+0.57" 12,99 + 0.89"
Ash 1.94 +£0.20° 2.43+0.17° 2.31+£0.10

Mean + standard deviation (n = 3). Different lowercase letters on the same line indicate statistically significant
differences (p < 0.05). ns: not statistically significant (p > 0.05).

The amounts of antioxidants added to the mortadella did not influence the
proximate composition of the samples. Furthermore, the data obtained complied
with current legislation and were consistent with results from other studies analyzing
Bologna-type mortadella.

3.2 Texture profile analysis

Table 2 presents the results of the texture profile analysis of mortadella with
different antioxidants compared to the control sample, showing no significant
difference (p < 0.05) among the samples for any of the parameters evaluated. The
addition of natural antioxidants, H. dulcis extract, and licrezz™ did not alter the texture
profile of Bologna-type mortadella. These results may be attributed to the low amount
of antioxidants added, which did not negatively affect the texture properties of the
samples. Sucu and Turp (2018) investigated the use of beetroot powder in sausages as a
nitrite replacement agent and observed that the addition of small proportions of natural
ingredients did not significantly affect such characteristics.

Parameter Control Extract Licrezz™
Hardness (N) 232.4+£30.8™ 220.7+8.0™ 205.5+24.7m
Cohesiveness 1.1 £0.1™ 1.0£0.1™ 1.2+0.2™

Adhesiveness (mJ) 0.2+£0.1m 0.3+£0.0™ 02=£0.1™
Springiness (mm) 10.9 £0.3™ 109 £0.1™ 11.3+0.1m
Chewiness (mlJ) 2723.8 £266.4™ 24247 +199.8™ 2851.4 +£437.7"

Mean =+ standard deviation (n = 4). ns: not statistically significant (p > 0.05).

Other studies have also reported no significant alteration in the texture profile of
mortadella after adding different substances. Doménech-Asensi et al. (2013) used tomato
paste in mortadella. They obtained similar results for the texture profile, though their
findings indicated lower values for hardness (64.46 N), cohesiveness (0.53), and higher
values for elasticity/springness (0.07 m), possibly due to the specific formulation of
Bologna-type mortadella, which typically includes a higher content of meat proteins.
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Table 3 »

Microbiological
characterization

of Bologna-type

mortadella prepared with
different antioxidants:
sodium erythorbate
(control), licrezz™,

and Hovenia dulcis T. extract.
Source: research data

I xl 2447-9187

Barbieri et al. (2013) also evaluated the texture profile of different commercial
Bologna-type mortadellas and found lower hardness values (14.84 N) compared to those
in this study. Notably, mortadella is commonly consumed in slices, so higher hardness
and elasticity may enhance the slicing ability of meat products and increase consumer
acceptance (Delahunty et al., 1997).

3.3 Microbiological characterization

Table 3 shows the results of microbiological analyses. All samples complied
with the legal standard described in Normative Instruction n° 4 of March 31, 2000,
from the Technical Regulation for Mortadella Identity and Quality (Brazil, 2000),
which requires the absence of Salmonella in 25 g of the sample, a maximum of
5.0 x 10° CFU.g"! for Staphylococcus aureus, and a maximum of 1.0 x 10° CFU.g"!
for Clostridium perfringens. The different antioxidants used in the mortadella did not
affect the microbiological characteristics during storage.

Analysis (CFU.g?) Control Extract Licrezz™
Staphylococus aureus <1.0 x 102 <1.0 x 102 <1.0 x 102
Salmonella spp. Absence Absence Absence
Total coliform count <3.0 x 10° <3.0 x 10° <3.0 x 10°
Thermotolerant <3.0 % 10° <3.0 % 100 <3.0 % 100

coliform count

Clostridium

1 1 |
sulfite reducer <1.0>10 <1.0 <10 <1.0 x 10

The results for total and thermotolerant coliforms are consistent with the findings
of Baldin et al. (2016), who evaluated the application of jabuticaba extract in
Bologna-type mortadella and reported 3.0 x 10° CFU.g"!, which is expected for
this product, as it undergoes thermal treatment during cooking.

3.4 Results of analyses performed during cold storage of mortadella

During the storage period, the pH ranged from 5.7 to 6.5, with all samples
showing significant differences (p < 0.05) throughout the storage period (Figure 1).
On day 7, a significant increase in pH (p < 0.05) was observed in the control, licrezz™,
and Hovenia dulcis T. extract samples compared to day 1. Days 1 and 14 showed
significant differences (p < 0.05) between the licrezz™ samples and the others. On
day 1, the licrezz™ samples had a lower pH and, while on day 14, they exhibited
a higher pH compared to the control and H. dulcis extract samples. The mortadella
containing H. dulcis extract did not differ from the control sample at any of the evaluated
periods. On the other days, the samples did not show significant differences (p < 0.05),
indicating that the addition of different antioxidant compounds did not affect the
pH behavior after day 21 of storage.
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Figure 1 p»

pH results during cold
storage of Bologna-type
mortadella samples prepared
with different antioxidants:
sodium erythorbate
(control), licrezz™, and
Hovenia dulcis T. extract.
Source: research data

Figure 2

Water activity results during
cold storage of Bologna-type
mortadella samples prepared
with different antioxidants:
sodium erythorbate
(control), licrezz™, and
Hovenia dulcis T. extract.
Source: research data

I Nl 2447-9187

Different lowercase letters indicate statistically significant differences (p < 0.05) for the same sample across different
storage periods; different uppercase letters indicate statistically significant differences (p < 0.05) between samples within
the same storage period.

According to Mendonga et al. (2013), the increase in pH may be due to the formation
of non-protein compounds and ammonium ions with buffering action from proteins,
promoting pH elevation during mortadella storage. The higher pH observed in the
licrezz™ sample may be related to the acidity of the licorice root extract. Similar results
were reported by Pires et al. (2017), who evaluated sodium reduction in Bologna-type
mortadella, and by Almeida et al. (2015), who assessed the effects of lipid oxidation
when jabuticaba extract was added to mortadella. These studies also observed an
initial pH increase followed by stabilization, indicating this is typical behavior of
Bologna-type mortadella, likely due to the meat’s buffering capacity.

Water activity (Aw) during the 28-day storage period ranged from 0.976
to 0.945 (Figure 2). A significant difference was observed between the samples on day 1
and day 14 (p < 0.05); while in the other periods, the treatments were similar to the control
and did not differ significantly.

0.98
—~ 0.97
z
~— 0.96 dA ah bA bA bA cA &
_g‘ da oA eB I % cA
2 & =
i3]
S 0095
8
§ 0.94

0.93

0.92

1 7 14 21 28
Days of storage
Control mExtract mLicrezz

Different lowercase letters indicate statistically significant differences (p < 0.05) for the same sample across different
storage periods; different uppercase letters indicate statistically significant differences (p < 0.05) between samples within
the same storage period.
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A significant difference (p < 0.05) in the Aw profile was observed for all samples
during storage. On the first day, all samples showed a reduction in water activity, followed
by an increase in the control and extract samples. In contrast, the licrezz™ sample
remained stable by the end of storage. The initial variation in water activity may be
due to the stabilization of the emulsified meat batter, as the emulsion is stabilized after
cooking and cooling, when fat globules and other components become immobilized due
to protein gelation, resulting in the final product characteristics (Ignacio, 2011).

The results align with typical values for mortadella, which range from 0.950 to 0.960
according to Yunes et al. (2013). Furthermore, these authors replaced pork fat with
vegetable oils in mortadella and reported Aw values between 0.954 to 0.970, which
are similar to the findings of this study. Rodrigues (2016) used ora-pro-nobis in pork
mortadella and found water activity values ranging from 0.960 to 0.980 during storage.

Table4 'V

Results of instrumental
color (L*, a* b*) during cold
storage of Bologna-type
mortadella samples prepared
with different antioxidants:
sodium erythorbate
(control), licrezz™, and
Hovenia dulcis T. extract.
Source: research data

Table 4 presents the mean values for luminosity (L*), showing a significant reduction
(p < 0.05) in luminosity across all treatments from day 1 to day 7, indicating that
all samples became darker during this period. After day 7, no significant difference
was observed during storage. This change may be related to fat oxidation over time.
Luminosity in food is influenced by pigment concentration and type, as well as the nitrite
content in the samples (Yunes et al., 2013).

Storage days
Parameter Sample 1 7 14 21 28
Control 48.60 £0.21% 42.16 £0.31°® 4361 +£0.31°  42.07+£0.09°*  41.72+0.30*
L* Extract 48.96 £0.81*  44.03 +£1.22%  4329+0.96°  4330+1.10%  41.78+1.27
Licrezz 4932+0.55*  4347+£0.11%  44.14+£046  41.34+£0.85**  41.82+£0.08°
Control 10.90 £ 0.154 9.96 +0.18% 11.34 £0.31% 10.26 £0.21% 11.40 £0.4924
a® Extract 10.60 = 0.17 9.15+0.26% 9.63 +£0.28% 8.51+0.26% 8.86 +0.08%
Licrezz 9.124+0.19% 7.87+0.29¢<8 9.56 £ 0.098 8.94 +(.22%8 10.01 £0.1828
Control 12.84 £ 0.634 11.60 £ 0.02% 11.87£0.18% 12.14 £0.24 11.53+£0.21%
b* Extract 12.81 £ 0.64 11.57£0.19%4 11.65+£0.30% 12.06 = 0.30°* 11.50+0.28%
Licrezz 11.76 £ 0.264¢ 10.47 £ 0.39"8 11.51 £0.21 10.01 £0.18"8 11.64£0.192A
Extract 0.69 2.71 1.61 3.06 2.63
AE
Licrezz 3.58 4.53 2.67 2.72 1.38

Different lowercase letters indicate statistically significant differences (p < 0.05) for the same sample across different storage periods; different uppercase letters
indicate statistically significant differences (p < 0.05) between samples within the same storage period.

Additionally, the samples containing Hovenia dulcis T. extract and licrezz™ did not
show significant differences (p < 0.05) in luminosity compared to the control sample,
except on day 7 of storage, when the samples with extract and licrezz™ presented better
results than the control.
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The* parameter, which indicates the red color of the samples, exhibited a significant
difference between treatments (p < 0.05) on all analysis days, suggesting that the addition
of H. dulcis extract and licrezz™ negatively influenced the typical red color of the samples
compared to the control, which showed higher a* values, especially from day 14 onward.

Regarding the storage period, a significant difference (p < 0.05) was observed in the
control sample on day 7, with a reduction in red color intensity. However, no significant
difference was noted during the rest of the storage period compared to day 1. For the
samples containing licrezz™ and extract, the behavior differed from that of the control,
showing a significant difference (p < 0.05) between the evaluated days, indicating that
the color was not stable throughout storage.

A more intense red color was observed in the samples containing Hovenia dulcis
extract compared to licrezz™, which showed lower values, particularly in the initial days
of storage. This difference may be related to the fact that licrezz™ does not dissolve
easily in the formulation.

One factor that may explain the different results in the instrumental color parameters
is the addition of nitrite, as higher amounts corresponded to higher a* values and
lower b* values (Baldin ef al., 2016). Although the amount of nitrite added was the same
for all samples in this study, the conversion of nitrate to nitrite may have varied (Table 4),
as residual nitrite in the samples containing licrezz™ and extract differed significantly on
certain storage days but was higher in the extract samples compared to the control. Over
the entire storage period, residual nitrite was lower in the control samples, suggesting
that the amount of nitrite did not impact the a* parameter differences.

According to Farhi and Al-Sawalha (2023), the addition of antioxidants significantly
affects the characteristic color of mortadella. To achieve a pink-red color, nitrate (NOs)
must first be converted to nitrite (NO,), and then to nitric oxide (NO), which reacts
with iron from the heme pigment, producing nitrosohemochrome pigment (in cooked
products). These pigments provide a stable pink-red color typical of cured products, with
the intensity (a*) influenced by factors such as the presence of certain microorganisms,
reducing agents (e.g., natural antioxidants and vitamins), enzymes, pH, redox potential,
and free iron.

For the b* parameter, where higher b*+ values indicate a tendency towards yellow, the
samples generally exhibited low values during storage. Significant differences (p < 0.05)
were observed only on the final day of storage for the control and extract samples.
Additionally, the licrezz™ samples varied during storage, potentially due to the
difficulty in dissolving the extract. No significant difference (p < 0.05) was observed
between the control and extract samples. However, the licrezz™ samples differed
significantly (p < 0.05) from the control on days 7 and 21.

Studies conducted by Caceres, Garcia, and Selgas (2008) reported similar results
for a* (13.15), b* (10.57), and L* (48.28) in Bologna-type mortadella. Pereira ef al. (2011)
found higher L* values (60.12) after adding mango seed extract to Bologna-type
mortadella. These variations are likely due to differences in mortadella formulations.

For AE (Table 4), according to Francis and Clydesdale (1975), values close to zero
indicate samples similar to the control, while values of two or more suggest perceptible
differences between two treatments. Therefore, the treatment using extract and licrezz™
resulted in a noticeable color change compared to the control. The addition of licrezz™
had a greater influence on the color difference, likely because licrezz™ is not easily
dissolved in the mortadella paste.
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Table5V

Results of lipid oxidation
(TBARS) and residual nitrite
during cold storage of
Bologna-type mortadella
samples prepared with
different antioxidants: sodium
erythorbate (control), licrezz™,
and Hovenia dulcis T. extract.
Source: research data

Lipid oxidation occurs during the processing and storage of meat products. While
it cannot be entirely prevented, it can be delayed with the addition of antioxidant
substances that provide stability and mitigate the negative effects of oxidation on
sensory attributes (Doménech-Asensi ef al., 2013). Lipid oxidation levels in mortadella
prepared with different antioxidants ranged from 0.25 to 2.05 mg malonaldehyde/kg of
the sample (Table 5).

Storage days
Analyze Sample 1 7 14 21 28
Control 0.09+0.01°® 0.51£0.04° 0.54+0.01°® 0.89+0.04® 0.90+0.03
TBARS Extract 0.19+£0.0°°A 0.31+0.02% 0.66+0.03* 1.27+0.04% 1.76+0.03®
Licrezz 0.08+0.01¢B 0.19+0.01¢C 0.45+0.04 <C 0.55+0.01°¢ 2.12+0.05
Control 101.00+0.01*®  37.00+0.01%8 24.00+0.01 23.00+0.01¢<® 4.00+0.014¢
Nitrite Extract 176.00£0.10**  66.00+0.08** 66.00£0.01°4 26.00£0.01°4 16.00+0.0194
Licrezz 175.00£0.01*4  63.00<0.01¢* 68.00 <0.018 26.00<0.01% 11.00<0.018

Different lowercase letters on each row indicate statistically significant differences (p < 0.05); different uppercase letters in each column indicate statistically
significant differences (p < 0.05). TBARS expressed in mg malonaldehyd kg sample’; Nitrite expressed in ppm NaNO,.

Trindade et al. (2008) indicated that rancid products can be detected by trained and
untrained tasters in the range of 0.5-1.0 and 0.6-2.0 mg malonaldehyde/kg of sample,
respectively. Consequently, only the licrezz™-—containing samples on day 28 would likely
exhibit a rancid smell.

The TBARS values obtained from the different treatments differed
significantly (p < 0.05), indicating variation between the treatments and the control
throughout storage (Table 5). For all treatments, TBARS values increased significantly
(p <0.05) over the storage period. At the end of storage, the control and H. dulcis extract
samples showed an approximate nine-fold increase in TBARS values compared to the
initial value, while licrezz™ samples showed a twenty-six-fold increase, indicating that
the H. dulcis extract behaved similarly to the control.

TBARS values were also significantly different between treatments (p < 0.05) on
day 1 of storage, with higher values of H. dulcis extract and the control samples on days 1,
7, 14, and 21. After 28 days of cold storage, the control and H.dulcis extract samples
exhibited the lowest values and stabilization, while the extract and licrezz™ samples
were less effective than the antioxidant agent added to the control. Sodium erythorbate
(control) is a concentrated antioxidant powder, likely offering stronger lipid oxidation
control. Trindade et al. (2008) found that sodium erythorbate effectively controls lipid
oxidation when added in amounts exceeding 100 ppm.

Doménech-Asensi et al. (2013) obtained similar results when applying tomato
paste to mortadella, with increased tomato paste concentrations leading to reduced lipid

[ 1]
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oxidation compared to the sodium erythorbate control. However, when added in the
same proportion, oxidation was not reduced. This suggests that increasing the amount
of H. dulcis extract and licrezz™ added to mortadella, which in this study matched the
erythorbate concentration (0.1%), may improve results.

Almeida ef al. (2015) found no significant difference (p < 0.05) during cold
storage between control samples containing 0% antioxidant and the sample containing
0.25% jabuticaba extract in Bologna-type mortadella. Similarly, Nissen et al. (2004)
successfully inhibited lipid oxidation in processed meat products using natural
plant antioxidants, including Prunus domestica extract. Rodrigues (2016) reported
malonaldehyde levels of 0.395 to 0.500 mg/kg in mortadella containing 2% ora-pro-nobis
as an antioxidant agent, replacing sodium erythorbate.

