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Abstract

This study aimed to evaluate traditional Brazilian sausage (linguiça calabresa) elaborated with oregano 

and basil extracts as natural antioxidants. Hydroalcoholic extracts of dried oregano and basil leaves were 

prepared, freeze-dried, and evaluated for antioxidant activity by Folin-Ciocalteu, DPPH, FRAP, and ABTS 

assays. Freeze-dried oregano extract showed higher (p < 0.05) antioxidant activity than freeze-dried basil 

extract by all methods. Extracts were used in preparations of seven sausage formulations, as follows: 

F1, 0.05% oregano extract and 0.05% basil extract; F2, 0.1% oregano extract and 0.05% basil extract; 

F3, 0.05% oregano extract and 0.1% basil extract; F4, 0.075% oregano extract and 0.075% basil extract, 

F5, 0.1% oregano extract and 0.1% basil extract; F6 (control), without extract; and F7, 0.01% butylated 

hydroxytoluene (BHT). Sausage formulations were analyzed for chemical composition, pH, acidity, water 

activity, lipid oxidation, color, and texture. Formulations showed differences in pH at different storage 

periods. F1, F2, F3, and F7 had the lowest (p < 0.05) lipid oxidation values at 53 days of storage. F1, F2, F6, 

and F7 showed higher a* values and lower b* values. Hardness and chewiness decreased (p < 0.05) during 
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storage for all formulations. F1, F2, and F3 had similar efficiency to that with synthetic antioxidant BHT (F7), 

therefore, oregano and basil extracts have potential application as natural antioxidants in the food industry.

Key words: Phenolic compounds. Lipid oxidation. Meat products.

Resumo

Este estudo objetivou avaliar linguiça calabresa elaborada com extratos de orégano e manjericão 

como antioxidantes naturais. Extratos hidroalcoólicos de orégano e manjericão desidratados foram 

preparados, liofilizados e submetidos a avaliação de sua atividade antioxidante pelos métodos de Folin-

Ciocalteu, DPPH, FRAP e ABTS. O extrato liofilizado de orégano apresentou maior atividade antioxidante 

(p < 0,05) que o extrato de manjericão para todos os métodos. Os extratos liofilizados foram usados em 

sete formulações de linguiça calabresa, como segue: F1 com 0,05% de cada extrato, F2 com 0,1% de 

extrato de orégano e 0,05% de extrato de manjericão, F3 com 0,05% de extrato de orégano e 0,1% de 

extrato de manjericão, F4 com 0,075% de cada extrato, F5 com 0,1% de cada extrato, F6 (controle), sem 

adição de extratos e F7 adição de 0,01% de hidroxitolueno butilado (BHT). As linguiças calabresas foram 

avaliadas, quanto a composição química, pH, acidez, atividade de água, oxidação lipídica, cor e textura. As 

formulações apresentaram variação de pH nos diferentes períodos de estocagem. As formulações F1, F2, 

F3 e F7 apresentaram os menores valores de oxidação lipídica (p < 0,05) aos 53 dias de armazenamento. 

As formulações F1, F2, F6 e F7 apresentaram maiores valores de a* e menores valores de b*. Observou-

se redução (p < 0,05) de dureza e mastigabilidade ao longo do período de armazenamento para todas as 

formulações. As formulações F1, F2 e F3 apresentaram eficiência similar à formulação com antioxidante 

sintético BHT (F7), portanto, os extratos de orégano e manjericão tem potencial como antioxidante natural 

na indústria de alimentos. 

Palavras-chave: Compostos fenólicos. Oxidação lipídica. Produtos cárneos.

Introduction

Meats and meat products are sources 
of high biological value protein, lipid, vitamins, 
and mineral salts (Oliveira, Lage, Silveira, & 
Sales, 2012; Paschoal et al., 2019). Lipids 
play an important role in food quality, as they 
contribute to important sensory properties, 
such as aroma, flavor, juiciness, and nutritional 
value (Zago et al., 2020). However, high-lipid 
products are highly susceptible to oxidative 
reactions. This is particularly true for fresh 
meat and derived products, given their high 
content of polyunsaturated fatty acids and 
pro-oxidizing substances, such as iron ions, as 
well as processing methods to which products 
are subjected, including comminution and 

cooking, which can increase oxidation rates 
(Brewer, 2011; Oliveira et al., 2012; Lima, 
Rangel, Urbano, & Moreno, 2013; Faion et al., 
2015; Leão et al., 2017).

