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and Glycyrrhiza glabra as 
natural antioxidants in 
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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 (licrezzTM) 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), licrezzTM (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 licrezzTM 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. são doces, comestíveis e contêm 
vários nutrientes e uma quantidade significativa de compostos fenólicos, que 
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podem servir como fonte de antioxidantes naturais. Nesse contexto, este estudo 
teve como objetivo avaliar a adição de extrato de H. dulcis T. e extrato de raiz de 
alcaçuz (licrezzTM) na formulação de mortadela tipo Bologna e investigar a inibição 
da oxidação lipídica durante o armazenamento a frio, para avaliar suas propriedades 
antioxidantes. Amostras de mortadela foram preparadas em duplicata com eritorbato 
de sódio (controle), licrezzTM (extrato comercial de Glycyrrhiza glabra) e extrato de 
H. dulcis, todas na concentração de 0,1%. As amostras foram avaliadas quanto à 
composição centesimal, características microbiológicas, perfil de textura, oxidação 
lipídica, teor de nitrito, cor instrumental, pH e atividade de água. A mortadela com 
extrato de H. dulcis não apresentou diferenças significativas em relação ao controle 
em termos de composição centesimal, características microbiológicas ou perfil de 
textura. No entanto, ela exibiu resultados ligeiramente mais baixos, mas comparáveis, 
no ensaio de Substâncias Reativas ao Ácido Tiobarbitúrico (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 licrezzTM mostrou um aumento de vinte e seis vezes. Por 
outro lado, o extrato de H. dulcis exibiu comportamento semelhante ao licrezzTM em 
relação ao conteúdo 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 combinação com Glycyrrhiza glabra.

Palavras-chave: antioxidante; mortadela tipo Bologna; oxidação lipídica; produtos de 
carne emulsionados.

1 Introduction 

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; Domínguez 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 (Domínguez 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 et 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 et 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 licrezzTM 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 et 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 (licrezzTM) 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 nº 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, licrezzTM (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% licrezzTM; 
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 
(Frigomaq, 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 ºC, 30 minutes at 65 ºC, 
30 minutes at 75 ºC, and 15 minutes at 85 ºC, 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 muffle furnace 
at 550 ºC according to method nº 923.02, (AOAC, 2016). Protein content was determined 
using the micro-Kjeldahl method nº 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 nº 920.39 (AOAC, 2016). 
Moisture content was measured using the drying oven method (105 ± 5 °C) by AOAC 
methodology nº 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-1. 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 nº 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 (ΔE) 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 licrezzTM and Hovenia dulcis 
extract, as described by Ripoll et al. (2013).
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A stock solution of 1.0 × 10-8 mL.L-1 of distilled water was prepared for the 
construction of the standard curve of 1,1,3,3-tetraethoxypropane, 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-tetraethoxypropane.

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 µg.mL-1 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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Analysis (%) Control Extract LicrezzTM

Moisture 61.05 ± 0.14ns 61.15 ± 0.16ns 60.76 ± 0.20ns

Protein 15.44 ± 0.41ns 15.57 ± 0.20ns 15.45 ± 0.21ns

Lipids 11.59 ± 1.11ns 11. 64±0.57ns 12,99 ± 0.89ns

Ash 1.94 ± 0.20b 2.43±0.17a 2.31 ± 0.10a

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 licrezzTM 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 LicrezzTM

Hardness (N) 232.4 ± 30.8ns 220.7 ± 8.0 ns 205.5 ± 24.7 ns

Cohesiveness 1.1 ± 0.1ns 1.0 ± 0.1 ns 1.2 ± 0.2 ns

Adhesiveness (mJ) 0.2 ± 0.1ns 0.3 ± 0.0 ns 0.2 ± 0.1 ns

Springiness (mm) 10.9 ± 0.3ns 10.9 ± 0.1ns 11.3 ± 0.1ns

Chewiness (mJ) 2723.8 ± 266.4 ns 2424.7 ± 199.8 ns 2851.4 ± 437.7 ns

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.

Table 1 • 
Proximate composition of 
Bologna-type mortadella 

prepared with different 
antioxidants: sodium 

erythorbate (control), licrezzTM, 
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), licrezzTM, and 

Hovenia dulcis T. extract.  
Source: research data
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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 nº 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 × 103 CFU.g-1 for Staphylococcus aureus, and a maximum of 1.0 × 103 CFU.g-1 
for Clostridium perfringens. The different antioxidants used in the mortadella did not 
affect the microbiological characteristics during storage.

Analysis (CFU.g-1) Control Extract LicrezzTM

Staphylococus aureus <1.0 × 102 <1.0 × 102 <1.0 × 102

Salmonella spp. Absence Absence Absence

Total coliform count <3.0 × 100 <3.0 × 100 <3.0 × 100

Thermotolerant 
coliform count <3.0 × 100 <3.0 × 100 <3.0 × 100

Clostridium 
sulfite reducer <1.0 × 101 <1.0 × 101 <1.0 × 101

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 × 100 CFU.g-1, 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, licrezzTM, 
and Hovenia dulcis T. extract samples compared to day 1. Days 1 and 14 showed 
significant differences (p < 0.05) between the licrezzTM samples and the others. On 
day 1, the licrezzTM 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.