The effect of plant antioxidants on lipid oxidation-reduction is attributed to their
phenolic nature, as phenolic compounds act as radical scavengers and metal chelators,
interrupting both the initiation and propagation of the oxidative process. The antioxidant
activity of phenolic compounds is linked to the hydroxyl group attached to the aromatic
ring, which donates electrons via hydrogen atoms to neutralize free radicals. This
mechanism prevents the formation of more active oxidative compounds, such as
malonaldehyde (Krishnan et al., 2014).

Nitrite reactions impact cured meat color, microbial inhibition, antioxidant
effects, and taste (Sucu; Turp, 2018). However, because nitrite is potentially toxic
(Kurcubi¢ et al., 2014), its residual levels in final products must be controlled. In Brazil,
the maximum residual nitrite content allowed in cured products is 150 ppm (Brazil, 2000).
However, nitrite reduction is limited by the need to prevent the growth of C. botulinum
(O'Sullivan; Kerry, 2012).

Table 5 presents the results of residual nitrite in Bologna-type mortadella samples
prepared with different antioxidants. The average residual nitrite values for all samples
showed significant differences (p < 0.05), decreasing throughout storage, indicating that
nitrite was converted into other compounds. These results comply with regulatory limits,
remaining below 150 ppm (Brazil, 2000).

These findings align with those of Li et al. (2013), who reported that residual nitrite
levels in meat products can decrease significantly immediately after production, as
nitrite reacts with myoglobin, sulfhydryl groups, lipids, and proteins, converting through
oxidation into nitric acid (HNOs) or gaseous forms (N,O and N,).

When comparing the mean values between treatments, the samples containing
Hovenia dulcis extract and licrezz™ exhibited higher residual nitrite levels than the
control sample throughout the cold storage period. The samples containing plant
extracts differed significantly (p < 0.05) from the control sample. However, the samples
containing H. dulcis extract and licrezz™ only showed significant differences (p < 0.05)
from each other only after 21 days of storage. The variation on the final day may be
attributed to the difficulty of homogenizing the compound in the paste, as licrezz™ is
not easily dissolved in water.

Bologna-type mortadella containing sodium erythorbate (control) exhibited lower
residual nitrite content than the samples containing natural antioxidants, with statistically
significant differences (p < 0.05) observed during each storage period. These findings
align with those of Li ef al. (2013), who reported the presence of sodium erythorbate
promotes nitrite reduction, converting nitrite oxide more rapidly than plant polyphenols.

According to Li et al. (2013), reductions in residual nitrite levels are likely to occur
due to polyphenols and flavonoids, which react with various bio compounds present in
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plant extracts. Hwang et al. (2014) observed similar behavior in emulsified pork sausage,
where the application of 0.2% ethanolic extract of Artemisia reduced residual nitrite levels
during the storage period. In a study by Kurcubi¢ et al. (2014), 0.1% to 0.2% ethanolic
extract of Kitaibelia vitifolia was applied to sausage as an antioxidant agent, and the
samples containing the extract demonstrated superior residual nitrite levels during storage.

Therefore, all the evidence and works presented in the literature support the excellent
results reported in this study and highlight the use of H. dulcis extract as an effective
natural antioxidant alternative.

4 Conclusion

The addition of plant extracts from Hovenia dulcis T. pseudo-fruits and licorice
root (licrezz™) did not affect the microbiological composition or the texture profile of
Bologna-type mortadella. However, changes in instrumental color-parameters L* and
a* were observed, possibly due to the difficult dissolution of licrezz™ and the limited
impact of plant extracts on color development.

During cold storage, no significant changes were observed in the pH and water
activity of the samples. However, mortadella containing natural antioxidants exhibited
variations in lipid oxidation, suggesting that these agents did not achieve the same level
of effectiveness as the antioxidant added to the control formulation. Similarly, in the
analysis of residual nitrite content, natural antioxidants were able to reduce the amount
after 28 days, but with lower efficiency than the control formulation, which contained a
commercial antioxidant.

Nonetheless, H. dulcis extract demonstrated potential as a natural antioxidant, and
further studies are needed to explore its concentration, of the effect of adding larger
amounts, as well as sensory evaluations of the mortadella. Additionally, based on the
promising results of this study, there is potential to expand the application of Hovenia
dulcis T powder in the preparation of sausages or hamburgers, given its suitability for
similar meat bases.
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ABSTRACT

This study aimed to evaluate the effect of the addition of taruma aqueous extract as a potential antioxidant to beef burgers during
frozen storage, given that the fruit is abundant and easy to handle. Five formulations were made with the addition of different
compounds with antioxidant characteristics as follows: negative control (no addition of antioxidants), positive control (0.1%
sodium erythorbate), LIC (0.1% Licrezz™), EX (0.5% taruma extract), ERI/EX (blend of 0.05% sodium erythorbate and 0.25%
taruma extract). The physicochemical and technological properties of the burgers were evaluated. The addition of taruma extract
caused small changes (color, pH, TBARS) in the product’s characteristics, during 180 days of frozen storage, with no changes
in the reddish color, an important factor for marketing the product. Regarding the lipid oxidation assessed by the TBARS assay,
although some changes were observed for all formulations, the burgers made with pure extracts showed a significant improvement
of approximately 35% in the oxidative stability for the period studied. Thus, the results demonstrated the efficiency of taruma
extract as a promising source of antioxidant agent and a potential natural color stabilizer for frozen beef burgers.

Keywords: antioxidants, color, burger, lipid oxidation, shelf life, Vitex megapotamica.

RESUMO

O objetivo do estudo foi avaliar o efeito da aplicagdo do extrato aquoso de taruma como potencial antioxidante em hamburgueres
de carne bovina, durante o armazenamento sob congelamento, visto que a fruta se apresenta abundante e de facil manuseio.
Foram preparadas 5 formulagdes, nas quais diferentes compostos com caracteristicas antioxidantes foram adicionados, sendo
elas: controle negativo (sem adi¢ao de antioxidantes), controle positivo (eritorbato de sédio 0,1%), LIC (licrezz™ 0,1%), EX
(extrato de taruma 0,5%), ERI/EX (mistura de eritorbato de s6dio 0,05% e extrato de taruma 0,25%). Foram avaliadas algumas
propriedades fisico-quimicas, caracteristicas fisicas e tecnoldgicas dos hamburgueres formulados. A adi¢do de extrato de
taruma provocou pequenas alteragdes (cor, pH, TBARS) nas caracteristicas do produto, durante 180 dias de armazenamento
congelado, sem alteragéo da cor avermelhada, fator importante para a comercializa¢do do produto. Em relagéo a oxidagao lipidica
avaliada pelo ensaio TBARS, embora tenham sido observadas algumas alteragdes para todas as formulagdes, os hamburgueres
elaborados com extratos puros apresentaram uma melhora significativa de aproximadamente 35% na estabilidade oxidativa
para o periodo estudado. Sendo assim, os resultados demonstram a eficiéncia do extrato de taruma como uma fonte promissora
de antioxidante e potencial estabilizador de cor natural para hamburgueres de carne bovina congelados.

Palavras-chave: antioxidantes, cor, hamburguer, oxidagdo lipidica, armazenamento, Vitex megapotamica.
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INTRODUCTION

Lipid oxidation is one of the main factors causing
the deterioration of meat and meat products, due to their
high fat contents. Oxidative reactions promote changes
in the color, odor, and texture of meat products, directly
affecting their quality. These changes are generally
irreversible and can affect frozen products, such as
burgers, as well as refrigerated foods (Pereira et al.,
2017). In addition, they significantly contribute to the
waste of animal-origin foods, whether processed or not.

Some alternatives can minimize and delay oxidative
processes in meat products, such as completely removing
oxygen from packaging and adding antioxidant compounds,
thus preventing rancidity and discoloration, as well as
other physicochemical changes (Lima et al., 2017). These
antioxidant compounds can be synthetic, supplied by large
multinational companies, or natural compounds, which
is a promising and attractive alternative. This attractive
characteristic is due to the nature of compounds derived
from natural sources, which have lower toxicity when
compared to their synthetic equivalents (Ribeiro et al.,
2019). In addition, these natural antioxidants exhibit a
more sustainable nature and lower environmental impact,
as they come from renewable sources and are cultivated
sustainably when compared to the chemical synthesis
of synthetic antioxidants.

The growing interest in the application of natural
compounds in meat products has led to an increase in
demand for scientific studies on raw materials extracted from
plants and/or fruits. For use in food, natural antioxidants
must be safe, easy to homogenize, effective at low
concentrations, free of odors, and flavors, thermostable,
and economically viable (Milani et al., 2012).

Taruma (Vitex megapotamica) is a fruit found in
several Brazilian regions and has a violet-black color
when ripe, being a promising source of antioxidant
compounds (Monteiro et al., 2024). However, few
studies have been found in the scientific literature on the
addition of these fruits to meat products (Caldeira et al.,
2004; Vianna and Koehler, 2007; Cosmo et al., 2009).

In this context, this study aimed to evaluate the
effect of the addition of taruma aqueous extract on the

physicochemical and technological characteristics and

stability during the frozen storage of beef burgers when

compared with commercial antioxidants.

MATERIAL AND METHODS

The ripe taruma was harvested in areas belonging
to the Federal Institute of Education, Science and
Technology of Rio Grande do Sul - IFSR, Sertéo campus,
in the city of Sertdo/RS, Brazil (Latitude 28° 2°26” S,
Longitude 52° 16’ 25” O). The fruit was cleaned and
sanitized before use in the experiment, as reported by
Monteiro et al. (2024).

The commercial antioxidants sodium erythorbate
and Licrezz™ (a product extracted from Glycyrrhiza
glabraroots, popularly known as licorice) were supplied
by ICL Aditivos e Ingredientes LTDA. The raw materials
beef shoulder, beef fat, salt, dehydrated onion powder,
dehydrated garlic powder, black pepper powder, and
textured soy protein were purchased from local markets
in Pinhalzinho, Santa Catarina, Brazil.

The taruma extract was prepared as described by
Rufino et al. (2007), with modifications. Water was
used as the extraction solvent in a sample-to-solvent
ratio of 1:30 (w/v). The mixture was homogenized and
the pH was adjusted to 5.0 using 0.1 M citric acid or
0.2 M dibasic sodium phosphate solutions using a pH
meter (mPA210, MS Technopon, Brazil). The mixture
was stirred in an orbital shaker (Luca-223, Lucadema,
Brazil) at 100 rpm for 3 hours at 80 °C. The suspended
solids were then filtered out and the filtered extract was
wrapped in aluminum foil and stored under refrigeration
(5 °C) in a conventional refrigerator (Electrolux, Brazil)
until use within 24 h.

The burgers were made according to the methodology
described by Ferreira et al. (2019), and the complete
formulations are shown in Table 1.

The burgers were made in triplicate batches, with
the addition of ingredients in the following order: beef
and beef fat ground in an industrial grinder with an
8 mm disk (MSI-10, Becker, Sao Paulo, Brazil), soy
protein, salt, dehydrated onion powder, dehydrated garlic
powder, black pepper powder, antioxidant agents, and
water. For better solubilization, the antioxidants sodium
erythorbate and Licrezz™ were dissolved in the water

content used in the formulation, while taruma was used
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Table 1. Beef burger formulations made with different antioxidant agents.

et al. Taruma:

antioxidant for burgers

Ingredients (%) Formulations

CONT.N CONT.P LIC EX ERI/EX
Beef 75.0 75.0 75.0 75.0 75.0
Beef fat 7.4 7.4 7.4 7.4 7.4
Salt 1.5 1.5 1.5 1.5 1.5
Dehydrated garlic powder 0.1 0.1 0.1 0.1 0.1
Dehydrated onion powder 0.05 0.05 0.05 0.05 0.05
Black pepper powder 0.05 0.05 0.05 0.05 0.05
Textured soy protein 4.0 4.0 4.0 4.0 4.0
Water 11.9 11.8 11.8 11.4 11.6
Sodium erythorbate - 0.1 - - 0.05
Licrezz™ - - 0.1 - -
Taruma extract - - - 0.5 0.05/0.25

Formulations: CONT.N: negative control, no addition of antioxidants; CONT.P: positive control, sodium erythorbate
(0.1%); LIC: Licrezz™ (0.1%); EX: taruma extract (0.5%); ERI/EX: sodium erythorbate + taruma extract (0.05%/0.25%).

in the form of an aqueous extract. They were then mixed
with the burgers by hand for 10 minutes and the burgers
were shaped in stainless steel molds with a diameter of
8 cm (50 g of batter). The burgers were then unmolded,
packed in polyethylene bags, and stored at -12 °C in a
conventional freezer (Consul, Brazil) until analysis.

The proximate composition of three burger samples
(n=9) from each batch was determined for moisture
content (method 925.45 (b)); fat content by the Soxhlet
method (method 920.39 (¢)); protein (method 920.152)
with a conversion factor of 6.25; and ash content (method
940.26) according to Association of Official Analytical
Chemists (2016).

The stability of the burgers was analyzed during
frozen storage, in triplicate (n=9), at 1, 30, 60, 150, and
180 days of storage for pH, color, and thiobarbituric acid
reactive substances (TBARS).

The pH was measured using a bench pH meter
(mPA210, MS Technopon, Brazil) as reported by
Fernandez-Lopez et al. (2006). The objective color of
the samples was determined by measuring reflectance
using a CR-410 Minolta colorimeter (HunterLab,
Brazil), according to the manufacturer’s instructions,
using the CIELAB system. The color variation (AE)
was calculated by the variation of the L*, a* and b*
parameters, according to Lopes et al. (2005).

The TBARS index was determined using the
spectrophotometric method described by Jo and Ahn
(1998), with modifications. For that, 5 g of sample was
mixed with 30 mL of 7.5% trichloroacetic acid (TCA)

solution. The mixture was filtered through qualitative

filter paper (Qualy 12.5 cm, J. Prolab, Brazil). A2 mL
aliquot of the filtrate was transferred to a test tube with
a lid and 2 mL of 0.02 M thiobarbituric acid (TBA)
solution was added. The tubes were heated in a digital
water bath (SSD 5L, Solidsteel, Brazil) for 20 minutes
at 100 °C, cooled to room temperature using a cooled
water bath, and the absorbance was read at 532 nm in a
spectrophotometer (80 SA, Femto, Brazil). All analyses
were performed in triplicate and the results were expressed
in mg of MDA kg of sample.

The technological parameters of the burgers were
determined on day 60 of storage for shear force, water
retention capacity, cooking yield, and shrinkage. For these
analyses, the burgers were thawed for 12 hours at 4 °C
in a refrigerator (Electrolux, Brazil) until analysis.

The shear force (N) required to cut the samples was
determined using a CT3 texture analyzer (Brookfield)
with a Warner Bratzler blade, a speed of 5 mm.s, a
trigger load of 1.0 N, and 50% depth. The analysis
was carried out on the raw burgers measuring 1.0 cm
wide, 4.0 cm long and 0.8 cm high, with adaptations
(Abularach et al., 1998).

To determine the water retention capacity, the
samples (10 g) were cut to a standard size of 3.0 % 3.0 x
0.8 cm, placed on qualitative filter paper (Whatman 40,
125 mm in diameter), previously dried, between two
acrylic plates, and a 5 kg cylinder was placed over them
for 10 min. The amount of water lost was determined
in the resulting sample, as described by Bertolo et al.
(2022). The cooking yield (CY) was determined by

the ratio between the mass of the cooked sample and
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the mass of the raw sample. The shrinkage percentage
(S) was determined using a caliper, as reported by
Seabra et al. (2002).

Statistical analysis was carried out using STATISTICA
14 Trial software (Statsoft), and analysis of variance
(ANOVA) and comparison of means by Tukey’s test at

5% significance level.

RESULTS AND DISCUSSION

No significant differences were observed for

moisture, fat, protein, and ash contents between the

samples (Table 2), thus the taruma aqueous extract did
not alter the proximate composition of the product,
indicating a promising use of this extract in beef burger
formulations. In addition, the results are in line with the
recommendations of the current legislation known as
the Technical Regulation for the Identity and Quality of
Burgers (Brasil, 2022), which sets limits of a maximum
of 25% fat and a minimum of 15% protein.

Regarding the color parameters (Table 3), a reduction
in L* value was observed between days 1 and 180 of

storage, except for EX, which showed no significant

Table 2. Proximate composition of beef burgers made with different antioxidant agents.