Oxidative reactions not only reduce 
the nutritional value of food but also degrade 
fat-soluble vitamins and essential fatty acids. 
As a result, unpleasant and potentially toxic 
compounds are formed, affecting food 
integrity and storage life (Leygonie, Britz, & 
Hoffman, 2012; Oliveira et al., 2012; Lima et al., 
2013; Faion et al., 2015; Ribeiro et al., 2019). 
To prevent such changes, the food industry 
adds antioxidants, either natural or synthetic, 
to food products (Karre, Lopez, & Getty, 2013; 
Shah, Bosco, & Mir, 2014; Leão et al., 2017). 
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Natural antioxidants have been gaining the 
preference of consumers, who have sought to 
adopt healthier diets as a means of preventing 
diseases, prioritizing foods from natural 
sources and with fewer additives (Mariutti & 
Bragagnolo, 2007; Zhang, Xiao, Samaraweera, 
Lee, & Ahn, 2010; Brewer, 2011; Oliveira et al., 
2012; Fernandes et al., 2016a). Some synthetic 
antioxidants are known to harm human health 
(Oliveira et al., 2012; Shah et al., 2014; Taghvaei 
& Jafari, 2015; Zehiroglu & Sarikaya, 2019).

Studies have aimed to discover natural 
products with antioxidant activity that can 
partially or fully replace synthetic antioxidants 
(Sousa et al., 2007; Shah et al., 2014; Taghvaei 
& Jafari, 2015; Ribeiro et al., 2019), such as 
condiments, aromatic herbs, and spices 
(Mariutti & Bragagnolo, 2007; Fernandes et al., 
2016a). Antioxidant properties in plants and 
vegetables are associated with the presence 
of phenolic compounds, which can stabilize 
lipid oxidation reactions (Marangoni & Moura, 
2011; Oliveira et al., 2012). Oregano (Origanum 
vulgare L.) and basil (Ocimum basilicum L.), 
which are members of the family Lamiaceae, 
are well-known for their antioxidant, 
antimicrobial, and medicinal properties 
(Mariutti & Bragagnolo, 2007).

Oregano produces essential oils 
widely applied in the food industry. Some 
components, such as carvacrol and thymol, 
exhibit antioxidant and antimicrobial properties 
(Fukayama, Bertechini, Geraldo, Kato, & 
Murgas, 2005; Bhale, Xu, Prinyawiwatkul, 
King, & Godber, 2007; Del Ré & Jorge, 2012; 
Pitaro, Fiorani, & Jorge, 2012; Gandra et al., 
2013; Gonçalves, Santos, & Morais, 2015). 
Basil essential oil has important flavor, 
antimicrobial, and antioxidant properties 
(Mariutti & Bragagnolo, 2007; Del Ré & Jorge, 
2012). Its antioxidant activity is comparable to 

that of the widely used antioxidants butylated 
hydroxytoluene (BHT) and α-tocopherol (Del 
Ré & Jorge, 2012). The antioxidant capacities 
of basil extract and essential oil are related 
to their high concentrations of phenolic 
compounds (Mendes, Rodrigues-das-Dores, 
& Campideli, 2015; Gonçalves et al., 2015). 
Carvacrol, caffeic acid, and rosmarinic acid 
are the components mainly responsible for 
the antioxidant properties of oregano extract 
(Oliveira et al., 2012), whereas eugenol, 
thymol, and carvacrol are associated with the 
antioxidant activity of basil extract (Del Ré & 
Jorge, 2012). 

This study aimed to evaluate traditional 
Brazilian sausage (linguiça calabresa) 
elaborated with oregano and basil extracts as 
natural antioxidants.

Material and Methods

Material 

Dried basil (Ocimum basilicum L.) 
and oregano (Origanum vulgare L.) leaves 
were purchased from a local market in the 
city of Londrina, Paraná State (Brazil). These 
dehydrated spices were evaluated for moisture 
by drying (Oven ASL 102, Solab, Brazil) at 105 
°C (Association of Official Analytical Chemists 
[AOAC], 1995).