Table 3 • 
Microbiological 

characterization 
of Bologna-type 

mortadella prepared with 
different antioxidants: 

sodium erythorbate 
(control), licrezzTM, 

and Hovenia dulcis T. extract.  
Source: research data
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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 Mendonça 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 
licrezzTM 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.

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.

Figure 1 • 
pH results during cold 

storage of Bologna-type 
mortadella samples prepared 

with different antioxidants: 
sodium erythorbate 

(control), licrezzTM, 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), licrezzTM, and 
Hovenia dulcis T. extract.  

Source: research data
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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 licrezzTM 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 (Ignácio, 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.

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

L*

Control 48.60 ± 0.21aA 42.16 ± 0.31 bB 43.61 ± 0.31 bA 42.07 ± 0.09 bA 41.72 ± 0.30 bA

Extract 48.96 ± 0.81 aA 44.03 ± 1.22 bA 43.29 ± 0.96 bA 43.30 ± 1.10 bA 41.78 ± 1.27 cA

Licrezz 49.32 ± 0.55 aA 43.47 ± 0.11 bA 44.14 ± 0.46 bA 41.34 ± 0.85 bA 41.82 ± 0.08 bA

a*

Control 10.90 ± 0.15 aA 9.96 ± 0.18 bA 11.34 ± 0.31 aA 10.26 ± 0.21 bA 11.40 ± 0.49 aA

Extract 10.60 ± 0.17 aA 9.15 ± 0.26 bA 9.63 ± 0.28 bB 8.51 ± 0.26 bB 8.86 ± 0.08 bC

Licrezz 9.12 ± 0.19 bB 7.87 ± 0.29 cB 9.56 ± 0.09 aB 8.94 ± 0.22 bB 10.01 ± 0.18 aB

b*

Control 12.84 ± 0.63 aA 11.60 ± 0.02 bA 11.87 ± 0.18 aA 12.14 ± 0.24 aA 11.53 ± 0.21 bA

Extract 12.81 ± 0.64 aA 11.57 ± 0.19 aA 11.65 ± 0.30 aA 12.06 ± 0.30 aA 11.50 ± 0.28 bA

Licrezz 11.76 ± 0.26 Aa 10.47 ± 0.39 bB 11.51 ± 0.21 aA 10.01 ± 0.18 bB 11.64 ± 0.19 aA

ΔE
Extract 0.69 2.71 1.61 3.06 2.63

Licrezz 3.58 4.53 2.67 2.72 1.38

Additionally, the samples containing Hovenia dulcis T. extract and licrezzTM 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 licrezzTM presented better 
results than the control.

Table 4 • 
Results of instrumental 

color (L*, a*, b*) during cold 
storage of Bologna-type 

mortadella samples prepared 
with different antioxidants: 

sodium erythorbate 
(control), licrezzTM, and 

Hovenia dulcis T. extract.  
Source: research data

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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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 licrezzTM 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 licrezzTM 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 licrezzTM, which showed lower values, particularly in the initial days 
of storage. This difference may be related to the fact that licrezzTM 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 et 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 licrezzTM 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 (NO3) 
must first be converted to nitrite (NO2), 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 licrezzTM 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 licrezzTM samples differed 
significantly (p < 0.05) from the control on days 7 and 21.

Studies conducted by Cáceres, García, and Selgas (2008) reported similar results 
for a* (13.15), b* (10.57), and L* (48.28) in Bologna-type mortadella. Pereira et 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 ΔE (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 licrezzTM 
resulted in a noticeable color change compared to the control. The addition of licrezzTM 
had a greater influence on the color difference, likely because licrezzTM is not easily 
dissolved in the mortadella paste.
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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 et 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

TBARS

Control 0.09±0.01cB 0.51±0.04bA 0.54±0.01bB 0.89±0.04 aB 0.90±0.03aC

Extract 0.19±0.03eA 0.31±0.02dB 0.66±0.03cA 1.27±0.04bA 1.76±0.03aB

Licrezz 0.08±0.01eB 0.19±0.01dC 0.45±0.04 cC 0.55±0.01bC 2.12±0.05aA

Nitrite

Control 101.00±0.01aB 37.00±0.01bB 24.00±0.01 Cb 23.00±0.01cB 4.00±0.01dC

Extract 176.00±0.10aA 66.00±0.08bA 66.00±0.01bA 26.00±0.01cA 16.00±0.01dA

Licrezz 175.00±0.01aA 63.00<0.01cA 68.00 <0.01Ba 26.00<0.01dA 11.00<0.01eB

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 licrezzTM–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 licrezzTM 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 licrezzTM 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 

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-1; Nitrite expressed in ppm NaNO2.

Table 5 • 
Results of lipid oxidation 

(TBARS) and residual nitrite 
during cold storage of 

Bologna-type mortadella 
samples prepared with 

different antioxidants: sodium 
erythorbate (control), licrezzTM, 

and Hovenia dulcis T. extract.  
Source: research data
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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 licrezzTM added to mortadella, which in this study matched the 
erythorbate concentration (0.1%), may improve results.

Almeida et 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 
(Kurćubić 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 (HNO3) or gaseous forms (N2O and N2).

When comparing the mean values between treatments, the samples containing 
Hovenia dulcis extract and licrezzTM 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 licrezzTM 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 licrezzTM 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 et 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 Kurćubić 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 (licrezzTM) 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 licrezzTM 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% LicrezzTM), 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 aplicação do extrato aquoso de tarumã como potencial antioxidante em hambúrgueres 

de carne bovina, durante o armazenamento sob congelamento, visto que a fruta se apresenta abundante e de fácil manuseio. 