Parameter (%) Formulations
CONT.N CONT.P LIC EX ERI/EX
Moisture 72.42 +0.82* 72.08 + 0.35* 72.03 +0.622 72.00 + 0.44* 72.66 +0.87*
Protein 19.12 £ 0.412 19.67 £ 0.50° 19.11 £ 0.46° 18.73 £0.29* 18.56 + 0.87°
Fat 5.68 +0.34* 5.16 £0.08" 5.30+0.20° 542 +0.12° 5.56+0.28"
Ash 2.67+0.17° 2.70 £ 0.26 2.79+£0.15° 2.63 +0.09° 2.71 £ 0.06

Values expressed as mean + standard deviation. Formulations: CONT.N: negative control with no addition of antio-
xidants; CONT.P: positive control: sodium erythorbate (0.1%); LIC: Licrezz™ (0.1%); EX: taruma extract (0.5%);
ERI/EX: sodium erythorbate + taruma extract (0.05%/0.25%). Averages followed by the same letter on the same line
do not differ statistically by Tukey’s test at a 5% significance level.

Table 3. Instrumental color parameters L*, a*, b*, and AE during frozen storage of burgers made with different
antioxidant agents.

. Days
Parameter Formulation 1 30 60 150 180
L* CONT.N 36.48£0.87**  33.12+0.05"F 31.39+£0.129% 3298 +0.58%* 31.64+0.15 4
CONT.P 32.99+1.92¢8  31.97+0.32*8 31.90+1.50** 30.46+0.72°6¢ 2888+ 0.66 "EC
LIC 32.55+1.02¢8  32.54+0.50° 30.69+0.94 ®A 28.15+2.58°¢ 29.44 + (.33 ®BC
EX 3226+1.60%%  32.19+1.13® 32.05+0.82% 31.83+0.46*8 30.14 +£0.69 *AB
ERI/EX 3540 +£3.3248 3465+0.15* 3270+ 1.18 ®A 31.68+0.80%8 2821 +0.75<
a* CONT.N 6.39+0.07 8 6.70£0.12¢  557+0.13% 4.78 £0.08 B 4.75+0.48 B
CONT.P 8.12+0.838  9.06+091*  7.64+0.31®* 589+0.26¢¢ 6.48 +£0.00 beA
LIC 824+£090  7.59+£0.55%8¢ 6,14+0.74°8 568 +0.56 B 5.64 +£0.14 A8
EX 7.92+£0.77*8  753+0.70¢  585+0.46" 5.67+0.15 5.77+£0.11 b8
ERI/EX 9.22+045*  823+0.148  749+0.01"  7.85+0.80 4.95+0.97 8
b* CONT.N 10.37+0.35%  9.62+0.08 10.50+0.26%8 11.42+0.01 * 9.40 £ 0.05 <A
CONT.P 12.58£0.16*  9.72+0.63%* 11.04+0.73%  9.51+0.40 9.26 £ (.33 ¢AB
LIC 11.02+£0.388¢ 1093 +0.65* 9.70+0.51°  10.11 £0.08 8  8.52+0.17 <B¢
EX 10.53+£0.27*®  10.00+0.76" 9.75+0.31"8 9.50 £0.29 ®B 8.35+0.26<¢
ERI/EX 10.53+£0.27%¢  9.73+£0.57* 10.44+0.22*8 10.02+0.95<  8.73 £ (.48 »ABC
AE CONT.P 4.48 2.62 2.20 3.29 3.26
LIC 4.39 1.64 1.21 5.01 2.53
EX 4.67 1.30 1.03 2.37 2.10
ERI/EX 3.03 2.17 2.33 3.59 3.49

Formulations: CONT. N.: negative control with no addition of antioxidants; CONT.P.: positive control - sodium
erythorbate (0.1%); LIC: Licrezz™ (0.1%); EX: taruma extract (0.5%); ERI/EX: sodium erythorbate + taruma extract
(0.05%/0.25%). Different lowercase letters in the line indicate statistically significant differences (p<0.05) for the
same sample at different storage periods. Different uppercase letters in each column indicate statistically significant
differences (p<0.05) between samples from the same storage period.
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difference, thus the addition of the taruma extract may
have inhibited the darkening of the burgers. Burger
browning is due to the oxidation of myoglobin, leading
to transformations in the pigment oxymyoglobin (red)
into metmyoglobin, forming a grayish-brown color
(Utrera et al., 2014; Viana et al., 2020). Borella et al.
(2019) reported no color changes in burger samples made
with the addition of rosemary extract at concentrations
of 0.03% and 0.06% stored for 120 days. These are
relevant results, which suggest that the addition of
natural extracts can preserve processed meat products
for medium to long periods of frozen storage.

All burgers showed a tendency towards a reduction
in red color (parameter a*, Table 3), which can be
considered a negative effect, affecting the product’s
appearance and consumers’ acceptance (Vidal and
Prestes, 2014). Probably, the discoloration is due to the
processing conditions since beef is processed together
with seasonings and may present initial oxidation
processes, which leads to color changes (Utrera et al.,
2014). In turn, freezing favors a brownish hue due to
the difficulty in penetrating O, and the conduction of
electrolytes that induce the production of metmyoglobin.
The increase in this pigment leads to a decrease in the a*
values (Ordoiiez, 2005; Hernandez Salueiia et al., 2019;
Zahid et al., 2020). Gahruie et al. (2017) also reported a
decrease in a* values of burgers made with the addition
of natural extracts of cinnamon and rosemary.

All samples showed a slight reduction (p<0.05)
in the b* parameter (Table 3) throughout storage.
Borellaetal. (2019) reported that differences in b* values
during storage are also due to the oxidation process.
In the present study, the antioxidant agents may have
impaired lipid oxidation since there was no increase in
b* values for all samples studied. Concerning AE, all
samples showed visible color differences on day 1 of
storage, with no perceptible changes on days 30 and 60.
At day 150 of storage, only the sample EX showed no
visible difference, while the positive control and ERI/EX
samples showed a visible change in color on the last day
of storage. Therefore, only the sample EX presented no
AE perceptible to the human eye throughout the 180 days

of storage. The images can be seen in Figure 1.

Monteiro, L.K. et al. Taruma: antioxidant for burgers

Concerning the pH values (Figure 2) of the different
formulations, there was no significant difference between
days 1 and 60 of storage. The opposite behavior was
observed by Feihrmann et al. (2022), who studied the
addition of yerba mate (/lex paraguariensis) extract
to frozen beef burgers and reported a decrease in the
pH values after storage for 60 days under freezing
conditions. On the other hand, significant changes in pH
were observed (p<0.05) from days 150 and 180 of frozen
storage. The pH values, which were close to 6 until day
60, reached values close to 6.1 on day 150 and above
6.2 on day 180 of storage. This increase in pH may be
due to the alkalinization of the meat, caused by small
increases in ammonia nitrogen levels from the degradation
of proteins and amino acids by Gram-negative bacteria
(Mokhtar et al., 2014; Mancini et al., 2020).

According to Geesink et al. (2000), pH is an important
meat quality parameter, as it is related to color, water
retention capacity, and tenderness, among other factors.
Galvao (2006) reported that factors such as the type and
quantity of raw materials used in the formulation and
even the cooking process of the burgers can influence
the pH of the product.

The TBARS assay (Figure 3) showed significant
differences (p<0.05) for the formulations throughout
storage, with a significant increase in values after
180 days, which was expected due to the formation of
oxidation compounds. The results of this study showed
that the use of natural antioxidants (EX and LIC) was
effective in delaying oxidation in the last analysis period
(180 days) with 30% and 40%, lower concentrations (mg
of MDA kg! of sample) respectively, when compared
to the negative control. Paiva et al. (2021) studied the
addition of LIC to alligator meat nuggets and reported
that this antioxidant was the most effective in inhibiting
lipid oxidation during 120 days of frozen storage,
confirming the effectiveness of natural antioxidants and
their technological advantage over synthetic antioxidants.
A similar result was also found for the taruma extract
in this study.

As reported by Al-Kahtani et al. (1996), values less
than 3 mg of MDA kg™ of the sample are sufficient to

prevent lipid oxidation in meat products. Thus, the frozen
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Figure 1. Beef burgers made with different antioxidant agents: negative control with no addition of antioxidants (A),
positive control - 0.1% sodium erythorbate (B), 0.1% Licrezz™ (C), 0.5% taruma extract (D), sodium erythorbate +

taruma extract (0.05%/0.25) (E), during frozen storage.

burgers of this study showed no signs of oxidation since
none of them had values higher than 3 mg of MDA kg
No significant differences were observed in cooking
yield (CY), shrinkage percentage (S), water retention
capacity (WRC) and shear force (SF) between the
formulations (Table 4).
Higher CY values result in lower losses of hamburger

mass after cooking, therefore all the formulations showed

good results. Despite the promising results of this test,
beef, and beef products tend to suffer loss of liquids
during cooking, denaturation of proteins, melting of
fats and partial shrinkage of meat fibers, thus low CY
values are expected (Choi et al., 2009).

The results of the shrinkage percentage (S) showed
that the addition of antioxidants led to no changes

in the size of the burgers after cooking. The WRC
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Figure 2. pH values of beef burgers made with different antioxidant agents during frozen storage. Formulations:
CONT.N.: negative control with no addition of antioxidants; CONT.P.: positive control - sodium erythorbate (0.1%);
LIC: licrezzTM (0.1%); EX: taruma extract (0.5%); ERI/EX: sodium erythorbate + taruma extract (0.05%/0.25%).
Different lowercase letters show a significant difference (p<0.05) throughout storage for the same formulation. Different
uppercase letters show a significant difference (p<0.05) between the formulations on the same day of storage.
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Figure 3. Lipid oxidation (TBARS) of beef burgers made with different antioxidant agents during frozen storage.
Formulations: CONT.N.: negative control with no addition of antioxidants; CONT.P.: positive control - sodium
erythorbate (0.1%); LIC: licrezz™ (0.1%); EX: taruma extract (0.5%); ERI/EX: sodium erythorbate + taruma extract
(0.05%/0.25%). Different lowercase letters show a significant difference (p<0.05) throughout storage for the same
formulation. Different uppercase letters show a significant difference (p<0.05) between the formulations on the same
day of storage.

Table 4. Technological properties of beef burgers made with different antioxidant agents during 60 days of frozen
storage.

Parameters Formulation
CONT.N CONT.P LIC EX ERI/EX
CY (%) 78.23 £0.53° 78.05+0.20° 78.23 £0.41° 78.56 £ 0.09° 78.58 £ 0.49*
S (%) 13.56 £ 0.50* 12.94 +1.07° 12.64 £ 0.71* 13.14 £ 1.522 12.08 £0.18*
WRC (%) 86.15 +£0.29° 85.51 £0.43° 85.67 £0.82° 87.15+0.59° 86.84 +0.88*
SF (N) 5.71 £0.20° 5.42 +0.40° 5.71+0.26 5.19+0.15° 5.54 +£0.43*

Mean =+ standard deviation. CY: cooking yield; S: shrinkage percentage; WRC: water retention capacity; SF: shear
force. Formulations: CONT. N.: negative control with no addition of antioxidants; CONT.P.: positive control - sodium
erythorbate (0.1%); LIC: Licrezz™ (0.1%); EX: taruma extract (0.5%); ERI/EX: sodium erythorbate + taruma extract
(0.05%/0.25%). Different lowercase letters in each row indicate statistically significant differences (p<0.05).
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determines visual acceptability, weight loss, cooking
yield, as well as the sensory characteristics of meat and
meat products (Warner, 2017). In the present study,
the WRC values ranged from 87.15 - 85.51%, with
similar results for all samples, demonstrating that the
addition of taruma extract did not interfere with this
characteristic. Higher WRC values represent better
product acceptability.

No significant differences were observed for SF
between the samples. Tenderness is a characteristic
related to SF, which is directly associated to WRC
since the greater the water retention, the lower the shear
force used to cut the meat fragment (Zeola et al., 2007),
which corroborates the results of this study (Table 3).
The formulation made with the addition of taruma extract
(EX) showed the lowest SF value.

The addition of taruma extract did not interfere
with the technological characteristics of the burgers
of this study. The formulations made with the addition
of the extract (EX, ERI/EX) showed promising and
significant results for cooking yield (CY), maintaining
or even improving the technological characteristics of

the final product.

CONCLUSION

The addition of the taruma powder extract to
beef burger formulations did not affect the proximate
composition, shear force, shrinkage percentage, water
retention capacity, and pH of the samples. Although all
formulations showed changes in the TBARS values due
to lipid oxidation during storage, the natural antioxidants
(LIC and EX) proved to be relatively efficient in the
oxidative stability of beef burgers during 180 days of
frozen storage. Therefore, the taruma extract has proven
to be an effective alternative as a potential natural

antioxidant in processed beef products.
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Spinach Extract as a source of nitrite in fresh
sausages: quality attributes and stability
during refrigerated storage

Extrato de espinafre como fonte de nitrito em linguica frescal:
atributos de qualidade e estabilidade durante o
armazenamento refrigerado

Abstract

Introduction: Consumers express concerns about chemical additives in the diet,
including preservatives, which can produce carcinogenic compounds when
interacting with substances present in food. Some vegetables, such as spinach, can
be natural sources of preservatives, and their application can increase the healthiness
of meat products. Objective: To evaluate the effects of spinach extract as a source of
nitrite for the preservation of fresh sausages during 35 days of refrigerated storage.
Material and Method: Four formulations were produced: positive control, with
commercial curing salt (CP), negative control, without curing salt (CN), spinach extract
(EE) and spinach extract pre-converted by nitrate-reducing bacteria (EEPC). The
sausages were evaluated for proximate composition, color parameters, residual
nitrite content, TBARS, and microbiological characterization. Results: The curing salt
(CP) led to a few changes in the color of the fresh sausages. TBARS increased
approximately 2.5 times (p<0.05) during the 35 days for all formulations, and the
lowest values were found for the formulations CP and EEPC at the end of the storage.
These formulations had the highest residual nitrite levels and the lowest LAB and
enterobacteria count (35 days), which proves that EEPC is an effective preservative to
replace commercial curing salt in fresh sausages subjected to refrigerated storage.
Conclusion: The use of EEPC can be a promising alternative for the meat industry,
enabling the development of clean-label products that meet the demand for healthier
products.

Keywords: Nitrate. Meat products. Healthy food. Vegetables.

Resumo

Introdug@o: Os consumidores tém indmeras preocupacdes em relagdo a saude,
dentre as quais 0 consumo elevado de aditivos quimicos, como os conservantes, que
a0 reagir com substancias presentes nos alimentos podem produzir compostos
cancerigenos. Alguns vegetais, como o espinafre, podem ser fontes naturais desses
conservantes, e sua aplicacdo pode aumentar a saudabilidade dos produtos carneos.
Objetivo: Avaliar os efeitos do extrato de espinafre como fonte de nitrito para
conservagdo de linguicas frescais, armazenadas durante 35 dias sob refrigeracdo.
Material e Método: Quatro formula¢8es foram produzidas: controle positivo, com sal
de cura comercial (CP), controle negativo, sem sal de cura (CN), extrato de espinafre
(EE) e extrato de espinafre pré-convertido por bactérias nitrato-redutoras (EEPC). As
linguicas foram avaliadas através da composicdo centesimal, cor, teor residual de
nitrito, TBARS e avaliagdo microbioldgica. Resultados: O sal de cura (CP) resultou em
menores altera¢Bes na coloracdo das linguicas frescais. O TBARS aumentou
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aproximadamente 2,5 vezes (p<0,05) ao longo dos 35 dias, em todas as formulac¢des,
e os menores valores, ao final desse perfodo, foram encontrados nas formulagdes CP
e EEPC. Estas mesmas formula¢Bes apresentaram os maiores teores residuais de
nitrito e menor contagem de BAL e enterobactérias (35 dias), 0 que comprova que o
EEPC é tdo eficiente quanto o sal de cura comercial como conservante em linguica
frescal armazenada sob refrigeracdo. Conclusdo: O uso de EEPC pode ser uma
alternativa promissora para a indUstria carnea, possibilitando o desenvolvimento de
produtos clean label que atendam a demanda por produtos mais saudaveis.

Palavras-chave: Nitrato. Produtos da carne. Alimento saudavel. Vegetais.
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INTRODUCTION

Curing salts based on nitrite and nitrate are used in cured meat products to help develop color and
flavor, control lipid oxidation by delaying the development of rancidity and inhibit the growth of pathogenic
microorganisms such as Clostridium botulinum. These chemical additives are often used in combination, as
nitrate is more beneficial in long-term curing processes, while nitrites act at the beginning of the process.’

Studies have shown that the nitrites and nitrates found in meat products can react with certain amines
presentin food and produce N-nitroso compounds, such as nitrosamines, which are carcinogens responsible
for increasing the risk of gastric cancer, the main disease associated with the consumption of processed
meats.”*

In general, consumers have numerous health and food safety concerns, including the consumption of
products containing a large amount of chemical additives, such as preservatives, which increases the demand
for foods made with natural ingredients. Some vegetables can be natural sources of nitrite and nitrate, such
as beet, grape seeds, chestnuts, organic tomato pulp, leeks, and spinach, among others. These foods have
considerable amounts of nitrate in their composition, which can be used as an alternative source of this
additive in meat products.>®

In addition to being high in iron, spinach (Spinacia oleracea) contains high amounts of nitrate and
nitrite.>"" Sebranek & Bacus'? reported levels of 3,227 ppm of nitrate in spinach juice. In addition, easy
planting and fast-growing make spinach a lucrative raw material for use in the food industry."?