Extract preparation

Dried leaf extracts of basil and oregano 
were prepared by the procedures described by 
Pitaro et al. (2012), with modifications. About 
10 L of each extract was prepared by mixing 
the plant material and 70% ethanol at a weight/
volume ratio of 1:10, grinding the mixture in a 
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blender (Philco, 1200 W, Brazil), and leaving it 
to rest for 24 h at room temperature. Samples 
were vacuum-filtered and the solvent removed 
by rotary evaporation (Rotary Evaporator 
Marconi, MA-120, Brazil) at 50 °C and 72 rpm. 
The extracts were then frozen at −18 °C and 
freeze-dried (Martin Christ Alpha 1-2 LD Plus, 
Germany) to a powder after 48 h.

The freeze-dried extracts were 
resuspended in 70% ethanol to a stock 
concentration of 1.0 g L−1, in triplicate, for 
further antioxidant activity analyses. The 
antioxidant activity was evaluated by reducing 
capacity measurement, as well as DPPH 
radical-scavenging, FRAP, and ABTS assays, 
diluting extracts according to each method.

Measure of reducing capacity

Reducing capacity was determined 
by the Folin-Ciocalteu method, as described 
by Kumazawa, Hamasaka and Nakayama 
(2004), with modifications, using gallic acid as 
standard. Results were expressed in grams 
of gallic acid equivalent (GAE) per gram of 
extract.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging assay

The method of Brand-Williams, Cuvelier 
and Berset (1995), as modified by Rufino et 
al. (2007a), was used to determine the DPPH 
radical-scavenging activity of extracts. Results 
were expressed as EC50 values, defined as 
the amount of sample (in grams) required to 
reduce the initial DPPH concentration by 50%. 

Ferric reducing antioxidant power (FRAP) 
assay

The ferric reducing antioxidant power 
(FRAP) method was performed according to 
the methodology described by Benzie and 
Strain (1996) and Sánchez-González, Jiménez-
Escrig and Saura-Calixto (2005). Results were 
expressed in mmol Trolox equivalents g−1 
extract.

2,2’-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) assay

The ABTS method was performed 
following the procedures described by Rufino 
et al. (2007b). Results were determined 
against a standard curve of Trolox (100-2000 
µmol mL−1) and expressed in mmol Trolox 
equivalents g−1 extract.

Preparation of linguiça calabresa (traditional 
Brazilian sausage) 

Table 1 shows the seven formulations 
of linguiça calabresa prepared, from F1 to 
F5 with the addition of different amounts of 
oregano and basil extracts in combination, F6 
(control formulation) without natural (extracts) 
or synthetic antioxidants, and F7 with the 
addition of the synthetic antioxidant BHT. A 
total of 4 kg was prepared for each formulation, 
totaling 28 kg of product, corresponding to 
about 40 sausages of 100 g per formulation. 
The concentrations of extracts were defined 
from tests previously carried out.
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Table 1
Formulations of linguiça calabresa (traditional Brazilian sausage) with the addition of oregano extract 
(OE), basil extract (BE), and synthetic antioxidant, butylated hydroxytoluene (BHT)

Ingredients (%) F1 F2 F3 F4 F5 F6 F7

Pork meat (palette and fat flap) 78.53 78. 28 78.28 78.53 78. 28 78.53 78. 28

Fat (bacon) 10.00 10.00 10.00 10.00 10.00 10.00 10.00

Water / ice 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Salt 1.80 1.80 1.80 1.80 1.80 1.80 1.80

Curing salt 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Sodium erythorbate 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Sugar 0.13 0.13 0.13 0.13 0.13 0.13 0.13

Monosodium glutamate 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Calabrian pepper 0.06 0.06 0.06 0.06 0.06 0.06 0.06

Sodium tripolyphosphate 0.20 0.20 0.20 0.20 0.20 0.20 0.20

BE 0.05 0.05 0.1 0.075 0.1 ---- ----

OE 0.05 0.1 0.05 0.075 0.1 ---- ----

BHT ---- ---- ---- ---- ---- ---- 0.01

Sausages (linguiça calabresa) were 
prepared using only pork (pork cuts and 
fat) as raw material. It was purchased from 
a slaughterhouse located in southwestern 
Paraná State. First, pork was weighed, ground 
using an 8 mm plate, and mixed with the 
other ingredients. Then, the material was 
homogenized and divided into rolls of about 
100 g each. The sausages were oven-cooked 
at 60 °C for 3 h and 15 min, increasing the 
temperature by 5 °C every 1 h until the internal 
temperature reached 75 °C. All formulations 
were subjected to cold smoking with natural 
smoke, cooled, vacuum-packed (Selovac 
Sealer, Selovac, Brazil) in five-layered poly-
nylon bags, and stored at 4 °C until analysis.