Foram preparadas 5 formulações, nas quais diferentes compostos com características antioxidantes foram adicionados, sendo 

elas: controle negativo (sem adição de antioxidantes), controle positivo (eritorbato de sódio 0,1%), LIC (licrezzTM 0,1%), EX 

(extrato de tarumã 0,5%), ERI/EX (mistura de eritorbato de sódio 0,05% e extrato de tarumã 0,25%). Foram avaliadas algumas 

propriedades físico-químicas, características físicas e tecnológicas dos hamburgueres formulados. A adição de extrato de 

tarumã provocou pequenas alterações (cor, pH, TBARS) nas características do produto, durante 180 dias de armazenamento 

congelado, sem alteração da cor avermelhada, fator importante para a comercialização do produto. Em relação à oxidação lipídica 

avaliada pelo ensaio TBARS, embora tenham sido observadas algumas alterações para todas as formulações, os hambúrgueres 

elaborados com extratos puros apresentaram uma melhora significativa de aproximadamente 35% na estabilidade oxidativa 

para o período estudado. Sendo assim, os resultados demonstram a eficiência do extrato de tarumã como uma fonte promissora 

de antioxidante e potencial estabilizador de cor natural para hambúrgueres de carne bovina congelados.
Palavras-chave: antioxidantes, cor, hambúrguer, oxidação lipídica, 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, Sertão campus, 

in the city of Sertão/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 LicrezzTM (a product extracted from Glycyrrhiza 

glabra roots, 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, São 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 LicrezzTM were dissolved in the water 

content used in the formulation, while taruma was used 
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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 (c)); 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 

Fernández-López 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 (ΔE) 

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). A 2 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-1 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-1, 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 × 

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 

Table 1. Beef burger formulations made with different antioxidant agents.

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
LicrezzTM - - 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: LicrezzTM (0.1%); EX: taruma extract (0.5%); ERI/EX: sodium erythorbate + taruma extract (0.05%/0.25%).
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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 ± 0.82a 72.08 ± 0.35a 72.03 ± 0.62a 72.00 ± 0.44a 72.66 ± 0.87a

Protein 19.12 ± 0.41a 19.67 ± 0.50a 19.11 ± 0.46a 18.73 ± 0.29a 18.56 ± 0.87a

Fat 5.68 ± 0.34a 5.16 ± 0.08a 5.30 ± 0.20a 5.42 ± 0.12a 5.56 ± 0.28a

Ash 2.67 ± 0.17a 2.70 ± 0.26a 2.79 ± 0.15a 2.63 ± 0.09a 2.71 ± 0.06a

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: LicrezzTM (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 ΔE during frozen storage of burgers made with different 
antioxidant agents.

Parameter Formulation Days
1 30 60 150 180

L* CONT.N 36.48 ± 0.87aA 33.12 ± 0.05bAB 31.39 ± 0.12 dA 32.98 ± 0.58 bcA 31.64 ± 0.15 cdA

CONT.P 32.99 ± 1.92aB 31.97 ± 0.32aB 31.90 ± 1.50 aA 30.46 ± 0.72 bBC 28.88 ± 0.66 bBC

LIC 32.55 ± 1.02aB 32.54 ± 0.50 aB 30.69 ± 0.94 abA 28.15 ± 2.58 bC 29.44 ± 0.33 bBC

EX 32.26 ± 1.60aB 32.19 ± 1.13 aB 32.05 ± 0.82 aA 31.83 ± 0.46 aAB 30.14 ± 0.69 aAB

ERI/EX 35.40 ± 3.32aAB 34.65 ± 0.15 aA 32.70 ± 1.18 abA 31.68 ± 0.80 bAB 28.21 ± 0.75 cC

a* CONT.N 6.39 ± 0.07 aB 6.70 ± 0.12 aC 5.57 ± 0.13 bB 4.78 ± 0.08 cB 4.75 ± 0.48 cB

CONT.P 8.12 ± 0.83 aAB 9.06 ± 0.91 aA 7.64 ± 0.31 abA 5.89 ± 0.26 cB 6.48 ± 0.00 bcA

LIC 8.24 ± 0.90 aA 7.59 ± 0.55 abBC 6.14 ± 0.74 bCB 5.68 ± 0.56 cB 5.64 ± 0.14 cAB

EX 7.92 ± 0.77 aAB 7.53 ± 0.70 aBC 5.85 ± 0.46 bB 5.67 ± 0.15 bB 5.77 ± 0.11 bAB

ERI/EX 9.22 ± 0.45 aA 8.23 ± 0.14 abAB 7.49 ± 0.01 bA 7.85 ± 0.80 abA 4.95 ± 0.97 cB

b* CONT.N 10.37 ± 0.35 bC 9.62 ± 0.08 cA 10.50 ± 0.26 bAB 11.42 ± 0.01 aA 9.40 ± 0.05 cA

CONT.P 12.58 ± 0.16 aA 9.72 ± 0.63 bcA 11.04 ± 0.73 bA 9.51 ± 0.40 cB 9.26 ± 0.33 cAB

LIC 11.02 ± 0.38 aBC 10.93 ± 0.65 aA 9.70 ± 0.51 bB 10.11 ± 0.08 abB 8.52 ± 0.17 cBC

EX 10.53 ± 0.27 aB 10.00 ± 0.76 bA 9.75 ± 0.31 bB 9.50 ± 0.29 bB 8.35 ± 0.26 cC

ERI/EX 10.53 ± 0.27 aC 9.73 ± 0.57 abA 10.44 ± 0.22 aAB 10.02 ± 0.95 cB 8.73 ± 0.48 bABC

∆E 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: LicrezzTM (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 O2 and the conduction of 

electrolytes that induce the production of metmyoglobin. 