Currently, there is a need to reduce and/or replace chemical additives in food production aimed at
producing healthier foods. In turn, it is also known that spinach can serve as a natural preservative for the
food industry due to its high nitrate content. Therefore, this study aimed to evaluate the physicochemical and
microbiological characteristics of fresh pork sausages made with the addition of spinach extracts and spinach
pre-converted by nitrate-reducing bacteria as an alternative source of nitrite during refrigeration storage.

MATERIAL AND METHOD
Material

The reagents used in the analysis and manufacture of the sausages were sodium hydroxide, sodium
tetraborate, zinc acetate, dibasic sodium phosphate, and potassium ferrocyanide from Synth (Sdo Paulo,
Brazil); sulfanilamide and N-(1-Naphthyl) ethylenediamine (NED) from Sigma-Aldrich (Sdo Paulo, Brazil); plate
count agar (PCA), MRS agar, and VRBG agar from Merck (Belo Horizonte, Brazil). Kura Tel Frescal from Conatril
- SBR Foods Ltda (Rio Claro, Brazil) was used as a curing salt. All other reagents were of analytical grade. The
spinach was collected in the city of Chapecd-SC, Brazil (latitude: 27° 05' 47" S, longitude: 52° 37" 06" W). The
raw materials used to produce the fresh sausages were purchased at a local market in the city of Pinhalzinho-
SC.

Production of spinach powder

The spinach was sanitized with a 200 ppm sodium hypochlorite solution for 15 minutes and rinsed
under running water. The spinach (stalk and leaf) was dried at 80 °C (defined in pre-tests) in an oven with a
CE-205 forced air convection system (Cienlab, Brazil) until reaching a moisture content lower than 10%
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(approximately 6 hours). They were then ground in a blender (Diamante 800, Britania, Brazil) and sieved
through a 32-mesh Tyler sieve (Bertel, Brazil).

Preparation and characterization of spinach extracts

To prepare the extracts, 20 g of spinach powder was mixed with 200 mL of distilled water and kept for
2 hours at 90 °C in an SSD 5L thermostatic bath (Solidsteel, Brazil) to extract the compounds of interest,
accordingto Gardes et al."* with adaptations. The extract was then divided into two parts, consisting of extract
1 (pre-converted spinach extract - EEPC) and extract 2 (spinach extract - EE). Then, 0.05% (w:v) of active nitrate
reductase culture containing Staphylococcos carnosus Staphylococcos xylosus (Bactoferm SM-75, CHR Hansen)
was added to the EEPC, and the mixture was placed in a Luca-223 shaker incubator (Lucadema, Brazil) at 30
°Cfor 24 hours, at 100 rpm. The solution was then centrifuged in an SL-700 centrifuge (Solab, Brazil) at 6,000
rpm for 10 minutes and the supernatant was filtered through Whatman No. 1 filter paper and stored in a
drying oven (model 80/280; Lucadema, Brazil) at 90 °C for 15 hours for extract concentration and bacterial
inactivation. The EE was subjected to the same analysis conditions for extract concentration. The EEPC and
EE extracts were stored in amber vials at 4 °C until analysis. The determinations were carried out in triplicate,
as described below.

The pH was determined according to method 981.12.7> The residual nitrite content was determined
using the spectrophotometric method as described by Oliveira et al.,'® in which 10 g of sample were mixed
with 100 mL of deionized water at 60 °C in an Erlenmeyer flask. Then, 5 mL of 0.5% sodium tetraborate
solution (w:v) was added and kept for 15 minutes under agitation in a LUCA-157/28 thermostatic bath
(Lucadema, Brazil). The solution was then transferred to a 250 mL volumetric flask and 5 mL of 15%
potassium ferrocyanide solution (w:v) and 5 mL of 30% zinc acetate solution (w:v) were added, and the volume
was made up with deionized water. The solution was filtered through Whatman No. 1 filter paper, and a 10
mL aliquot was transferred to a 50 mL volumetric flask, with the addition of 5 mL of 0.5% sulfanilamide
solution (w:v) and rest for 3 minutes. Then, 4 mL of 0.5% (w:v) NED solution was added, and the volume was
made up of deionized water. The remaining solution was left to stand for 30 minutes, and absorbance
readings were performed in a Cirrus 80SA spectrophotometer (Femto, BRA) at 540 nm. The standard curve
was previously prepared with sodium nitrite concentrations of 0.16 to 1.12 mg.kg, subjected to the same
procedures as the samples. The results were expressed in mg.kg™' of sample.

The residual nitrate content was determined as proposed by Cataldo et al.'” with adaptations. For that,
0.2 mL of the extract was mixed with 0.8 mL of 5% (v/v) salicylic acid solution in sulfuric acid in a beaker and
kept for 20 minutes at room temperature for the reaction. Then, 19 mL of 2 N sodium hydroxide was added,
and after temperature stabilization for color development (25 °C) absorbance readings were performed at
410 nm in a Cirrus 80SA spectrophotometer (Femto, Brazil). The standard curve was prepared with sodium
nitrate concentrations of 0.002 to 0.06 mg.mL". The results were expressed in mg.kg" of sample

Manufacture of fresh sausages with spinach extract

The fresh sausages were made according to the formulations described in Table 1: negative control
(NC) containing only raw meat material; positive control (PC) containing nitrate/nitrite curing salt; EEPC
containing 4% EEPC extract (pre-converted by nitrate-reducing bacteria); and EE containing 4% EE extract.
The sausages were produced from pork meat and fat previously ground into an 8 mm disk in an MSI-10
industrial grinder (Becker, Brazil), followed by the addition of the other ingredients, which were mixed by hand
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for 15 minutes and then stuffed into 36 mm natural pork casings. The control formulation was produced with
a lower salt content, due to the presence of salt in the sodium nitrite/nitrate condiment

Table 1. Fresh pork sausage formulations made with different types of preservatives. Pinhalzinho, SC,

2022

Raw materials and ingredientes CN (%) CP (%) EEPC (%) EE (%)
Pork leg 85 85 85 85
Pork fat back 15 15 15 15
Salt 2 1.575 2 2
Sodium erythorbate 0.1 0.1 0.1 0.1
Sugar 0.1 0.1 0.1 0.1
Garlic powder 0.05 0.05 0.05 0.05
Onion powder 0.05 0.05 0.05 0.05
Black pepper powder 0.025 0.025 0.025 0.025
Water 4 4 , ,
Spinach extract (E1) , , 4 ,
Spinach extract (E2) - - - 4
Curing salt _ 0.425 R R

Fresh pork sausages: CN - negative control without curing salt; CP - positive control with the addition of curing salt; EE -
spinach extract; EEPC - pre-converted spinach extract.

The sausages were vacuum-packed (200 S sealing machine; Selovac, Brazil) and stored at 4 °C (Solid
Steel, Brazil). All treatments were replicated three times. For each replication, 13 sausages were produced
per treatment. The samples were characterized for proximate composition on day 1, and pH, color
parameters, thiobarbituric acid reactive substances (TBARS), residual nitrite contents, and microbiological
analysis on days 1, 7, 14, 21, 28, and 35 of refrigerated storage (4 °C), as described below.

Characterization of fresh sausages with spinach extract

The proximate composition of the sausages was determined 24 hours after manufacture, as described
by AOAC,, " for moisture (method 925.45 (b)), fat (Soxhlet method 920.39 (c)), ash (method 940.26), and
protein contents (method 920.152), in triplicate. The pH and residual nitrite contents were evaluated in
triplicate, according to the methodologies described for the characterization of spinach extracts.

The color measurements were performed in triplicate using a MiniScan EZ portable colorimeter (Hunter
Lab, Brazil) for the parameters L* (luminosity) (black (0) to white (100)), a* (green (-a*) to red (+a*)), and b*
(blue (-b*) to yellow (+h)), according to the manufacturer's instructions. The color coordinates a* and b* were
used to calculate the chroma values (C*) and Hueangle.'®

To evaluate the lipid oxidation, thiobarbituric acid reactive substances (TBARS) assay was performed as
described by Marangoni & Moura,'® with modifications. For that, 5 g of the sample was homogenized with 30
mL of 7.5% trichloroacetic acid solution, in triplicate. The mixture was filtered through qualitative filter paper
and a 2 mL aliquot of the filtrate was transferred to a test tube with 2 mL of 0.02 M thiobarbituric acid, which
was immersed in an SSD 5L digital thermostatic bath (Solidsteel, Brazil) at 100 °C for 20 minutes. The tubes
were then cooled to room temperature and absorbance readings were performed at 532 nm in a Cirrus 80SA
spectrophotometer (Femto, Brazil). A standard curve was made with concentrations of 0.00 to 0.9 ug.mL" of
1,1,3,3-tetraethoxypropane (TEP). The results were expressed in mg of malonaldehyde (MDA).kg" of sample.
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For the enumeration of aerobic mesophilic bacteria, lactic acid bacteria (LAB), enterobacteria, and
psychrotrophic bacteria, 10 g of the sample was aseptically transferred to sterile plastic stomacher bags, and
90 mL of 0.1% peptone saline solution was added. Then, 0.1 mL of the dilutions were inoculated on to Petri
plates containing plate count agar (PCA) and incubated at 37 °C for 48 hours for aerobic mesophilic bacteria
counts; in Man Rogosa & Sharpe agar (MRS) at 37 °C for 48 hours for LAB counts; in Violet Red Bile Glucose
agar (VRBG) at 37 °C for 24 hours for total enterobacteria counts, according to Pintado et al.,?°. Psychrotrophic
bacteria counts were performed using PCA, incubated at 10 °C for 10 days, according to Schilling et al.?' The
plates with the presence of colonies were counted, and the results were expressed as log CFU.g™.

Statistical analysis

Data were analyzed for analysis of variance (ANOVA) and comparison of means using Tukey's test at a
5% significance level using STATISTICA 14 Trial software (Statsoft).

RESULTS AND DISCUSSION
Characterization of spinach extract

Significant differences (p<0.05) were observed for the residual nitrite and nitrate contents of the
spinach extracts EEPC and EE. EEPC had residual nitrate and nitrite contents of 596.99+0.75 and
1162.68+0.44 mg.kg' respectively, while the spinach extract (EE) had residual nitrate and nitrite contents of
923.22+0.37 and 528.34+0.65 mg.kg ', respectively. The nitrate reductase culture was able to convert nitrate
into nitrite in the spinach extract, resulting in nitrite values twice as high in EEPC. For pH, no significant
differences (p>0.05) were found between the samples EEPC and EE (5.72+0.05 and 5.77+0.01, respectively).

Characterization of fresh sausages made with different preservatives

There were no significant differences between the formulations (p>0.05) for the physicochemical
parameters moisture, fat, protein, and ash (Table 2). The sausages met the identity and quality standards
required for the product, according to Brazilian legislation,?? which establishes max 30% fat, min 12% protein,
and max 70% moisture. These results confirm that the addition of spinach extract did not alter the
physicochemical characteristics of the samples, indicating that it is possible to use the extract in fresh pork
sausage formulations at the concentration studied.

Table 2. Proximate composition of fresh pork sausages during 35 days of refrigeration storage (4 °C). Pinhalzinho, SC,

2022.
Samples Moisture (%) Protein (%) Fat (%) Ash (%)
CN 64.20+1.58 16.01+0.08 11.08+0.41 2.51+0.07
CP 64.01+2.09 15.98+0.07 11.40+0.23 2.68+0.07
EEPC 64.98+1.24 15.92+0.10 11.36+0.29 2.65+0.20

EE 63.65+1.19 15.94+0.06 11.37+0.54 2.68+0.13
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Concerning the pH (Figure 1), a decrease (p<0.05) was observed during 35 days of storage for all
formulations, due to the increase in lactic acid bacteria counts (Table 4). These bacteria have lactic acid as
their metabolic product, which leads to a decrease in pH.?* Djeri & Williams'" reported a reduction in the pH
of mortadella made with celery juice powder as a substitute for nitrite from the third week of storage, due to
an increase in the number (log CFU.g™") of lactic acid bacteria, which is similar to that found in this study.

Figure 1. Results of pH, residual nitrite content and lipid oxidation by the TBARS assay of fresh pork sausages during 35

days of refrigerated storage (4 °C)
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times show a significant difference (p<0.05).
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Concerning the color parameters L*, C*, and Hue angle (Table 3), there was an increase (p<0.05) in the
L* values for the treatments CN, EEPC, and EE from day 1 to 35 of storage, which was not expected since
during the storage of meat products under vacuum, myoglobin oxidizes to metmyoglobin, which is brown,
resulting in the darkening of the samples. However, some factors such as protein denaturation and water
exudation, which are intensified by the pH reduction (Figure 1), may have led to an increase in L* values.?*

Similar results were also reported by Sucu & Turp,” who studied beet powder as a substitute for nitrite
in beef sausages after 56 days of storage.

Regarding the L* values between the samples for the same day, there was no significant difference on
day 1 (p>0.05); however, CP showed a lower L* value (p<0.05) on the last day of storage, i.e., they were darker.
This formulation also showed no variation in this parameter over the 35 days studied, indicating that the
commercial curing salt can maintain color stability, which was not observed for the other formulations.

Table 3. Color parameters luminosity (L*), hue (°Hue), and chromaticity (C*) of fresh pork sausages during 35 days of
refrigerated storage (4 °C). Pinhalzinho, SC, 2022.

Days

Sample 1 7 14 27 28 35
L*
CN 38.21+0.41a¢ 41.99+0.778  41.87+0.28%B  48.04+0.40%*  48.27+0.66**  48.31+1.00%
P 38.64+1.543A 40.97+0.77%A  40.58+0.93°A  40.25+1.37%  39.58+0.16%A  41.04+0.51A
EEPC 37.65+0.453¢ 37.93+0.56C 38.90+0.65C 43.68+0.9208  47.07+0.773A  48.74+0.38%
EE 40.16+1.05%¢ 4227401930 42.83+0.5920  44.57+0.86PBC  4591+0.45P48  47.23+0.65%
°Hue
CN 57.11+1.42% 53.13+0.06%  54.84+1.61°4  60.60+0.61°A  55.89+1.96"%  60.90+1.72
cP 53.56+0.78°C  61.84+1.62%48  60.77+1.858C  65.58+1.28%8  £7.57+0.52%8  £8.09+1.6804
EEPC 55.35+0.78%8  54.46+0.580E 64.12+1.42% 67.44+1.56%  65.84+1.54%  71.35+1.70%
EE 57.29+1.123C 55.58+0.680C 60.84+1.4825 65.10+1.42%A  65.19+1.64%  65.84+0.720A
C*
CN 13.37+0.1208C  13.95+0.79%8  1335+1.1648C  14.56+0.36%*  12.73+0.28°8C  12.04+0.145C
cP 12.91+0.38%48  14.14+0.50% 13.78+0.54% 13.45+0.57%*  12.01+0.42%8  12.95+0.68308
EEPC 14.56+0.40% 14.45+1.16%A 15.02+0.25% 14.35+0.52°A  14.47+0.94%"  13.99+0.46%
EE 14.15+0.29%48C  14.84+0.39%  14.36+0.617*8  13.41+0.54%8C  13.14£0.25%C  13.46+0.25%C

Mean + standard deviation. Fresh pork sausages produced with different preservatives: CN - negative control
without curing salt; CP - positive control with the addition of curing salt; EE - spinach extract; EEPC - pre-converted spinach
extract. Different lowercase letters in the same column show a significant difference between the samples (p<0.05).
Different uppercase letters in the same row show a significant difference between the samples (p<0.05).

The color measurements of the sausages ranged from 53.56° to 71.35°, i.e. they remained between the
red (0°) and yellow (90°) color.?> A significant increase (p<0.05) in °Hue was observed for CP during 35 days
of storage. In turn, EEPC showed an increase followed by stabilization after day 14 of storage. The same
behavior was observed for EE, with a significant increase (p<0.05) up to day 21 of storage. For CN, no
significant differenceswere observed throughout the 35 days of storage (p>0.05). The reddish color of the
sausages, especially on days 1 and 7, is due to the formation of oxymyoglobin.?® The increase in °Hue
observed in CP, EEPC, and EE, which indicates an increase in the yellowish hue, is associated with lipid
oxidation reactions leading to the formation of yellowish polymers,?” which corroborates the results of lipid
oxidation in this study (Figure 1). Furthermore, the increase in °Hue may be due to the pigment from the
spinach extract, which is naturally green. The destruction of myoglobin by bacterial growth can also lead to
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anincrease in Hue angle since the microorganisms use myoglobin as a nutrient, developing a greenish and/or
yellowish color.?

Saturation is directly associated with the concentration of the coloring element and represents a
quantitative attribute. The higher the C*, the greater the color saturation perceptible to humans.?> Overall,
no significant differences (p>0.05) were observed for the C* values of the samples during the 35 days of
storage. It is worth mentioning that changes in color during longer storage times can be minimized by using
natural dyes such as carmine red, which is a common practice in the meat products industry, especially fresh
sausages, which can minimize the sensory rejection resulting from the use of spinach extract.