Determination of proximate composition, pH, 
acidity and water activity

Proximate chemical composition was 
determined according to AOAC International 

methods (AOAC, 1995). Briefly, moisture was 
determined by drying (Oven ASL 102, Solab, 
Brazil) at 105 °C; ash, by incineration in a 
muffle furnace (Quimis, Q318M25T, Brazil) at 
550 °C; and lipids, by Soxhlet extraction with 
petroleum ether after acid hydrolysis. Nitrogen 
content was ascertained by the micro-Kjeldahl 
method, using a protein conversion factor of 
6.25, and carbohydrate content was calculated 
by difference. 

The analyses of pH, water activity, and 
acidity were performed at 4 and 53 days of 
storage at 4 °C. The pH was determined using 
a pH meter (Testo 205, Testo, Germany), while 
water activity was assessed using Aqualab 
4TEV equipment (4 TEV, AquaLab, USA). 
Acidity was determined by titration with 0.1 
mol L−1 NaOH, according to the Adolfo Lutz 
Institute method (Instituto Adolfo Lutz [IAL, 
2008]).
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Lipid oxidation 

Lipid oxidation was evaluated after 4, 
17, 31, and 53 days of storage at 4 °C by the 
thiobarbituric acid reactive substances (TBARS) 
method, as described by Tarladgis, Pearson, & 
Dugan Jun (1964), with modifications. Briefly, 
5.0 g of the sausage was homogenized with 
15.0 mL of 7.5% (w/v) trichloroacetic acid and 
2.0 mL of 20% sulfanilamide, using a Turrax 
mixing device (Turratec TE-102, Tecnal, Brazil) 
at 7000 rpm for 2 min, centrifuged (Eppendorf, 
5810 R, Germany) at 6000 rpm and 20 °C for 
10 min, and filtered through filter paper. A 5.0 
mL aliquot of the filtrate was mixed with 5.0 mL 
of 0.02 mol L−1 thiobarbituric acid, incubated in 
a boiling water bath for 35 min, cooled to room 
temperature, and read on a spectrophotometer 
(Libra S22, Biochrom, England) at 532 nm. A 
standard curve of 1,1,3,3-tetraethoxypropane 
in 1% sulfuric acid was constructed in the 
concentration range of 0.4 to 3.6 x 10-3 

mmol L−1. Results were expressed in mg of 
malonaldehyde kg−1 sample.

Color and texture analysis

Color measurements were performed 
after 4, 17, 31, and 53 days of storage at 4 
°C on a colorimeter (Minolta CR-400, Konica 
Minolta, Japan) set up for illuminant D65 and 
10° observer angle. Sausage samples were 
analyzed at three different points on the 
inside of each slice. Results were expressed in 
CIELAB coordinates (L*, a*, and b*).

Texture profile analysis was carried 
out after 5 and 54 days of storage, using a 
TA.XTplus analyzer (Stable Micro Systems, 
UK) (Bourne, 1978). The analyzed parameters 
were as follows: pre-test speed of 2 mm s−1, 
test speed of 4 mm s−1, post-test speed of 

10 mm s-1, force of 0.1 N, analysis time of 5 s, 
and compression distance of 5 mm. Sausage 
samples were cut into cylindrical slices (2 cm 
height) and compressed twice to 50% of their 
height, using a P/40 probe. Lastly, hardness 
(N), adhesiveness (N.s), cohesiveness, 
springiness, chewiness (N), and resilience 
were determined.

Statistical analysis

Data were subjected to analysis 
of variance (ANOVA) followed by Tukey’s 
mean test at the 5% significance level, using 
Statistica software version 7.0 (StatSoft, 
2005).