The increase in this pigment leads to a decrease in the a* 

values (Ordóñez, 2005; Hernández Salueña 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. 

Borella et al. (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 ∆E, 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 

ΔE perceptible to the human eye throughout the 180 days 

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

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 (Ilex 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. 

Galvão (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-1 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-1 of the sample are sufficient to 

prevent lipid oxidation in meat products. Thus, the frozen 
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burgers of this study showed no signs of oxidation since 

none of them had values higher than 3 mg of MDA.kg-1.

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 

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% LicrezzTM (C), 0.5% taruma extract (D), sodium erythorbate + 
taruma extract (0.05%/0.25) (E), during frozen storage.
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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.

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: 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.

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 ± 0.53a 78.05 ± 0.20a 78.23 ± 0.41a 78.56 ± 0.09a 78.58 ± 0.49a

S (%) 13.56 ± 0.50a 12.94 ± 1.07a 12.64 ± 0.71a 13.14 ± 1.52a 12.08 ± 0.18a

WRC (%) 86.15 ± 0.29a 85.51 ± 0.43a 85.67 ± 0.82a 87.15 ± 0.59a 86.84 ± 0.88a

SF (N) 5.71 ± 0.20a 5.42 ± 0.40a 5.71 ± 0.26a 5.19 ± 0.15a 5.54 ± 0.43a

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: LicrezzTM (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 linguiça 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 

Introdução: Os consumidores têm inúmeras preocupações em relação à saúde, 

dentre as quais o consumo elevado de aditivos químicos, como os conservantes, que 

ao reagir com substâncias presentes nos alimentos podem produzir compostos 

cancerígenos. Alguns vegetais, como o espinafre, podem ser fontes naturais desses 

conservantes, e sua aplicação pode aumentar a saudabilidade dos produtos cárneos. 

Objetivo: Avaliar os efeitos do extrato de espinafre como fonte de nitrito para 

conservação de linguiças frescais, armazenadas durante 35 dias sob refrigeração. 

Material e Método: Quatro formulações 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 

linguiças foram avaliadas através da composição centesimal, cor, teor residual de 

nitrito, TBARS e avaliação microbiológica. Resultados: O sal de cura (CP) resultou em 

menores alterações na coloração das linguiças frescais. O TBARS aumentou 
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aproximadamente 2,5 vezes (p<0,05) ao longo dos 35 dias, em todas as formulações, 

e os menores valores, ao final desse período, foram encontrados nas formulações CP 

e EEPC. Estas mesmas formulações apresentaram os maiores teores residuais de 

nitrito e menor contagem de BAL e enterobactérias (35 dias), o que comprova que o 

EEPC é tão eficiente quanto o sal de cura comercial como conservante em linguiça 

frescal armazenada sob refrigeração. Conclusão: O uso de EEPC pode ser uma 

alternativa promissora para a indústria cárnea, possibilitando o desenvolvimento de 

produtos clean label que atendam à demanda por produtos mais saudáveis. 

 

Palavras-chave: Nitrato. Produtos da carne. Alimento saudável. 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.1 

Studies have shown that the nitrites and nitrates found in meat products can react with certain amines 

present in 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.2-4 

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.5-8 

In addition to being high in iron, spinach (Spinacia oleracea) contains high amounts of nitrate and 

nitrite.9-11 Sebranek & Bacus12 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.13 

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 (São Paulo, 

Brazil); sulfanilamide and N-(1-Naphthyl) ethylenediamine (NED) from Sigma-Aldrich (São 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 Chapecó-SC, Brazil (latitude: 27º 05' 47'' S, longitude: 52º 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 ºC (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, Britânia, 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 ºC in an SSD 5L thermostatic bath (Solidsteel, Brazil) to extract the compounds of interest, 

according to Gardes et al.14 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 

°C for 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 981.12.15 The residual nitrite content was determined 

using the spectrophotometric method as described by Oliveira et al.,16 in which 10 g of sample were mixed 

with 100 mL of deionized water at 60 ºC 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-1, subjected to the same 

procedures as the samples. The results were expressed in mg.kg-1 of sample. 