The values for lipid oxidation increased approximately 2.5 times (p<0.05) for all sausages evaluated
during the period studied (Figure 1). After 35 days of storage, there was no significant difference (p>0.05)
between CP and EEPC, thus the pre-converted extract was as effective as the commercial curing salt in
controlling lipid oxidation in fresh pork sausages. Studies using spinach extract in cured pork loin showed a
similar protective effect in controlling lipid oxidation when compared to synthetic nitrite.?® CN also showed
greater oxidation on days 21 and 35 of storage (p<0.05), showing that the addition of nitrate/nitrite in the
form of spinach extract or commercial curing salt is capable of inhibiting the oxidation process in meat
products.’ Rosa et al.?? reported that values of up to 1.59 mg of MDA kg ' in meat are not perceived by sensory
analysis and do not cause damage to consumer health. In this study, only the positive control samples (PC)
and the samples made with pre-converted spinach extract (EEPC) showed values below 1.59 mg of MDA kg
for the 35 days of storage, thus they may be suitable for consumption from a sensory point of view.

The highest residual nitrite content (p<0.05) was found for the sample CP (Figure 1), on day 1 of storage,
due to the composition of the curing salt, which contains nitrate and sodium nitrite. At 7, 14, and 21 days of
storage, the sample EEPC showed values similar to the positive control (p<0.05). However, at the end of
storage (28 and 35 days), EEPC reached higher values than CP, thus the nitrite content of the samples made
with curing salt decreased more quickly.

A sharper decrease in nitrite in CP was also reported by Bertol et al.° in dry fermented sausages made
with rosemary and celery extract. A decrease of residual nitrite was observed for CP and EEPC (p<0.05)
throughout the storage. During the curing stage, nitrate is reduced to nitrite and the latter to nitric oxide,
which reacts with the iron in the meat's heme pigment molecule, resulting in nitrosomyoglobin, which is
responsible for the formation of the pink color typical of cured meat products.’

Fresh sausage made with spinach extract that was not pre-converted (EE) had a low residual nitrite
content throughout the storage. This extract has high nitrate contents and therefore requires more time
(since the action of nitrate-reducing bacteria can be slow) for conversion to nitrite. The sample CN is not
shown in Figure 1, as no residual nitrite content was detected in this formulation.

Concerning the microbiological characterization, the sausages showed initial (day 1) mesophilic bacteria
counts of 3.5 log CFU.g " (Table 4), which are within the parameters determined by Normative Instruction 161,
of July 1, 2022, which establishes the microbiological parameters for food.>> On day 35 of storage, no
significant differences were observed for bacterial counts of the treatments CP, EEPC, and EE (p>0.05), while
CN showed higher mesophilic bacteria counts (p<0.05). These results indicate that spinach and pre-
converted spinach extracts may have antimicrobial activity similar to commercial curing salt in chilled fresh
pork sausages.
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Table 4. Count of mesophilic bacteria, psychrotrophic bacteria, lactic acid bacteria, and enterobacteria (log CFU.g™) in

fresh pork sausages during 35 days of refrigerated storage (4 °C). Pinhalzinho, SC, 2022.

Storage time (days)

Samples 1 7 14 21 28 35
Mesophilicbacteria

CN 3.55+0.09D 6.25+0.10%8¢ 6.55+0.172 6.33+0.0738¢ 6.04+0.063C 7.96+0.15%
CP 3.57+0.12@D 3.89+0.09bCD 4.61+0.33¢C 5.53+0.41b8 5.82+0.46%8 6.63+0.330A
EEPC 3.42+0.14%¢ 4.38+0.43b0 4.90+0.15pPccD 5.15+0.1208¢ 5.76+0.21%8 7.04+0.145A
EE 3.52+0.122C 4.29+0.24b¢ 5.46+0.46b8 6.67+0.15% 6.61+0.182* 7.05+0.1104
Psychrotrophic bacteria

CN 4.29+0.032¢ 7.47+0.15% 7.29+0.012"8 7.35+0.202018 7.45+0.042A 7.61+0.04A
CP 4.17+0.1420 4.44+0.11P 5.21+0.27°¢ 6.55+0.25B 7.05+0.05048 7.5140.05PA
EEPC 4.27+0.212¢ 6.81+0.04048 7.19+0.192A 7.09+0.05PA 6.63+0.17<B 7.42+0.095A
EE 4.28+0.092¢ 7.39+0.1328 7.60+0.743A8 7.68+0.19348 7.4140.05% 7.9240.113A
Lacticacid bacteria

CN 3.14+0.148¢ 5.44+0.36° 5.92+0.14b8 6.25+0,078 6.31+0.16% 7.26+0.15%
CP 3.04+0.12 3.41+0.230 4.68+0.16 5.66+0.29¢B 6.40+0.232A 6.50+0.120A
EEPC 2.70+0.09P 3.65+0.09°¢ 4.37+0.098 4.97+0.0998 4.86+0.098 6.28+0.10PA
EE 2.62+0.15% 5.85+0.133C 6.70+0.08% 6.73+0.098 5.23+0.27 7.37+0.04%
Enterobacteria

CN 1.91+0.132¢ 3.30+0.25% 4.15+0.199 3.33+0.05% 4.29+0.45% 4.59+0.35%A
CP 2.00+0.13@BC 1.68+0.33¢¢ 2.02+0.16E¢ 2.31+0.07P48 2.45+0.22048 2.75+0.03bA
EEPC 2.08+0.2628 2.23+0.06P8 2.54+0.23"8 2.62+0.320"8 2.62+0.110"8 2.93+0.54bA
EE 2.20+0.06%0 2.76+0.10%¢ 3.28+0.37°8 3.72+0.212%8 3.8140.11°" 4.19+0.06%A

Mean + standard deviation. Fresh pork sausages produced with different preservatives: CN - negative control
without curing salt; CP - positive control with the addition of curing salt; EE - spinach extract; EEPC - pre-converted spinach
extract. Different lowercase letters in the same column show a significant difference between the samples (p<0.05).
Different uppercase letters in the same row show a significant difference between the samples (p<0.05).

Regarding the psychrotrophic bacteria (Table 4), a significant increase (p<0.05) was observed for CN,
EEPC, and EE from day 1 to 7, which remained stable or increased slightly until the last day of storage. The
CP showed a significant increase (p<0.05) after 14 days of storage, with no difference from the EEPC at 35
days of storage (p>0.05), indicating that EEPC had a similar effect to commercial curing salt on these
microorganisms.

Although the current legislation has no limit established for psychrotrophic bacteria counts, they are
indicators of quality and shelf life since they develop well at refrigeration temperatures and are capable of
deteriorating the product, reducing the shelf life of refrigerated foods.?*> Miyagusku et al.** evaluated
irradiated chicken breast cuts and reported the formation of surface slime on the product and an unpleasant
odor for psychrotrophic bacteria counts above 6 log CFU.g™".

No significant differences (p>0.05) were observed for lactic acid bacteria countsof the formulations on
day 1 (Table 4), with an increase throughout the shelf life for all formulations. At 35 days of storage, the
sausages CP and EEPC had the lowest counts of this microorganism and did not differ statistically from each
other (p>0.05).

The high LAB counts in CN and EE at 35 days of storage may be due to the low nitrite content or absence
of this preservative in these formulations.?> According to Sukumaran et al.,*® meat products with lactic acid
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bacteria counts of more than 7 log CFU.g" are unfit for consumption. Therefore, CP and EEPC can be
considered safe for consumption after 35 days of storage.

Similar behavior was observed for the enterobacteria counts (Table 4). Initially, no significant difference
was observed between the formulations, with an increase (p<0.05) throughout the storage for all
formulations, with lower values observed for CP and EEPC, and no difference between them at the end ofthe
refrigerated storage (day 35) (p<0.05).

High enterobacteria counts may be due to the microbial quality of the raw material?” and are generally
associated with meat spoilage.®® These results confirm that pre-converted spinach extract is as effective as
commercial curing salt in inhibiting pathogenic microorganisms.

CONCLUSION

Fresh pork sausages made with spinach extract showed similar physicochemical characteristics for
moisture, protein, fat, and ash contents when compared to sausages made with commercial curing salt. The
use of pre-converted spinach extract proved to be more effective in inhibiting lipid oxidation and controlling
the growth of mesophilic microorganisms, lactic acid bacteria, and enterobacteria in fresh pork sausages over
35 days of refrigerated storage, when compared to the formulation containing unconverted spinach extract
(EE).

Thus, even though spinach is an excellent source of nitrate, a pre-conversion step is necessary before
its use as a substitute for sodium nitrite. Spinach can be considered a promising alternative for the meat
industry, enabling the development of products with a lower content of chemical additives and meeting a
growing demand for clean-label products and, consequently, greater healthiness. However, it is worth noting
that, according to the National Health Surveillance Agency, a safety assessment must be carried out to
authorize the use of new food additives to guarantee safe consumption within the limits established by law.

ACKNOWLEDGMENTS

The authors thank UDESC - Universidade do Estado de Santa Catarina, Chr. Hansen and ICL Food
Specialties for their support in carrying out the research

REFERENCES

1. Flores M, Toldra F. Chemistry, safety, and regulatory considerations in the use of nitrite and nitrate from natural
origin in meat
2. products - Invited review. Meat Science. 2021 Jan;171:108272. https://doi.org/10.1016/j.meatsci.2020.108272.

3. Corpet DE. Red meat and colon cancer: should we become vegetarians, or can we make meat safer? Meat
Science. 2011 Nov;89(3):310-316. https://doi.org/10.1016/j.meatsci.2011.04.009.

4.  Mey ED, Maere HD, Paelinck H, Fraeye I. VolatileN-nitrosamines in meat products: Potential precursors, influence
of processing, and mitigation strategies. Critical Reviews in Food Science and Nutrition. 2017 Sep;57(13):2909-
2923. https://doi.org/10.1080/10408398.2015.1078769.



DEMETRA

5.

10.

11.

12,

13.

14.

15.

16.

17.

18.

Fraqueza MJ, Borges A, Patarata L. Strategiesto Reduce the Formation of Carcinogenic Chemicals in Dry Cured
Meat Products. Food Control and Biosecurity. 2018 Feb;295-342. https://doi.org/10.1016/B978-0-12-811445-
2.00009-X.

Tsoukalas DS, Katsanidis E, Marantidou S, Bloukas JG. Effect of freeze-dried leek powder (FDLP) and nitrite level on
processing and quality characteristics of fermented sausages. Meat Science. 2011 Feb;87(2):140-145.
https://doi.org/10.1016/j.meatsci.2010.10.003.

Hayes JE, Canonico |, Allen P. Effects of organic tomato pulp powder and nitrite level on the physicochemical,
textural and sensory properties of pork luncheon roll. Meat Science. 2013 Nov;95(3):755-762.
https://doi.org/10.1016/j.meatsci.2013.04.049.

Sucu C, Turp GY. The investigation of the use of beetroot powder in Turkish fermented beef sausage (sucuk) as
nitrite alternative. Meat Science. 2018 Jun;140:158-166. https://doi.org/10.1016/j.meatsci.2018.03.012.

Aquilani C, Sirtori F, Flores M, Bozzi R, Lebret B, Pugliese C. Effect of natural antioxidants from grape seed and
chestnut in combination with hydroxytyrosol, as sodium nitrite substitutes in Cinta Senese dry-fermented
sausages. Meat Science. 2018 Nov;145:389-398. https://doi.org/10.1016/j.meatsci.2018.07.019.

Citak S, Sonmez S. effects of conventional and organic fertilization on spinach (Spinacea oleracea L.) growth, yield,
vitamin C and nitrate concentration during two successive seasons. ScientiaHorticulturae. 2010 Oct;126(4):415-420.
https://doi.org/10.1016/j.scienta.2010.08.010.

Chang AC, Yang TY, Riskowski GL. Ascorbic acid, nitrate, and nitrite concentration relationship to the 24 hour
light/dark cycle for spinach grown in different conditions Food Chemistry 2013 May;138(1):382-388.
https://doi.org/10.1016/j.foodchem.2012.10.036.

Djeri N, Williams SK. Celery Juice Powder Used as Nitrite Substitute in Sliced Vacuum-Packaged Turkey Bologna
Stored at 4C for 10 Weeks Under Retail Display Light. Journal of Food Quality. 2014 Sep15;37(5):361-370.
https://doi.org/10.1111/jfq.12102.

Sebranek JG, Bacus JN. Cured meat products without direct addition of nitrate or nitrite: what are the issues? Meat
Science. 2007 Sep;77(1):136-147. https://doi.org/10.1016/j.meatsci.2007.03.025.

Medeiros GA de, Furuta KKD. Agricultura urbana: desenvolvimento de um prototipo para o cultivo de hortalicas
em ambiente residencial. Revista lbero-Americana de Ciéncias Ambientais. 2021 Jan;12(3):651-663.
http://doi.org/10.6008/CBPC2179-6858.2021.003.0052.

Gardes B, Borsato D, Silva LCN da. Determinacdo do teor de nitrato em vegetais da regido de Londrina por
complexac¢do do acido salicilico. Semina: Ciéncias Bioldgicas e da Saude. 1986 Dez 15;7(2):60-61.
https://doi.org/10.5433/1679-0367.1986v7n2p60.

Latimer, GW. Official methods of analysis: of AOAC international. 20 ed. Maryland: AOAC; 2016.

Oliveira JF de, Silva UR da, Pastore VAA, Azevedo EC de, Campos GM de, Silva FCG dg, et al. Determinagdo espectrofotométrica de
nitrito em produtos carneos embutidos. Revista Brasileira de Higiene e Sanidade Animal [Internet]. 2017 Mar 20;11(1):19-31.
[acesso em 15 mar 2023] Disponivel em: http:/Avwww.higieneanimal.ufc.br/seer/index.php/higieneanimal/articleview/377.

Cataldo DA, Maroon M, Schrader LE, Youngs VL. Rapid Colorimetric Determination of Nitrate in Plant-Tissue by
Nitration of Salicylic-Acid. Communications in Soil Science and Plant Analysis. 1975 Jan;6(1):71-80.
https://doi.org/10.1080/00103627509366547.



@ Spinach as a preservative in fresh sausage

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Sehn GAR, Schaefer SV, Schmiele M, Silva BP, Barcia MT, Rodrigues RS. Characterization of pseudo-fruits of
Hovenia dulcis T. at diferente maturation stages and drying methods. Acta Scientiarum Technology. 2021
Jun;43:e50571. https://10.4025/actascitechnol.v43i1.50571.

Marangoni C, Moura NF de. Antioxidant activity of essential oil from Coriandrum Sativum L. in Italian salami. Food
Science and Technology. 2011 Mar;31(1):124-128. https://doi.org/10.1590/50101-20612011000100017.

Pintado T, Herrero AM, Jiménez-Colmenero F, Pasqualin CC, Ruiz-Capillas C. Chia and oat emulsion gels as new
animal fat replacers and healthy bioactive sources in fresh sausage formulation. Meat Science. 2018 Jan;135:6-13.
https://doi.org/10.1016/j.meatsci.2017.08.004.

Schilling MW, Pham AJ, Williams JB, Xiong YL, Dhowlaghar N, Tolentino AC, et al. Changes in the physiochemical,
microbial, and sensory characteristics of fresh pork sausage containing rosemary and green tea extracts during
retail display. Meat Science. 2018 Sep;143:199-209. https://doi.org/10.1016/j.meatsci.2018.05.009.

Brasil. Instru¢do Normativa n° 4, de 31 de marco de 2000. Aprova os Regulamentos Técnicos de Identidade e
Qualidade de Carne Mecanicamente Separada, de Mortadela, de Linguica e de Salsicha. Diario Oficial da Republica
Federativa do Brasil. 2000 Abr;6p; Secdo 1. [Acesso em 28 fev. 2023]. Disponivel em:
https://www.gov.br/agricultura/pt-br/assuntos/defesa-agropecuaria/copy_of_suasa/regulamentos-tecnicos-de-
identidade-e-qualidade-de-produtos-de-origem-animal-1/rtig-carneos-e-seus-derivados-1.

Alcantara M de, Morais ICL de, Souza C de MO da CC de. Principais microrganismos envolvidos na deterioragdo
das caracteristicas sensoriais de derivados carneos. Revista Brasileira de Higiene e Sanidade Animal. 2012
Jan;6(1):1-20. http://dx.doi.org/10.5935/1981-2965.20120001.

Luong NDM, Jeuge S, Coroller L, Feurer C, Desmonts MH, Moriceau N, et al. Spoilage of fresh turkey and pork
sausages: Influence of potassium lactate and modified atmosphere packaging. Food Research International. 2020
Nov;137:109501. https://doi.org/10.1016/j.foodres.2020.109501.