Results and Discussion

Antioxidant activity of oregano and basil 
extracts

Moisture contents of the spices were 
11.98% (±0.15%) in oregano and 11.93% 
(±0.09%) in basil, both following the Brazilian 
legislation (Agência Nacional de Vigilância 
Sanitária [ANVISA, 2005]), in which a maximum 
of 12% is required to conserve bioactive 
compounds. 

Oregano extract was obtained at a 
higher yield (p < 0.05) and showed higher 
antioxidant activity than did basil extract by all 
methods (Table 2). This may be due to a greater 
presence of soluble antioxidant compounds 
in the hydroalcoholic solution of oregano 
leaves. Other authors have also found that 
oregano had high antioxidant activity likely 
associated with its high concentration of 
phenolic compounds (Alezandro, Lui, Lajolo, 
& Genovese, 2011; Gonçalves et al., 2015; 
Fernandes et al., 2016a). 
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When comparing oregano and basil 
extracts by the Folin-Ciocalteu method, 
oregano showed a reducing capacity of 
199.39 g GAE g-1 extract, while basil had 
103.26 g GAE g-1 extract. Gonçalves et al. 
(2015) demonstrated that basil and oregano 
alcoholic extracts had reducing capacities of 
7.0 and 41.0 µg GAE mL−1, respectively.  

By the ABTS method, oregano extract 
had 3.6 times more antioxidant activity than did 
basil extract, showing values of 2.58 and 0.71 
mmol Trolox g-1 extract, respectively. Mariutti, 
Barreto, Bragagnolo and Mercadante (2008) 
found that oregano and basil ethanol extracts 
had ABTS values of 73.3 and 8.6 mmol Trolox 
g−1, respectively.

Oregano extracts also showed better 
results than did basil extracts by the FRAP 
method, with values of 2935.52 and 1358.39 
mmol Trolox g-1 extract, respectively. By 
using the same method, Fernandes et al. 
(2016a) observed that oregano extract had 
an antioxidant activity of 472.32 µmol Trolox 
g−1 dry weight and basil extract 213.28 µmol 

Table 2
Yield and antioxidant activity of oregano and basil lyophilized extracts

Methods
Extracts

Oregano Basil BHT

Extract yield (%) 17.30 8.17 -

DPPH EC50

(g extract g-1 DPPH)
29.75b ±2.81 40.50a ±4.66 42.73a ±3.61

FRAP
(mmol Trolox g-1 extract)

2935.52a ±99.83 1358.39b ±26.17 N.A

ABTS
(mmol Trolox g-1 extract)

2.58a ±0.15 0.71b ±0.02 N.A

Reducing capacity
(g GAE g-1 extract)

199.39a ±7.64 103.26b ±8.75 N.A

N.A: not analyzed.
a-b Same letters in the line indicate no difference between extracts (Tukey, p > 0.05).

Trolox g−1 dry weight. In the study of Fernandes, 
Trindade, Lorenzo, Munekata and Melo (2016b), 
oregano extract had a FRAP value of 344.09 
mmol Trolox g-1 and, in general, its phenolic 
profile showed a positive correlation with its 
antioxidant activity. 

Regarding the DPPH method, oregano 
extracts showed lower EC50 values (29.75 g 
extract g-1 DPPH) than did basil extracts (40.50 g 
extract g-1 DPPH); therefore, a smaller amount 
of oregano extract is needed to decrease the 
initial concentration of DPPH radical by 50%. 
Alezandro et al. (2011) found that oregano 
extract has higher DPPH radical-scavenging 
activity and total phenolic contents than do 
basil, bay leaf, chive, parsley, onion, rosemary, 
and turmeric extracts.

As mentioned before, the referred 
studies revealed that oregano extracts have 
stronger antioxidant activity and reducing 
capacity than do basil extracts, thus agreeing 
with our findings. However, our values were 
relatively higher for FRAP, ABTS, and reducing 
capacity methods and lower for EC50 



Savoldi, D. C. et al.

3764 Semina: Ciênc. Agrár. Londrina, v. 42, n. 6, suplemento 2, p. 3757-3776, 2021

(DPPH method). This might be due to extract 
preparation for freeze-drying different from 
others authors.