The residual nitrate content was determined as proposed by Cataldo et al.17 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-1. The results were expressed in mg.kg-1 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 

https://www.google.com/search?sca_esv=571066675&sxsrf=AM9HkKlNx2X_wh3JqBwCnlzuu0Gz6QPHdA:1696555235041&q=Staphylo+coccos+carnosus+Staphylo+coccos+xylosus&spell=1&sa=X&ved=2ahUKEwjEhIHhoOCBAxWFs5UCHXGFAAoQkeECKAB6BAgIEAE&cshid=1696555266588615
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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 - - 

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 ºC (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 ºC), 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.,15 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 (+b)), according to the manufacturer's instructions. The color coordinates a* and b* were 

used to calculate the chroma values (C*) and Hueangle.18 

To evaluate the lipid oxidation, thiobarbituric acid reactive substances (TBARS) assay was performed as 

described by Marangoni & Moura,19 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 ºC 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 µg.mL-1 of 

1,1,3,3-tetraethoxypropane (TEP). The results were expressed in mg of malonaldehyde (MDA).kg-1 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 ºC for 48 hours for aerobic mesophilic bacteria 

counts; in Man Rogosa & Sharpe agar (MRS) at 37 ºC for 48 hours for LAB counts; in Violet Red Bile Glucose 

agar (VRBG) at 37 ºC for 24 hours for total enterobacteria counts, according to Pintado et al.,20. Psychrotrophic 

bacteria counts were performed using PCA, incubated at 10 ºC for 10 days, according to Schilling et al.21 The 

plates with the presence of colonies were counted, and the results were expressed as log CFU.g-1. 

 

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-1 respectively, while the spinach extract (EE) had residual nitrate and nitrite contents of 

923.22±0.37 and 528.34±0.65 mg.kg-1, 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,22 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 ºC). 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.23 Djeri & Williams11 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-1) 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 ºC) 

 

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 within the same storage time show a significant difference (p<0.05). Different uppercase letters between storage 

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.24 

Similar results were also reported by Sucu & Turp,7 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 (ºHue), and chromaticity (C*) of fresh pork sausages during 35 days of 

refrigerated storage (4 ºC). Pinhalzinho, SC, 2022. 

 Days 

Sample 1 7 14 21 28 35 

L* 

CN 38.21±0.41aC 41.99±0.77aB 41.87±0.28abB 48.04±0.40aA 48.27±0.66aA 48.31±1.00aA 

CP 38.64±1.54aA 40.97±0.77aA 40.58±0.93bcA 40.25±1.37cA 39.58±0.16cA 41.04±0.51bA 

EEPC 37.65±0.45aC 37.93±0.56bC 38.90±0.65cC 43.68±0.92bB 47.07±0.77abA 48.74±0.38aA 

EE 40.16±1.05aE 42.27±0.19aD 42.83±0.59aCD 44.57±0.86bBC 45.91±0.45bAB 47.23±0.65aA 

ºHue 

CN 57.11±1.42aA 53.13±0.06cA 54.84± 1.61bA 60.60±0.61bA 55.89±1.96bA 60.90±1.72cA 

CP 53.56±0.78bC 61.84±1.62aAB 60.77±1.85aBC 65.58±1.28ªAB 67.57±0.52aAB 68.09±1.68abA 

EEPC 55.35±0.78abB 54.46±0.58bcB 64.12±1.42aA 67.44±1.56aA 65.84±1.54aA 71.35±1.70aA 

EE 57.29±1.12aC 55.58±0.68bC 60.84±1.48aB 65.10±1.42aA 65.19±1.64aA 65.84±0.72bA 

C* 

CN 13.37±0.12bcABC 13.95±0.79aAB 13.35±1.16aABC 14.56±0.36aA 12.73±0.28bBC 12.04±0.14bC 

CP 12.91±0.38cAB 14.14±0.50aA 13.78±0.54aA 13.45±0.57aA 12.01±0.42bB 12.95±0.68abAB 

EEPC 14.56±0.40aA 14.45±1.16aA 15.02±0.25aA 14.35±0.52aA 14.47±0.94aA 13.99±0.46aA 

EE 14.15±0.29abABC 14.84±0.39aA 14.36±0.61aAB 13.41±0.54aBC 13.14±0.25abC 13.46±0.25aBC 

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 53.56º to 71.35º, i.e. they remained between the 

red (0º) and yellow (90º) color.25 A significant increase (p<0.05) in ºHue 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.26 The increase in ºHue 

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,27 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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an increase in Hue angle since the microorganisms use myoglobin as a nutrient, developing a greenish and/or 

yellowish color.23 

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.25 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.28 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.1 Rosa et al.29 reported that values of up to 1.59 mg of MDA.kg-1 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-1 

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.30 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.31 

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-1 (Table 4), which are within the parameters determined by Normative Instruction 161, 

of July 1, 2022, which establishes the microbiological parameters for food.32 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-1) in 

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

 

 Storage time (days) 