Pathare PB, Opara UL, Al-Said FAJ. Colour Measurement and Analysis in Fresh and Processed Foods: A Review.
Food and Bioprocess Technology. 2012 May11;6(1):36-60. https://doi.org/10.1007/s11947-012-0867-9.

Chakanya C, Arnaud E, Muchenje V, Hoffman LC. Colour and oxidative stability of mince produced from fresh and
frozen/thawed fallow deer (Damadama) meat. Meat Science. 2017 Apr;126:63-72.
https://doi.org/10.1016/j.meatsci.2016.12.008.

Parrini S, Sirtori F, Acciaioli A, Becciolini V, Crovetti A, Franci O, et al.Effect of Replacement of Synthetic vs. Natural
Curing Agents on Quality Characteristics of Cinta Senese Frankfurter-Type Sausage. Animals. 2019 Dec19;10(1):14.
https://doi.org/10.3390/ani10010014.

Kim TK, Kim YB, Jeon KH, Park D, Sung JM, Choi HW, et al. Effect of Fermented Spinach as Sources of Pre-
Converted Nitrite on Color Development of Cured Pork Loin. Korean Journal for Food Science of Animal
Resources. 2017 Feb28;37(1):105-113. https://10.5851/kosfa.2017.37.1.105.

Rosa CS, Kubota E, Stein M, Nogara GP, Vizzoto M. Avaliacdo do efeito de extrato de farinha de alfarroba
(Ceratoniasiliqua Ldpis.) na estabilidade oxidativa e cor de hamburgueres congelados. Semina: Ciéncias Agrarias.
2013 Out17;34(5):2277-2286. https://doi.org/10.5433/1679-0359.2013v34n5p2277.

Bertol TM, Fiorentini AM, Santos MJH, Sawitzki MC, Kawski VL, Agnes IBL, et al. Rosemary extract and celery-based
products used as natural quality enhancers for colonial type salami with different ripening times. Food Science
and Technology. 2012 Oct16;32(4):783-792. https://doi.org/10.1590/50101-20612012005000110.

Moller JKS, Skibsted LH. Nitric Oxide and Myoglobins. Chemical Reviews. 2002 Mar;102(4):1167-1178.
https://doi.org/10.1021/cr000078y.


http://dx.doi.org/10.5935/1981-2965.20120001

DEMETRA

33. Brasil. Instrucdo Normativa n° 161, de 1 de julho de 2022. Estabelece os padr8es microbioldgicos dos alimentos.
Diario Oficial da Republica Federativa do Brasil. 2022 6Jul;133p. [Acesso em 23 mar. 2023]. Disponivel em:
http://antigo.anvisa.gov.br/documents/10181/2718376/IN_161_2022_.pdf/b08d70cb-add6-47e3-a5d3-
fa317c2d54b2.

34. Bezerra MVP, Abrantes MR, Silvestre MKS, Sousa ES, Rocha MOC, FaustinoJG, et al. Avaliagdo microbiolégica e fisico-quimica de
linguica toscana no Municipio de Mossord, RN. Arquivos do Instituto Bioldgico. 2012 Mai; 79(2).297-300. [Acesso em 23 abr. 2023].
Disponivel em: https://imww.scielo.br/j/aib/a/8DmayKRINHWz4xjxvicBR/?format=pdf.

35. Miyagusku L, Chen F, Leitdo MF de, Baffa O. Avaliacdo microbioldgica e sensorial da vida-Util de cortes de peito de
frango irradiados. Ciéncia e Tecnologia de Alimentos. 2003 Dez;23:7-16. https://doi.org/10.1590/50101-
20612003000400003.

36. Hospital XF, Carballo J, Fernandez M, Arnau J, Gratacds M, Hierro E. Technological implications of reducing nitrate
and nitrite levels in dry-fermented sausages: Typical microbiota, residual nitrate and nitrite and volatile profile.
Food Control. 2015 Nov;57:275-281. https://doi.org/10.1016/j.foodcont.2015.04.024.

37. Sukumaran AT, Holtcamp AJ, Englishbey AK, Campbell YL, Kim T, Schilling MW, et al. Effect of deboning time on the
growth of Salmonella, E. coli, aerobic, and lacticacid bacteria during beef sausage processing and storage. Meat
Science. 2018 May1;139:49-55. https://doi.org/10.1016/j.meatsci.2018.01.012.

38. Honrado A Ainsa A Marquina PL, Beltran JA, CalancheJB. Low-fat fresh sausage from rabbit meat: An alternative to traditional
rabbit consumption. Meat Science. 2022 Sep;194:1-10. https://doi.org/10.1016/.meatsci.2022.108973.

39. Fasolato L, Carraro L, Facco P, Cardazzo B, Balzan S, Taticchi A, et al. Agricultural by-products with bioactive effects:
A multivariate approach to evaluate microbial and physicochemical changes in a fresh pork sausage enriched with
phenolic compounds from olive vegetation water. International Journal of Food Microbiology. 2016Jul;228:34-43.
http://dx.doi.org/10.1016/j.ijffoodmicro.2016.04.003.

Contributors

Cherobin AK participated in the conception and design, analysis and data interpretation, review, and approval of the final
version; Amaral AMP participated in the conception and design; Moroni LS participated in the analysis and data
interpretation; Cavalheiro D participated in the review and approval of the final version; Sehn GAR participated in the
review and approval of the final version.

Conflict of Interest: The authors declare no conflict of interest.

Received: May 17, 2023
Accepted: September 1, 2023


https://doi.org/10.1016/j.meatsci.2022.108973

CADERNO

DE CIENCIAS . ) ICA
AGRARIAS CADERNO DE CIENCIAS AGRARIAS | J— UF m G
@ Agrarian Sciences Journal DE CIENCIAS

Agrarian Sciences Journal

Hydroalcoholic extraction of antioxidant compounds in Japanese grape pseudofruits

Gisiéli Carla Morandin!, Sabrina Vicentini Schaefer?, Adrieli Maiandra Piccinin do Amaral?, Elisandra Rigo?*,
Georgia Ane Raquel Sehn®, Darlene Cavalheiro®*

DOI: https://doi.org/10.35699/2447-6218.2023.45007

Abstract

The pseudofruit of Japanese grape is rich in sugar and phenolic compounds but little explored for extracting antioxi-
dant compounds. The objective of the study was to extract and evaluate the antioxidant capacity of these pseudofruits
harvested at two maturation stages: the development phase (DP) and the mature phase (MP). The pseudofruits were
evaluated regarding the centesimal composition and physicochemical characteristics and submitted to extraction with
100% water, 50% ethanol, and 100% ethanol. For the extracts, we determined the phenolic compound content and
the antioxidant activity using radical capture methods ABTS and DPPH. Pseudofruits may be considered a good source
of dietary fiber, regardless of the maturation stage, proving to be a promising raw material for use in foods. Moreover,
pseudofruits in the MP presented an increase in the contents of soluble solids, reducing and non-reducing sugars,
and titratable acidity, attributed to the formation of the galacturonic acid during the maturation process. Among the
solvent used, extraction with 50% ethanol resulted in a larger phenolic compound content and better antioxidant
activity, especially for the pseudofruits in the DB characterizing them as a vegetable matrix of excellent antioxidant
capacity and with potential for application in foods and drugs.

keywords: Phenolic compounds. ABTS. DPPH. Maturation. Hovenia dulcis.

Extracao hidroalcdolica de compostos antioxidantes em pseudofrutos da uva Japao
Resumo

O pseudofruto da uva Japao € rico em agticares e compostos fendlicos, mas ainda pouco explorado para extracdo de
compostos antioxidantes. O objetivo do estudo foi extrair e avaliar a capacidade antioxidante desses pseudofrutos
colhidos em dois estddios de maturacdo: a fase de desenvolvimento (FD) e a fase madura (FM). Os pseudofrutos foram
avaliados quanto a composicdo centesimal e caracteristicas fisico-quimicas e submetidos a extra¢cdo com dgua 100%,
etanol 50% e etanol 100%. Para os extratos, determinamos o teor de compostos fendlicos e a atividade antioxidante
pelos métodos de captura de radicais ABTS e DPPH. Os pseudofrutos podem ser considerados uma boa fonte de fibra
alimentar, independentemente do estddio de maturacdo, mostrando-se uma matéria-prima promissora para utilizagéo
em alimentos. Além disso, os pseudofrutos na FM apresentaram aumento nos teores de sélidos soltveis, agticares
redutores e ndo redutores e acidez tituldvel, atribuidos a formacdo do acido galactur6énico durante o processo de
maturacdo. Dentre os solventes utilizados, a extracdo com etanol 50% resultou em maior teor de compostos fenélicos
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e melhor atividade antioxidante, principalmente para os pseudofrutos da FD, caracterizando-os como uma matriz
vegetal de excelente capacidade antioxidante e com potencial para aplicacdo em alimentos e farmacos.

Palavras-Chave: ABTS Compostos fendlicos. DPPH. Hovenia dulcis. Maturacéo.

Introduction

Hovenia dulcis T. (Rhamnaceae), commonly
known as the Japanese grape, produced pseudofruits,
and these edible parts have antialcohol, liver protec-
tion, anti-fatigue, anti-steatosis, and anti-inflammatory
functions, moreover polysaccharides with hypoglycemic
activity (Yang et al., 2022). Thus, pseudofruits can be
explored, as they present biocompounds with potential
for application in functional foods and pharmaceutical
products.

Extraction is the first step to separate biologically
active compounds from natural products, and solvent
extraction is the most widely used method (Tileuberdi et
al., 2022). The main solvents used are of organic origins,
such as methanol and ethanol, or also an aqueous solvent,
and these may be used separately or combined (Sarfarazi
etal., 2019; He et al., 2023). Among the variety of solvents
that may be used, ethanol presents some advantages. It
is produced by biotechnology, does not generate toxic
residues, its flammability degree is intermediary, and it
is considered safe for human health, so it may be used
for extracting vegetable compounds for application in
the most diverse industries such as food, pharmaceutics,
and cosmetics, among others (Nikoli¢ et al., 2023).

Therefore, with the objective of obtaining more
knowledge about the functional potential of the pseu-
dofruits of H. dulcis as an alternative source of bioactive
compounds for the industry, this study performed the
hydroalcoholic extraction with pseudofruits harvested
at two maturation stages and determined the phenolic
compound content and the antioxidant capacity of the
extracts. Moreover, the pseudofruits were evaluated for
their centesimal composition and physicochemical cha-
racteristics.

Material and Methods
Sample collection

The pseudofruits were harvested from the same
tree in the city of Chapecd, Santa Catarina, Brazil (la-
titude 27°05’08.7” S and longitude 52°36’58.9” W), in
two periods: February, the development phase (DP), and
April, the mature phase (MP). After the harvesting, the
pseudofruits were selected, sanitized in running water
then immersed in a 200 ppm hypochlorite solution for
15 minutes. Next, they were separated into two batches:
the first was used for characterizing the pseudofruits
in natura, while the second was frozen at -86 °C in an
Ultrafreezer (ULT 335/710 D Vertical, Indrel) involved

in a dark-colored plastic packaging until the antioxidant
capacity analyses were performed.

Characterization of the pseudofruits in natura

The centesimal composition of the pseudofruits
was determined through moisture, ash, lipid, protein, and
total dietary fiber analyses, as per methodologies 934.06,
940.26, 920.39, 960.52, and 985.29 by AOAC (2016),
respectively. The carbohydrate content was calculated
by difference.

For the pH, titratable acidity, soluble solids, redu-
cing and non-reducing sugars, the samples in natura were
crushed in a mixer (250W, Walita) for 30 s. To determine
the pH, 10 g of the crushed samples were quantified on
an analytical balance and diluted in 100 mL of water and
the reading was carried out with a previously calibrated
pH meter (MPA210, Tecnopon). The titratable acidity
was determined as per methodology no. 962.19 (AOAC,
2016). For determining the total soluble solids, 3 to 4
drops of the samples homogenized in 10 mL of water
were transferred to the refractometer prism (RFM 732,
Bellingham Stanley). The analyses of reducing sugars in
glucose and non-reducing sugars in sucrose were carried
out employing the Lane-Eynon method, using Fehling’s
solution (AOAC, 2016).

Extraction of antioxidant compounds

For extracting the antioxidant compounds, the
methodology proposed by Larrauri et al. (1997) was
followed with modifications. The extractions were car-
ried out in batch duplicate with extractor solvents 100%
water, 100% ethanol, and ethanol-water (50:50, v/v)
in the pseudofruit-solvent proportion of 1.5:10 (w/v).
We used a shaker incubator (Luca-223, Lucadema) at
30=+1 °C with an agitation speed of 40 rpm for 60 min.
The mixtures were filtered with quantitative filter paper
‘Whatman’ no. 40, and the filtrate was stored in an amber
bottle involved with aluminum foil at 4.0+1 °C for 24 h
in a refrigerator (CRD37EB, Consul) until the analyses
were performed.

Determination of the total phenolic compounds and
antioxidant activity through the capture of free radi-
cals DPPH and ABTS+

The quantification of the phenolic compounds
was carried out in triplicate using the Folin-Ciocalteu
colorimetric method (Singleton and Rossi, 1965). The
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quantitative evaluation of the antioxidant activity was
determined by the free radical capture of DPPH metho-
dology (Rufino et al., 2007a). The results were expressed
in EC50. The total antioxidant activity was determined
by the free radical capture of ABTS according to the
method described by Rufino et al. (2007b). The results
were expressed in uM Trolox.g! of dry sample.

Statistical analysis

The results of the quantifications that presented
a null hypothesis occurrence probability lower than 5%
(p<0.05) applying an ANOVA were considered statisti-
cally different, followed by multiple comparisons by the

Tukey test. All analyses were conducted using the trial
version of software trial STATISTICA 14 (Statsoft).

Results and Discussions
Characterization of the pseudofruits in natura

Significant differences (p<0.05) were observed
between the two maturation stages (Figure 1) for all
pseudofruit characterization analyses performed (Table
1), except for the protein content. For the total dietary
fiber content, a reduction was observed from the DP to
the MP. This change may be attributed to the increase
in the solubility of the pectic polysaccharides, with this
being an alteration observed in the maturation of fleshy
fruits (Liu et al., 2023).

Table 1 — Characterization (dry base) of Japanese grape pseudofruits at different maturation stages

Maturation stage

Analyses

Development phase

Mature phase

Moisture (%)

Ash (%)

Protein (%)

Lipids (%)

Total dietary fiber (%)
Carbohydrates (by difference) (%)
Total soluble solids (°Brix)
Reducing sugars (%)
Non-reducing sugars (%)
Titratable acidity (%)

pH

64.45 = 0.20° 70.18 = 0.93*
1.96 = 0.08* 1.52 = 0.09°
7.19 = 0.62° 7.97 = 0.48°
1.39 = 0.072 1.17 = 0.06°
61.74 + 3.66° 41.66 + 3.68°
89.46 89.34
4.50 = 0.10° 10.10 = 0.202
5.33 = 0.18" 7.97 = 0.18°
2.84 = 0.67° 6.54 = 0.16°
4.17 = 0.11° 5.00 = 0.21°
6.49 + 0.01° 6.68 = 0.04°

Values expressed as averages + standard deviation. finserted in the carbohydrate fraction; Averages on the same line followed by equal letters do

not present significant differences according to the Tukey test (p<0.05).

Carbohydrates constitute the majority compo-
nent of the pseudofruits of the Japanese grape. During
the maturation, an increase occurred in contents of total
soluble solids and reducing and non-reducing sugars due
to the hydrolysis of the starch, which is present in greater
amounts in immature fruits (Ali et al., 2022). Over the
maturation stage, an increase in pH and titratable acidity
was observed. In fruit maturation, there is usually an
increase in the ratio of soluble solids to titratable acidity
resulting from the increase in the soluble solid content
and decrease in titratable acidity; however, in this study,
this reduction was not observed.

Evaluation of the hydroalcoholic extracts of pseu-
dofruits

The study of the extraction conditions, among
them the type of solvent and concentration thereof, is

extremely important to quantify the antioxidant poten-
tial of vegetable extracts (Table 2). It was observed that
the content of total phenolic compounds (TPC) differed
significantly (p<0.05) among the three solvent systems
evaluated, being higher for solvent 50% ethanol (v/v)
in both maturation stages (DP and MP).

The physicochemical characteristics of the diluted
ethanolic solvent system possibly resemble, to a higher
degree, the characteristics of most phenolic compounds
present in the samples evaluated. The type of solvent and
the polarity may affect the transference of electrons and
hydrogen atoms, which is a key aspect in evaluating the
phenolic compounds and antioxidant capacity (Gonza-
lez-Cardoso et al., 2023).

The values for TPC obtained in the extractions
with different systems were influenced by the maturation
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of the pseudofruits. Regardless of the extractor solvent
used, the DP presented a higher content (p<0.05) of
phenolic compounds than the MP. This difference bet-
ween the stages was more significant when the solvent
used was 100% ethanol, with the TPC content in the DP

being 3.5 times that of the MP It is worth stressing that
the hydroalcoholic extract (50% ethanol) of the Japanese
grape pseudofruit proves to be an alternative for extracting
a high amount of phenolic compounds.

Figure 1 — Maturation stages of the Hovenia dulcis pseudofruits

Table 2 — Total phenolic compounds and antioxidant activity of the extracts of Japanese grape pseudofruits in different

maturation stages, obtained with different solvents.

. Maturation Solvents
Analysis
stage 100% Water 50% Ethanol 100% Ethanol
DP 182.27 = 1.74% 347.49 + 0.662 28.18 = 3.00«
TPC
MP 153.85 + 4.35% 272.47 + 2.94® 7.97 £ 3.42®
DP 494 .4 + 62,98 66.7 + 7.9 53443.8 + 88.4®
EC50
MP 16240.0 + 63.6™ 2865.0 + 28.34 101387.5 = 141.4*
DP 11.15 + 1.02b» 345.34 + 3.51* 2.52 + 0.10
ABTS
MP 7.10 = 0.41b® 24.55 + 1.10% 1.62 = 0.10®

Values expressed as averages + standard deviation. DP: development phase; MP: mature phase; Different lower-case letters on the same line and
different upper-case letters on the same columns, for the same analysis, indicate significant differences from the others (p<0.05); TPC: total phenolic
compounds expressed in mg of gallic acid equivalent per 100 g of dry sample; ABTS expressed in uM of Trolox per g of dry sample; EC50: extract
concentration in ug/mL capable of reacting with 50% of the radical present in the DPPH solution.

For the ABTS and EC50 analyses (extract con-
centration in ug/mL capable of reacting with 50% of the
radical present in the DPPH solution), in which lower
EC50 values result in higher antioxidant activity, the
extraction with 50% ethanol (v/v) rendered more con-
siderable antioxidant activity in both maturation stages
(Table 2). The lowest efficiency was found for the 100%
ethanol solvent, while water presented intermediary ef-
ficiency. When a higher number of OH groups is added,
stemming from ethanol, an increment in the hydrogen
bonds between the solute and water occurs, and, with
this, there is an increase in the solubility of some bioac-
tive compounds of Hovenia dulcis (Martins et al., 2013).

However, possibly, when a larger number of OH groups is
added (100% ethanol), the solubility of such compounds
decreases considerably.

The antioxidant activity was significantly diffe-
rent (p<0.05) between the two maturation stages for all
solvents used, being higher for the DP. These results can
be attributed to the phenolic compound content; however,
as the fruits mature, their phenols undergo oxidation
processes by polyphenol oxidase and participate in the
biosynthesis of anthocyanins, which accumulate during
fruit maturation, increasing the antioxidant activity or
keeping it high (Schwartz et al., 2009). Non-phenolic
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compounds such as acids (ascorbic, tartaric, and citric)
found in developing fruits, or their synergic action with
the phenolic compounds, may also have contributed to
the higher antioxidant activity of the pseudofruits at this
phase (Maieves et al., 2015).

Conclusions

The solvent system used for extraction and the
maturation stage of pseudofruits from the Japanese
grape influenced the total phenolic compound content
and the antioxidant activity of the extracts directly, with
50% ethanol (v/v) proving to be the best solvent for
extracting phenolic compounds and antioxidant activity
(evaluated through the ABTS radical capture method and
extract capable of reacting with 50% of the DPPH radical).
Pseudofruits in the development phase (DP) are richer
in phenolic compounds and present more considerable
antioxidant activity compared to those in the mature
phase (MP) when extracted with the solvents 100% water,
50% ethanol (v/v), and 100% ethanol. Moreover, the
pseudofruits of Hovenia dulcis T. present a high amount
of dietary fiber at the two maturation stages evaluated,
proving to be a promising source of this nutrient for use
in the food industry, along with its antioxidant potential.
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Japanese grape (Hovenia dulcis) powder as an
antioxidant agent in Bologna sausages

Sabrina Vicentini Schaefer, Adrieli Maiandra Piccinin do Amaral,
Ana Karolina Cherobin, Larissa Karla Monteiro, Gisiéli Carla Morandin,
Carolina Fischer, Darlene Cavalheiro © and Georgia Ane Raquel Sehn”

Abstract

BACKGROUND: The Japanese grape (Hovenia dulcis Thunberg) has potential as an antioxidant due to its high content of phe-
nolic compounds in the early maturation stages. In this study, the antioxidant sodium erythorbate (CONTROL) was replaced
by Japanese grape pseudofruits dehydrated by freeze-drying (FDP) and oven drying (OP), in Bologna sausages. The commercial
natural antioxidant licresse (LS), based on licorice, has also been studied.

RESULTS: No significant differences (P < 0.05) were observed for the proximate composition and the texture profile of the Bolo-
gna sausages. An increase in pH was observed during storage for all formulations. At 28 days, the treatments FDP and OP were
darker (lower L* values) and less red (lower a* values), possibly due to the presence of tannins in these samples, which may have
bound with the iron present in myoglobin and minimized the oxidation reactions. The use of different antioxidants affected the
nitrite contents of the Bologna sausages during storage. Regarding the lipid oxidation, the Japanese grape powder was more
effective in delaying the oxidation reactions in Bologna sausages after 14 and 21 days of storage when compared to LS and the
CONTROL, respectively.

CONCLUSION: The Japanese grape powders were effective in retarding the lipid oxidation of Bologna sausages, possibly due to
the presence of bioactive compounds, such as phenolic compounds, tannins, and ascorbic acid, showing the potential of these
pseudofruits as antioxidants for use in meat products.

© 2022 Society of Chemical Industry.

Keywords: pseudofruit; dehydration; bioactive compounds; Bologna sausages; lipid oxidation
]

INTRODUCTION Antioxidants are compounds that can delay or prevent oxidation,
degradation, discoloration, and rancidity, maintaining the initial sen-
sory properties and extending the shelf life of the products.” In gen-
eral, synthetic antioxidants have been used in meat products, due to
their high stability and performance, low cost, and high availability.
However, its continuous use can provide toxicological effects on
human health, such a carcinomas of the urinary bladder, thus con-
sumers have searched for natural products.? In this context, research
on natural antioxidants from fruits and vegetables as a substitute for
synthetic antioxidants, such as sodium erythorbate, has gained
momentum in the scientific community.”® The phenolic compounds

Lipid oxidation is a complex set of free radical reactions between
fatty acids and oxygen forming hydroperoxides, which promote
new degradation reactions and generate undesirable compounds
such as aldehydes, ketones, acids, and alcohols, with irreversible
changes in food.

Meat products are more susceptible to oxidation when com-
pared with other foods, due to their high contents of fats, pro-
teins, carbohydrates, vitamins, and pigments.? Oxidation occurs
mainly during storage, leading to changes in the sensory charac-

teristics, causing discoloration, alteration in texture, development ¢\~ 4 in fruits and vegetables can donate hydrogen atoms to free
of undesirable odors and flavors, reduction of the nutritional qual- radicals, leading to the formation of a stable phenoxyl radical, thus
ity, and production of potentially toxic compounds, which reduce reducing oxidation reactions.>'°
. o 23 . .

the shelf life of meat derivatives. o Hovenia dulcis T., popularly known as Japanese grape, stands

Emulsified meat products are made by mincing meat, salt, fat, ot among these vegetables, and is a promising source of bioac-
spices, and seasonings, with an important role of fat in the final  tjye compounds. Morales et al.'’ and Maieves et al.'? have
quality of the product, once it can provide proper texture, juici-
ness, and flavor.? Bologna sausage is an industrialized product

obtained from a meat emulsion, embedded in casings, and sub- * Correspondence to: GA Raquel Sehn, Departamento de Engenharia de Alimen-
jected to appropriate heat treatment. It is a product susceptible tos e Engenharia Quimica, Universidade do Estado de Santa Catarina, BR
to |ipid oxidation due to its higher fat content, which is a chal- 282, Km 573, Pinhalzinho, SC 89870-000, Brazil. E-mail: georgia.sehn@udesc.br
lenge for the food industry and can impair the acceptability of Departamento de Engenharia de Alimentos e Engenharia Quimica, Universi-
the product.? dade do Estado de Santa Catarina, Pinhalzinho, Brazil
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reported the presence of phenolic compounds in their peduncles,
with protective effects associated with their antioxidant capacity.
Sehn et al”® have also reported that the pseudofruit of the
Japanese grape has higher levels of phenolic compounds at all
ripening stages when compared to other fruits such as gabiroba,
cherry, and other grape varieties, as well as a significant antioxi-
dant activity when it is ripe.

The transformation of fruits into powders can be a promising
alternative for adding value to fresh fruits. Sehn et al.'® have stud-
ied the effect of freeze-drying and hot air drying on the pseudo-
fruits of Japanese grape and reported higher phenolic
compounds levels in the freeze-dried samples when compared
to the hot air-dried samples. However, the hot air-dried samples
also showed high phenolic compounds levels, which make the
pseudofruit powder a promising alternative for use as an antioxi-
dant in food products regardless of the drying method.

In this context, this study aimed to use the pseudofruit of the
Japanese grape (H. dulcis T.), subjected to freeze-drying and oven
drying, as a natural antioxidant in Bologna sausages.

MATERIALS AND METHODS

Reagents

The following reagents were used: 1,1,3,3-tetraethoxypropane
(TEP), 2-thiobarbituric acid (TBA), sulfanilamide, and N-
(1-naphthyl)ethylenediamine chloride (NED), Folin—Ciocalteu
reagent, ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid), DPPH (2,2-diphenyl-1-picrylhydrazil), gallic acid, and Trolox
(6-hydroxy- 2,5,7,8-tetramethylchroman-2-acid carboxylic acid)
from Sigma-Aldrich (Sdo Paulo, Brazil). All other reagents were of
analytical grade.

The commercial antioxidants sodium erythorbate and licresse
(ICL Food Specialities, Sdo Paulo, Brazil), consisting of a brown, col-
orless, odorless powder obtained by drying and grinding licorice
roots, were used. Licresse (0.5 g L™ presented minimum 17%
total phenolics and approximately 0.3 and 1.5 mmol L™ Trolox
equivalents by DPPH and ABTS assays, respectively.'* The other
ingredients such as sodium caseinate, curing salt (937.5 g kg™
sodium chlorette and 62.5 g kg™' sodium nitrite), salt, sodium
polyphosphate, Bologna seasoning, and cochineal carmine dye
were supplied by ICL Food Specialities. The raw materials pork
(musculus longissimus dorsi) (700.1 g.kg™" moisture, 92.2 g kg™
fat, 199.4 g kg™ protein, and 13.1 g kg™ ash), beef (musculus glu-
teus biceps) (712.2 g kg™' moisture, 38.5 g kg™ fat, 225.4 g kg™"
protein, and 13.8 g kg™ ash), pork back fat, and cassava starch
were purchased from local retailers.

Drying of H. dulcis pseudofruits and determination

of phenolic compounds and antioxidant activity

The Japanese grape pseudofruits were collected in March 2020, in
the city of Pinhalzinho, Brazil (latitude: 22° 46’ 46" S; longitude:
45° 35’ 26" W), at the beginning of the ripening stage, with a sol-
uble solid to titratable acidity ratio of 4.70. The pseudofruits were
manually removed from the branches, sanitized in 200 ppm
sodium hypochlorite solution for 15 min, followed by rinsing with
running water and subsequent removal of excess water with
paper towels.

The pseudofruits in natura were slightly milled in a domestic
blender (Diamante 800; Britania, Brazil) to open the bulbs. Then,
they were subjected to two drying processes until reaching mois-
ture content below 150 g kg™, as follows: (a) OP: drying in the
oven with forced air circulation (CE-205; Cienlab, Brazil) at 50 °C

until reaching ~100 g kg™' moistur; (b) FDP: freeze-drying (TFD
5503; IIShin, The Netherlands), at 50 mTorr and —50 °C. Before
freeze-drying, the samples were previously frozen in a vertical
ultra-freezer (ULT 335/710 D; Indrel, Brazil) for 12 h at —86 °C.
Then, the dried fruits were milled in a domestic blender
(Diamante 800; Britania) and sieved in a 32-mesh sieve to produce
the pseudofruit powders.

The powders were analyzed, in triplicate, for the content of pheno-
lic compounds and antioxidant activity as described by Rufino et al,,'®
using 50% and 70% aqueous solutions of methanol and acetone as
extraction solvents. The total phenolics content was determined as
reported by Singleton et al,'® after the reduction of
phosphomolybdic-phosphotungstic acid by phenolic hydroxyls with
the formation of a blue-colored complex (molybdenum), which was
measured at 760 nm. The antioxidant activity was determined by the
DPPH and ABTS assays as reported by Rufino et al." For the DPPH
assay, the free radicals scavenging activity was measured at
515 nm, and the results were expressed as the extract concentration
required to reduce the original amount of free radicals by 50%, and
expressed in pg mL™". For the ABTS assay, the capture of the radicals
was measured at 734 nm and the results were expressed as pmol
Trolox g™ of sample.

Production of Bologna sausages

The Bologna sausage formulations were produced in triplicate, using
the traditional ingredients as follows: pork (520 g kg"), beef
(210 g kg™"), pork back fat (170 g kg™), ice (40 g kg™"), cassava
starch (20 g kg™"), sodium caseinate (15 g kg™"), salt (10 g kg™,
Bologna seasoning (10 g kg™'), sodium polyphosphate (3 g kg™"),
curing salt (1.3 g kg™"), and cochineal carmine dye (0.2 g kg™"). The
antioxidants freeze-dried Japanese grape (FDP), oven-dried
Japanese grape (OP), and sodium erythorbate as a CONTROL were
also used. For comparison purposes, the natural antioxidant licresse
(LS), marketed by the company ICL Specialities, based on licorice
was used to evaluate the effectiveness of the Japanese grape pseu-
dofruit compared to a synthetic antioxidant and a natural antioxidant
with proven effects. Similar antioxidant concentrations were used in
all Bologna formuations (0.5 g kg™).

For the manufacture of the Bologna sausages, meat and fat
were milled in a meat grinder (Light 2000, Brazil). Then, the
ingredients were added to the meat batter and mixed in a cutter
(SPL 200; Spolu, Brazil) until complete homogenization and
emulsion formation. The temperature of the batter during the
process did not exceed 10 °C. Subsequently, approximately
100 g of meat batter was embedded in plastic casings 60 mm
in diameter. The Bologna sausages were heat treated in a ther-
mostatic bath (LUCA 157/28; Lucadema, Brazil) for 1 h and
45 min, using a heating ramp system of 30 min at 55 °C, 30 min
at 65 °C, 30 min at 75 °C, and 15 min at 85 °C, to ensure the
internal temperature of 72 °C at the end of the process. Finally,
the Bologna sausages were cooled by immersion in an ice bath
and stored at 4+ 1°C in an incubation chamber (LUCA-
161/01; Lucadema).

Evaluation of the Bologna sausages during storage

The Bologna sausages were evaluated, in triplicate, for the proxi-
mate composition on day 1 after processing, while the determina-
tions of pH, color, residual nitrite content, and lipid oxidation
[thiobarbituric acid reactive substances (TBARS)] were carried
out on days 1, 7, 14, 21, and 28 of storage.
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Proximate composition

The moisture, fat (Soxhlet method), ash, and protein (Kjeldahl
method) contents of the Bologna sausages were determined
according to methods 950.46, 960.39, 920.153, and 920.155 of
the Association of Official Analytical Chemists (AOAQ),"”
respectively.

The pH and color parameters

The pH of the samples was determined using a bench pH meter
(mPA-210; Tecnopon, Brazil) using 10 g of sample dispersed in
100 mL of distilled water. The color parameters L*, a*, and b* were
determined using the MiniScan portable spectrophotometer
(Hunter Lab, EZ 0374 4500 L; Hunter Lab, Reston, VA, USA), oper-
ating in the CIELab system, by measuring the L* [from black
(0) to white (100)], a* [from green (—a*) to red (+a*)] and b* [from
blue (—b*) to yellow (+b*)] values according to a three-
dimensional color space. The color variation (AE) was calculated
by the variation of the parameters L*, a* and b* (Eqn (1)), as
reported by Lopes et al.'®

AE=[(AL) + (8a")+ (ab)"] m

where, AE is the difference between the color parameters of the
standard sample (CONTROL) and the experimental samples (LS,
FDP, and OP) for the storage times of 1, 7, 14, 21, and 28 days.

Residual nitrite content

The residual nitrite was determined as proposed by Oliveira
et al.,'® with modifications. A standard curve was made using a
sodium nitrite standard solution of 8 pg mL™". For that, aliquots
of 1 to 7 pg mL™" were placed into volumetric flasks containing
5 mL of 0.5% sulfanilamide solution and 3 mL of 0.5% NED
reagent, and the volume was made up to 50 mL with distilled
water. After 15 min of rest, the pink color was measured at
540 nm in a spectrophotometer (Cirrus 80SA; FEMTO, Brazil).