Samples 1 7 14 21 28 35 

Mesophilicbacteria 

CN 3.55±0.09aD 6.25±0.10aBC 
6.55±0.17aB 6.33±0.07aBC 6.04±0.06aC 7.96±0.15aA 

CP 3.51±0.12aD 3.89±0.09bCD 4.61±0.33cC 5.53±0.41bB 5.82±0.46aAB 6.63±0.33bA 

EEPC 3.42±0.14aE 4.38±0.43bD 4.90±0.15bcCD 5.15±0.12bBC 5.76±0.21aB 7.04±0.14bA 

EE 3.52±0.12aC 4.29±0.24bC 5.46±0.46bB 6.67±0.15aA 6.61±0.18aA 7.05±0.11bA 

Psychrotrophic bacteria 

CN 4.29±0.03aC 7.47±0.15aA 
7.29±0.01aAB 7.35±0.20abAB 7.45±0.04aA 7.61±0.04cA 

CP 4.17±0.14aD 4.44±0.11cD 5.21±0.27bC 6.55±0.25cB 7.05±0.05bAB 7.51±0.05bA 

EEPC 4.27±0.21aC 6.81±0.04bAB 7.19±0.19aA 7.09±0.05bA 6.63±0.17cB 7.42±0.09bA 

EE 4.28±0.09aC 7.39±0.13aB 7.60±0.14aAB 7.68±0.19aAB 7.41±0.05aB 7.92±0.11aA 

Lacticacid bacteria 

CN 3.14±0.14aC 5.44±0.36aB 
5.92±0.14bB 6.25±0,07bB 6.31±0.16aB 7.26±0.15aA 

CP 3.04±0.12aD 3.41±0.23bD 4.68±0.16cC 5.66±0.29cB 6.40±0.23aA 6.50±0.12bA 

EEPC 2.70±0.09aD 3.65±0.09bC 4.37±0.09cB 4.97±0.09dB 4.86±0.09bB 6.28±0.10bA 

EE 2.62±0.15aD 5.85±0.13aC 6.70±0.08aB 6.73±0.09aB 5.23±0.27bE 7.37±0.04aA 

Enterobacteria 

CN 1.91±0.13aC 3.30±0.25aB 
4.15±0.19aA 3.33±0.05aB 4.29±0.45aA 4.59±0.35aA 

CP 2.00±0.13aBC 1.68±0.33cC 2.02±0.16cBC 2.31±0.07bAB 2.45±0.22bAB 2.75±0.03bA 

EEPC 2.08±0.26aB 2.23±0.06bcAB 2.54±0.23cAB 2.62±0.32bAB 2.62±0.11bAB 2.93±0.54bA 

EE 2.20±0.06aD 2.76±0.10abC 3.28±0.37bB 3.72±0.21aAB 3.81±0.11aA 4.19±0.06aA 

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.33 Miyagusku et al.,34 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-1.  

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.35 According to Sukumaran et al.,36 meat products with lactic acid 
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bacteria counts of more than 7 log CFU.g-1 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 material37 and are generally 

associated with meat spoilage.38 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.  
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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 DP, 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.

Extração hidroalcóolica de compostos antioxidantes em pseudofrutos da uva Japão

Resumo

O pseudofruto da uva Japão é rico em açúcares e compostos fenólicos, mas ainda pouco explorado para extração de 
compostos antioxidantes. O objetivo do estudo foi extrair e avaliar a capacidade antioxidante desses pseudofrutos 
colhidos em dois estádios de maturação: a fase de desenvolvimento (FD) e a fase madura (FM). Os pseudofrutos foram 
avaliados quanto à composição centesimal e características físico-químicas e submetidos à extração com água 100%, 
etanol 50% e etanol 100%. Para os extratos, determinamos o teor de compostos fenólicos 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 estádio de maturação, mostrando-se uma matéria-prima promissora para utilização 
em alimentos. Além disso, os pseudofrutos na FM apresentaram aumento nos teores de sólidos solúveis, açúcares 
redutores e não redutores e acidez titulável, atribuídos à formação do ácido galacturônico durante o processo de 
maturação. Dentre os solventes utilizados, a extração com etanol 50% resultou em maior teor de compostos fenólicos 
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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 aplicação em alimentos e fármacos.

Palavras-Chave: ABTS Compostos fenólicos. DPPH. Hovenia dulcis. Maturação.

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 
et al., 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 (Nikolić 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 Chapecó, 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 µM Trolox.g-1 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

Analyses
Maturation stage

Development phase Mature phase

Moisture (%) 64.45 ± 0.20b 70.18 ± 0.93a

Ash (%) 1.96 ± 0.08a 1.52 ± 0.09b

Protein (%) 7.19 ± 0.62a 7.97 ± 0.48a

Lipids (%) 1.39 ± 0.07a 1.17 ± 0.06b

Total dietary fiber (%)† 61.74 ± 3.66a 41.66 ± 3.68b

Carbohydrates (by difference) (%) 89.46 89.34

Total soluble solids (°Brix) 4.50 ± 0.10b 10.10 ± 0.20a

Reducing sugars (%) 5.33 ± 0.18b 7.97 ± 0.18a

Non-reducing sugars (%) 2.84 ± 0.67b 6.54 ± 0.16a

Titratable acidity (%) 4.17 ± 0.11b 5.00 ± 0.21a

pH 6.49 ± 0.01b 6.68 ± 0.04a

Values expressed as averages ± standard deviation. †inserted 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 (Gonzá-
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.

Analysis
Maturation 

stage

Solvents

100% Water 50% Ethanol 100% Ethanol

TPC
DP 182.27 ± 1.74bA 347.49 ± 0.66aA 28.18 ± 3.00cA

MP 153.85 ± 4.35bB 272.47 ± 2.94aB 7.97 ± 3.42cB

EC50
DP 494.4 ± 62.9bB 66.7 ± 7.9cB 53443.8 ± 88.4aB

MP 16240.0 ± 63.6bA 2865.0 ± 28.3cA 101387.5 ± 141.4aA

ABTS
DP 11.15 ± 1.02bA 345.34 ± 3.51aA 2.52 ± 0.10cA

MP 7.10 ± 0.41bB 24.55 ± 1.10aB 1.62 ± 0.10cB

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 µM of Trolox per g of dry sample; EC50: extract 
concentration in µg/mL capable of reacting with 50% of the radical present in the DPPH solution.