To determine the residual nitrite content of the samples, 10 g of
sample were homogenized with 5 mL of 5% (w/v) sodium tetrabo-
rate solution and heated at 80 °C for 15 min in a thermostatic
bath with stirring (LUCA 157/28; Lucadema). The mixtures were
transferred to a volumetric flask and 5 mL of 15% (w/v) potassium
ferrocyanide and 5 mL of 30% (w/v) zinc acetate solution were
added. After 15 min of rest, the mixtures were filtered, and an ali-
quot of 10 mL was subjected to the same procedures used to con-
struct the standard curve. The results were expressed as mg
sodium nitrite kg™' of sample.

Lipid oxidation (TBARS)

The TBARS analysis was performed as described by Jo and Ahn°
and adapted by Marangoni and Moura.?' A standard curve was
made using a 10 pL:100 mL TEP standard solution. Then, 10 pL
to 60 pL aliquots were placed in test tubes containing 5 mL of
0.02 mol L™" TBA solution, and absorbance readings were per-
formed at 532 nm in a spectrophotometer (Cirrus 80SA; FEMTO).
To determine the lipid oxidation of the treatments, 5 g of sample
and 30 mL of 7.5% trichloroacetic acid solution were vortexed for
3 min (K45-2820; Kasvi, Brazil). Then, approximately 2 mL of the fil-
trate was added to the test tube containing 2 mL of 0.02 mol L™
TBA. The tubes were heated to 100 °C in a thermostatic bath
(LUCA 157/28; Lucadema) for 20 min until the development of a
blue color. The tubes were cooled to room temperature, and read-
ings were performed using the same conditions of the standard

curve. The results were expressed as mg malonaldehyde kg™ of
sample.

Statistical analysis

The analyses were performed for the mean results of three repe-
titions (n = 3) + standard deviation. Values with the probability
of occurrence of null hypothesis less than 5% by analysis of vari-
ance (ANOVA) and Tukey's test were considered statistically differ-
ent. All analyses were performed using Software STATISTICA 13.2
Trial (Statsoft).

RESULTS AND DISCUSSION

Phenolic compounds and antioxidant activity of H. dulcis
powder

The freeze-dried Japanese grape (FDP) showed a higher phenolic
compound content and a greater antioxidant activity by the DPPH
and ABTS assays (Table 1). This occurred mainly because freeze-
drying operated at low temperature and absence of oxygen, thus
maintaining the bioactive compounds.?? Despite some degrada-
tion being observed in the oven-drying process, it provided a
powder (OP) with high phenolics contents and antioxidant activ-
ity. The values presented by Maieves et al.'? to freeze-dried
Japanese grape at similar maturity degree for phenolic com-
pound content was 4320 + 160 mg gallic acid kg™ dry weight,
and for ABTS was 10.92 + 1.21 pmol Trolox kg~ dry weight, both
are lower than the values reported for this work. These differences
could be mainly due to environmental conditions and agronomic
management, which affect the bioactive compounds.?®

Maieves et al.'? evaluated the phenolic compounds content in
H. dulcis at different maturation stages and found higher contents
in the immature pseudofruits since these compounds are used as
defense mechanisms, protecting the fruit and allowing matura-
tion and reproduction. Those authors also reported an increase
in the antioxidant activity during the maturation of pseudofruits,
despite the reduction in phenolic compounds, possibly due to
the presence of anthocyanins that have the potential to eliminate
free radicals.

Although fruits have low anthocyanin contents at the beginning
of the ripening stage, they present higher ascorbic acid
contents,'> which may also contribute to the antioxidant effects,
due to the synergistic capacity of this compound, that is, the abil-
ity to increase the antioxidant activity of primary antioxidants
such as phenolic compounds.®*

Proximate composition of Bologna sausages

No significant differences were observed for the proximate com-
position of the Bologna sausages (P < 0.05) when compared to
the CONTROL (Table 2).

Pires et al.*® studied the effects of different levels of sodium
reduction in Bologna sausages and found moisture contents
around 540 g kg™'. Chaves et al.?® found moisture contents of
4724 g kg™ t0 532.6 g kg™ ! for different formulations of Bologna
sausages with the addition of pumpkin seed flour to replace the
synthetic antioxidant. Those values are lower than the results of
this study, probably due to the different Bologna formulations,
as the properties of raw materials, such as type of meat, as well
as the moisture and fat contents, can affect the results.

The ash contents of the treatments were lower than those
reported by Pires et al.?> (17.4-27.5 g kg™ "), while the protein con-
tents corroborated the study of Chaves et al.?® (154.5-173.g kg™").
Concerning the fat contents, lower values were observed

J Sci Food Agric 2022; 102: 6255-6262
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Table 1.

Phenolic compounds

Japanese grape powders (mg gallic acid kg™ of sample)

Phenolic compounds and antioxidant activities of the FDP and OP samples

Antioxidant activity by
DPPH radical (ECso) (ng mL™")

Antioxidant activity by
(umol Trolox g~ of sample)

FDP 10 841.5 + 195.5°
oP 7296.9 + 165.6°

1963.3 + 156.3°
8300.0 + 252.2°

236.6 + 1.1°
484 +0.2°

icant differences between samples (P < 0.05).

Mean + standard deviation. FDP: freeze-dried Japanese grape; OP: oven-dried Japanese grape. Different letters on the same column indicate signif-

when compared to the findings of Pires et al.?> (~250 g kg™') and
similar to those observed by Chaves et al.*® (~200 g kg™"), once
those authors used a higher percentage of pork back fat and
mechanically separated meat, which contributes to the increase
in the fat content of the Bologna sausage formulations.

Evaluation of the Bologna sausages during refrigerated
storage

The pH and color parameters

No significant difference was observed for the pH values of the
samples containing the Japanese grape powder (FDP and OP)
(P < 0.05) on the first day of storage when compared to the CON-
TROL (Fig. 1). The sample LS had a low pH value, possibly due to
the presence of licresse from the licorice roots, which has glycyr-
rhizic acid as the main constituent, thus decreasing the pH of
the sample.?” No differences were observed for the pH values of
the treatments at the end of the storage (P < 0.05), thus the
replacement of the antioxidant agent may have not affected the
pH of the Bologna sausages after 28 days of refrigerated storage.

Oxidation reactions negatively affect the appearance of prod-
ucts by oxidizing myoglobin to metmyoglobin, leading to the for-
mation of brown-colored pigments? Therefore, the
determination of the color parameters of Bologna sausages is an
important approach, as it is directly related to the acceptance of
the product by the consumer.

For the color parameter L* (Table 3), the samples produced with
Japanese grape powder (FDP and OP) and licresse (LS) did not dif-
fer from the CONTROL on days 1 and 28 of storage, thus the type
of antioxidant agent may have not affected the luminosity of the
samples. As expected, a reduction of this parameter was observed
for all formulations during the storage, once the oxidation reac-
tions transform myoglobin into metmyoglobin, leading to the for-
mation of dark pigments.?®

The stabilization of the pink color in meat products (a* parame-
ter) is due to the interactions between nitrite and myoglobin,
leading to the formation of nitrosohemochrome, a pigment
formed by the reduction of nitrate to nitrite and then nitric oxide.

The nitrate reduction is not spontaneous, thus requiring the
action of reducing agents such as antioxidants, vitamins,
enzymes, as well as other factors, including the pH of the medium,
oxidation-reduction potential, and the presence of free iron.*®

Higher a* values were observed for the CONTROL, for all periods
studied (P < 0.05), with an increase during the storage. For the for-
mulations FDP and OP (Table 2), a reduction in the g* values was
observed from day 1 to 28 of storage, possibly due to the pres-
ence of tannins>® in the Japanese grape powder used in the for-
mulations, which retard the oxidation reactions when combined
with the iron present in myoglobin.' A reduction in L* and a*
parameters was also reported by Akarpat et al.>? in frozen meat
burgers made with rosemary (Rosmarinus officinalis L.), lemon
balm (Melissa officinalis L.), nettle (Urtica dioica), and blueberry
(Myrtud communis myrtillus L.).

Concerning the color coordinate b* (Table 3), no significant
differences were observed between the samples (P < 0.05) on
days 1 and 28 of storage. The higher b* values of meat products
are due to the oxidative reactions of lipids leading to the for-
mation of yellow polymers.>® In the present study, there was
no increase in b* values of the treatments, thus the color mea-
surements did not detect possible oxidation in the Bologna
sausages.

Regarding the color parameter AE, according to Grasso et al.>*
values greater than 3 are perceptible to the human eye. In the pre-
sent study, only the formulation with the addition of FDP showed
no visible color changes during the storage.

Residual nitrite
In cured meat products, nitrite plays an important role in extend-
ing the shelf life by inhibiting oxidation and preventing rancid fla-
vor.>® In addition, this additive contributes to the development of
the characteristic pink color of these products, and an adequate
amount is required to ensure such effects.®

During the storage, a decrease in the residual nitrite content
was observed for all treatments (P < 0.05) (Fig. 2). This result is
due to the reaction of nitrite with myoglobin, sulphydryl groups,

Table 2. Proximate composition of the Bologna sausage formulations

Formulations Moisture (g kg™") Ash (g kg™ Protein (g kg™") Fat (g kg™")
CONTROL 6174 + 12.0° 125 +2.7° 159.1 + 4.1° 197.5 + 7.5°
LS 607.6 + 1.9° 9.8 +2.8° 154.5 + 2.1° 1955 + 17.0°
oP 608.6 + 1.3° 11.9 + 0.5° 154.6 + 10.3° 189.2 + 2.8°
FDP 608.7 + 0.8° 10.0 +2.2° 154.6 + 2.17 1949 + 3.2°

Mean =+ standard deviation. CONTROL: sodium erythorbate; LS: commercial antioxidant licresse; FDP: freeze-dried Japanese grape; OP: oven-dried
Japanese grape. The same letter in each column indicates no significant differences between the samples (P < 0.05).
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Figure 1. The pH of Bologna sausages during the refrigerated storage. CONTROL: sodium erythorbate; LS: commercial antioxidant licresse; FDP: freeze-
dried Japanese grape; OP: oven-dried Japanese grape. Different lowercase letters indicate statistically significant differences (P < 0.05) between samples
for the same storage period; different uppercase letters indicate statistically significant differences (P < 0.05) for the same sample in different storage

periods.

lipids, and proteins, with the formation of nitric oxide or gaseous
forms during oxidation, resulting in color changes of the cured
meat, and inhibiting the microbial growth and delaying the lipid

oxidation.>®

The presence of salts such as ascorbic acid and isoascorbic acid
(erythorbate) in meat products can accelerate the curing reac-
tions, and, consequently, the formation of nitric oxide. The CON-

TROL sample had a more pronounced reduction of residual

Days

CONTROL

Table 3. Color parameters of Bologna sausages during the refrigerated storage

LS

FDP

oP

L* 1
7

14

21

28

a* 1
7

14

21

28

b* 1
7

14

21

28

1

AE 7
14

21

28

46.92 + 1.46™
42.16 + 0.49°¢
4421 + 031>
42,07 +0.12°¢
41.73 + 0.44°¢
10.90 + 0.19°"®
9.96 + 0.24°®
11.34 + 0.40°*
10.26 + 0.30°®
11.40 + 0.64°*
12.84 + 0.83**
11.67 + 0.02°®
11.87 + 0.24%8
12.14 + 0.31°/8
11.53 + 0.29°®

46.64 + 2.12°A
37.46 + 0.11C
47.13 + 0.45°
4134 + 0.85°®
41.82 +0.08%®
9.12 + 025"
7.87 + 0.40°¢
9.56 + 0.13°A8
8.94 + 0.28°°
10.01 + 0.23°*
11.75 + 0.38**
1047 +0.51°8
11.51 + 0.30**
11.93 + 0.36™
11.64 + 0.27%*
3.70 + 0.61
5.15 + 0.55
3.61 + 0.31
1.60 + 0.52
1.27 + 073

46,53 + 0.28%°
4131 + 0.49?C
4532 + 0.60°*
4386 + 0.72**
4248 + 0.13%¢
9.20 + 0.17°*
7.75 + 0.19°¢
8.88 + 0.04"
8.07 + 0.16°5¢
8.38 + 0.06®
12,65 + 0.38**
11.04 + 0.07%°¢
11.76 + 0.20%®
11.62 + 0.04°®
11.50 + 0.18%8¢
243 +0.20
250 +0.18
277 £ 035
271 + 0.60
2.80 + 0.78

46,93 + 0.15%
4047 + 0.87°¢
4345 + 042
42.15 + 0.712P8¢
41.46 + 0.75°¢
8.60 + 0.09°*
763 +0.17°8
8.35 + 0.24"
8.69 + 0.07°A
7.38 + 0.03%®
11.61 + 039*
10.89 + 0.17°®
11.84 +0.12°4
11.88 + 031%A
11.48 + 0.04%48
2.84 + 042
299 +0.75
3.44 + 0.77
1.82 + 049
3.77 £ 0.63

Mean =+ standard deviation. CONTROL: sodium erythorbate; LS: commercial antioxidant licresse; FDP: freeze-dried Japanese grape; OP: oven-dried
Japanese grape. Different lowercase letters on the same line indicate significant differences between samples for the same storage period
(P < 0.05); in each column, different uppercase letters indicate significant differences (P < 0.05) for the same sample in different storage periods.
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Figure 2. Residual nitrite content of Bologna sausages during the refrigerated storage. CONTROL: sodium erythorbate; LS: commercial antioxidant
licresse; FDP: freeze-dried Japanese grape; OP: oven-dried Japanese grape. Different lowercase letters indicate statistically significant differences
(P < 0.05) between samples for the same storage period; different uppercase letters indicate statistically significant differences (P < 0.05) for the same
sample in different storage periods.

nitrite, due to the presence of isoascorbic acid, which improves
the formation of nitric oxide.>” Furthermore, the samples made

Lipid oxidation (TBARS)
Lipid oxidation is one of the limiting factors for the storage of

with Japanese grape (FDP and OP) and licresse showed a higher
residual nitrite content when compared to the CONTROL, indicat-
ing that the conversion of nitrite to nitric oxide is slower in natural
antioxidants, due to the lower ascorbic acid concentrations of
these samples'**® when compared to the CONTROL.
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meat products. This process causes unpleasant flavor, odor, and
color, in addition to the formation of toxic compounds and reduc-
tion of the nutritional value.*® A significant increase in TBARS
values was observed (Fig. 3) for both the CONTROL and the
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Figure 3. Lipid oxidation (TBARS) of Bologna sausages during the refrigerated storage. CONTROL: sodium erythorbate; LS: commercial antioxidant
licresse; FDP: freeze-dried Japanese grape; OP: oven-dried Japanese grape. Different lowercase letters indicate statistically significant differences
(P < 0.05) between samples for the same storage period; different uppercase letters indicate statistically significant differences (P < 0.05) for the same
sample in different storage periods.
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treatment with licresse (LS) (P < 0.05) during the storage, while
opposite results were observed for the samples made with the
addition of Japanese grape (FDP and OP). This instability is due
to the higher reaction rate between carbonyls and proteins when
compared to the formation of malonaldehyde, causing a decrease
in the content of this compound.®® In addition, the presence of
tannins in these samples possibly delayed the lipid oxidation reac-
tions once they can bind with myoglobin iron.3!

Thus, the Japanese grape powder exhibited an antioxidant
potential in the Bologna sausages, due to the presence of pheno-
lic compounds, which are responsible for donating hydrogen
atoms to free radicals, stopping the oxidative reactions, and pre-
venting oxidative degradation with the formation of malonalde-
hyde® Furthermore, the tannins*® and ascorbic acid from
Japanese grape'? also exhibit antioxidant effects, due to their abil-
ity to improve the antioxidant activity of the phenolic
compounds.®*

Similar effects have been observed by other researchers such as
Liu et al* in chicken sausages with rosemary and Chinese
mahogany (Toona sinensis), and Martins et al.*' in Bologna sau-
sages made with different chitosan concentrations. According to
Terra et al,*” TBARS values up to 1.59 mg malonaldehyde kg™
of sample are too low to be perceived by consumers, thus no ran-
cid taste was observed for the samples during the 28 days of
storage.

At the end of the storage, similar oxidation inhibition was
observed for the Bologna sausages made with the addition of
H. dulcis powder when compared to sodium erythorbate
(CONTROL) since lower TBARS values were observed for both
the treatments OP and FDP.

CONCLUSION

Bologna sausages made with Japanese grape powder and licresse
showed similar characteristics when compared to the sample
made with the addition of sodium erythorbate, regardless of the
drying method used. The Japanese grape powders contributed
to retarding the lipid oxidation of Bologna sausages, possibly
due to the presence of bioactive compounds, with better results
when compared to sodium erythorbate and licresse at 14 days
of refrigerated storage. Therefore, Japanese grape can be consid-
ered a potential antioxidant substitute for the chemical additives
commonly used in Bologna sausages. Future studies including the
sensory evaluation and microbiological characterization of Bolo-
gna sausages made with the addition of Japanese grape powder
as an antioxidant are required.
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