	 For the ABTS and EC50 analyses (extract con-
centration in µg/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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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, whichmay have
boundwith the iron present inmyoglobin andminimized 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.
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INTRODUCTION
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.1

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.2 Oxidation occurs
mainly during storage, leading to changes in the sensory charac-
teristics, causing discoloration, alteration in texture, development
of undesirable odors and flavors, reduction of the nutritional qual-
ity, and production of potentially toxic compounds, which reduce
the shelf life of meat derivatives.2,3

Emulsified meat products are made by mincing meat, salt, fat,
spices, and seasonings, with an important role of fat in the final
quality of the product, once it can provide proper texture, juici-
ness, and flavor.3 Bologna sausage is an industrialized product
obtained from a meat emulsion, embedded in casings, and sub-
jected to appropriate heat treatment. It is a product susceptible
to lipid oxidation due to its higher fat content, which is a chal-
lenge for the food industry and can impair the acceptability of
the product.4

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.5 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.6 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.7-9 The phenolic compounds
found in fruits and vegetables can donate hydrogen atoms to free
radicals, leading to the formation of a stable phenoxyl radical, thus
reducing oxidation reactions.3,10

Hovenia dulcis T., popularly known as Japanese grape, stands
out among these vegetables, and is a promising source of bioac-
tive compounds. Morales et al.11 and Maieves et al.12 have
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reported the presence of phenolic compounds in their peduncles,
with protective effects associated with their antioxidant capacity.
Sehn et al.13 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.13 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 (São Paulo, Brazil). All other reagents were of
analytical grade.
The commercial antioxidants sodium erythorbate and licresse

(ICL Food Specialities, São Paulo, Brazil), consisting of a brown, col-
orless, odorless powder obtained by drying and grinding licorice
roots, were used. Licresse (0.5 g L−1) presented minimum 17%
total phenolics and approximately 0.3 and 1.5 mmol L−1 Trolox
equivalents by DPPH and ABTS assays, respectively.14 The other
ingredients such as sodium caseinate, curing salt (937.5 g kg−1

sodium chlorette and 62.5 g kg−1 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−1 moisture, 92.2 g kg−1

fat, 199.4 g kg−1 protein, and 13.1 g kg−1 ash), beef (musculus glu-
teus bíceps) (712.2 g kg−1 moisture, 38.5 g kg−1 fat, 225.4 g kg−1

protein, and 13.8 g kg−1 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° 460 4600 S; longitude:
45° 350 2600 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; Britânia, Brazil) to open the bulbs. Then,
they were subjected to two drying processes until reaching mois-
ture content below 150 g kg−1, as follows: (a) OP: drying in the
oven with forced air circulation (CE-205; Cienlab, Brazil) at 50 °C

until reaching ∼100 g kg−1 moistur; (b) FDP: freeze-drying (TFD
5503; IlShin, 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; Britânia) 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 describedby Rufino et al.,15

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.,16 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.15 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 μgmL−1. For the ABTS assay, the capture of the radicals
was measured at 734 nm and the results were expressed as μmol
Trolox g−1 of sample.

Production of Bologna sausages
The Bologna sausage formulations were produced in triplicate, using
the traditional ingredients as follows: pork (520 g kg−1), beef
(210 g kg−1), pork back fat (170 g kg−1), ice (40 g kg−1), cassava
starch (20 g kg−1), sodium caseinate (15 g kg−1), salt (10 g kg−1),
Bologna seasoning (10 g kg−1), sodium polyphosphate (3 g kg−1),
curing salt (1.3 g kg−1), and cochineal carmine dye (0.2 g kg−1). 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−1).
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 (AOAC),17

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 (ΔE) was calculated
by the variation of the parameters L*, a*, and b* (Eqn (1)), as
reported by Lopes et al.18

ΔE= ΔL*
� �2

+ Δa*
� �2

+ Δb*
� �2h i1=2 ð1Þ

where, ΔE 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.,19 with modifications. A standard curve was made using a
sodium nitrite standard solution of 8 μg mL−1. For that, aliquots
of 1 to 7 μg mL−1 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 5mL 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 mLwas subjected to the same procedures used to con-
struct the standard curve. The results were expressed as mg
sodium nitrite kg−1 of sample.

Lipid oxidation (TBARS)
The TBARS analysis was performed as described by Jo and Ahn20

and adapted by Marangoni and Moura.21 A standard curve was
made using a 10 μL:100 mL TEP standard solution. Then, 10 μL
to 60 μL aliquots were placed in test tubes containing 5 mL of
0.02 mol L−1 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−1

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−1 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.22 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.12 to freeze-dried
Japanese grape at similar maturity degree for phenolic com-
pound content was 4320 ± 160 mg gallic acid kg−1 dry weight,
and for ABTS was 10.92 ± 1.21 μmol Trolox kg−1 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.23

Maieves et al.12 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,12 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.24

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.25 studied the effects of different levels of sodium

reduction in Bologna sausages and found moisture contents
around 540 g kg−1. Chaves et al.26 found moisture contents of
472.4 g kg−1 to 532.6 g kg−1 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.25 (17.4–27.5 g kg−1), while the protein con-
tents corroborated the study of Chaves et al.26 (154.5–173. g kg−1).
Concerning the fat contents, lower values were observed
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when compared to the findings of Pires et al.25 (∼250 g kg−1) and
similar to those observed by Chaves et al.26 (∼200 g kg−1), 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.27 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.2 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 transformmyoglobin into metmyoglobin, leading to the for-
mation of dark pigments.28

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 themedium,
oxidation–reduction potential, and the presence of free iron.29

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 a* values was
observed from day 1 to 28 of storage, possibly due to the pres-
ence of tannins30 in the Japanese grape powder used in the for-
mulations, which retard the oxidation reactions when combined
with the iron present in myoglobin.31 A reduction in L* and a*
parameters was also reported by Akarpat et al.32 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.33 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 ΔE, according to Grasso et al.,34

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.35 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.36

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−1) Ash (g kg−1) Protein (g kg−1) Fat (g kg−1)

CONTROL 617.4 ± 12.0a 12.5 ± 2.7a 159.1 ± 4.1a 197.5 ± 7.5a

LS 607.6 ± 1.9a 9.8 ± 2.8a 154.5 ± 2.1a 195.5 ± 17.0a

OP 608.6 ± 1.3a 11.9 ± 0.5a 154.6 ± 10.3a 189.2 ± 2.8a

FDP 608.7 ± 0.8a 10.0 ± 2.2a 154.6 ± 2.1a 194.9 ± 3.2a

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).

Table 1. Phenolic compounds and antioxidant activities of the FDP and OP samples

Japanese grape powders
Phenolic compounds

(mg gallic acid kg−1 of sample)
Antioxidant activity by

DPPH radical (EC50) (μg mL−1)
Antioxidant activity by

(μmol Trolox g−1 of sample)

FDP 10 841.5 ± 195.5a 1963.3 ± 156.3b 236.6 ± 1.1a

OP 7296.9 ± 165.6b 8300.0 ± 252.2a 48.4 ± 0.2b

Mean ± standard deviation. FDP: freeze-dried Japanese grape; OP: oven-dried Japanese grape. Different letters on the same column indicate signif-
icant differences between samples (P < 0.05).
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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.35

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

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.

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

Days CONTROL LS FDP OP

L* 1 46.92 ± 1.46aA 46.64 ± 2.12aA 46.53 ± 0.28aA 46.93 ± 0.15aA

7 42.16 ± 0.49aC 37.46 ± 0.11cC 41.31 ± 0.49abC 40.47 ± 0.87bC

14 44.21 ± 0.31bcB 47.13 ± 0.45aA 45.32 ± 0.60bA 43.45 ± 0.42cB

21 42.07 ± 0.12bC 41.34 ± 0.85bB 43.86 ± 0.72aA 42.15 ± 0.71abBC

28 41.73 ± 0.44aC 41.82 ± 0.08aB 42.48 ± 0.13aC 41.46 ± 0.75aC

a* 1 10.90 ± 0.19aAB 9.12 ± 0.25bB 9.20 ± 0.17bA 8.60 ± 0.09cA

7 9.96 ± 0.24aB 7.87 ± 0.40bC 7.75 ± 0.19bC 7.63 ± 0.17bB

14 11.34 ± 0.40aA 9.56 ± 0.13bAB 8.88 ± 0.04cA 8.35 ± 0.24cA

21 10.26 ± 0.30aB 8.94 ± 0.28bB 8.07 ± 0.16cBC 8.69 ± 0.07bA

28 11.40 ± 0.64aA 10.01 ± 0.23bA 8.38 ± 0.06cB 7.38 ± 0.03dB

b* 1 12.84 ± 0.83aA 11.75 ± 0.38aA 12.65 ± 0.38aA 11.61 ± 0.39aA

7 11.67 ± 0.02aB 10.47 ± 0.51bB 11.04 ± 0.07abC 10.89 ± 0.17bB

14 11.87 ± 0.24aAB 11.51 ± 0.30aA 11.76 ± 0.20aB 11.84 ± 0.12aA

21 12.14 ± 0.31aAB 11.93 ± 0.36aA 11.62 ± 0.04aB 11.88 ± 0.31aA

28 11.53 ± 0.29aB 11.64 ± 0.27aA 11.50 ± 0.18aBC 11.48 ± 0.04aAB

1 — 3.70 ± 0.61 2.43 ± 0.20 2.84 ± 0.42
ΔE 7 — 5.15 ± 0.55 2.50 ± 0.18 2.99 ± 0.75

14 — 3.61 ± 0.31 2.77 ± 0.35 3.44 ± 0.77
21 — 1.60 ± 0.52 2.71 ± 0.60 1.82 ± 0.49
28 — 1.27 ± 0.73 2.80 ± 0.78 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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nitrite, due to the presence of isoascorbic acid, which improves
the formation of nitric oxide.37 Furthermore, the samples made
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 samples12,38 when compared to the CONTROL.

Lipid oxidation (TBARS)
Lipid oxidation is one of the limiting factors for the storage of
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.39 A significant increase in TBARS
values was observed (Fig. 3) for both the CONTROL and the

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.

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.38 In addition, the presence of
tannins in these samples possibly delayed the lipid oxidation reac-
tions once they can bind with myoglobin iron.31

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.35 Furthermore, the tannins30 and ascorbic acid from
Japanese grape12 also exhibit antioxidant effects, due to their abil-
ity to improve the antioxidant activity of the phenolic
compounds.24

Similar effects have been observed by other researchers such as
Liu et al.40 in chicken sausages with rosemary and Chinese
mahogany (Toona sinensis), and Martins et al.41 in Bologna sau-
sages made with different chitosan concentrations. According to
Terra et al.,42 TBARS values up to 1.59 mg malonaldehyde kg−1

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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