By comparing the DPPH antioxidant 
activities of natural and synthetic (BHT) 
extracts, the EC50 of BHT was like that of 
basil extract and 1.6 times higher than that 
of oregano extract (Table 2). The extracts 
were evaluated for antioxidant activity during 

storage (Figure 1). The results showed that 
activity decreased over time, by 37.32% for 
oregano and 51.36% for basil, after 39 days of 
storage at −18 °C. Bhale et al. (2007) observed 
that oregano extract is more stable and 
resistant to high cooking temperatures than 
is rosemary extract. In this sense, oregano 
extract can be used in cooked meat products 
such as linguiça calabresa. 

Proximate composition, pH, acidity and water 
activity

Sausage formulations did not 
differ (p > 0.05) in chemical composition 
(Table 3). All formulations were under the 

values of 2935.52 and 1358.39 mmol Trolox g-1 extract, respectively. By using the same method, Fernandes 

et al. (2016a) observed that oregano extract had an antioxidant activity of 472.32 µmol Trolox g−1 dry weight 

and basil extract 213.28 µmol Trolox g−1 dry weight. In the study of Fernandes, Trindade, Lorenzo, 

Munekata and Melo (2016b), oregano extract had a FRAP value of 344.09 mmol Trolox g-1 and, in general, 

its phenolic profile showed a positive correlation with its antioxidant activity.  

Regarding the DPPH method, oregano extracts showed lower EC50 values (29.75 g extract g-1 

DPPH) than did basil extracts (40.50 g extract g-1 DPPH); therefore, a smaller amount of oregano extract is 

needed to decrease the initial concentration of DPPH radical by 50%. Alezandro et al. (2011) found that 

oregano extract has higher DPPH radical-scavenging activity and total phenolic contents than do basil, bay 

leaf, chive, parsley, onion, rosemary, and turmeric extracts. 

As mentioned before, the referred studies revealed that oregano extracts have stronger antioxidant 

activity and reducing capacity than do basil extracts, thus agreeing with our findings. However, our values 

were relatively higher for FRAP, ABTS, and reducing capacity methods and lower for EC50 (DPPH method). 

This might be due to extract preparation for freeze-drying different from others authors. 

By comparing the DPPH antioxidant activities of natural and synthetic (BHT) extracts, the EC50 of 

BHT was like that of basil extract and 1.6 times higher than that of oregano extract (Table 2). The extracts 

were evaluated for antioxidant activity during storage (Figure 1). The results showed that activity decreased 

over time, by 37.32% for oregano and 51.36% for basil, after 39 days of storage at −18 °C. Bhale et al. 

(2007) observed that oregano extract is more stable and resistant to high cooking temperatures than is 

rosemary extract. In this sense, oregano extract can be used in cooked meat products such as linguiça 

calabresa.  

 

 
 
Figure 1. Evaluation of antioxidant activity by the DPPH radical capture method during storage of 
hydroalcoholic extracts of oregano, and basil for 39 days at -18 ºC. 

 

Proximate composition, pH, acidity and water activity 

Sausage formulations did not differ (p > 0.05) in chemical composition (Table 3). All formulations 

0

10

20

30

40

50

60

70

18 25 32 39

EC
50

 (g
 e

xt
ra

ct
 g

-1
  D

PP
H

) 

Storage time (days) 

Oregano
Basil

Figure 1. Evaluation of antioxidant activity by the DPPH radical capture method during storage of 
hydroalcoholic extracts of oregano, and basil for 39 days at -18 ºC.

Brazilian legislation, having a maximum lipid 
concentration of 35%, a maximum moisture 
content of 60%, and a minimum protein 
content of 14% (Ministério da Agricultura 
Pecuária e Abastecimento [MAPA], 2000).
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The studied formulations also differed 
in pH (6.27 to 6.43) (p < 0.05) during storage 
(Table 4). Alves et al. (2016) found that Bologna 
sausages have a pH range of 6.01 to 6.11. 
Changes in pH during storage were also 
observed by Barbosa, Clemente, Chaves, 
Fonseca and Meireles (2019) (6.33 to 5.02) and 
Zago et al. (2020) (5.66 to 6.16) for sausages 
prepared with fresh bovine meat, rosemary 
extract, and green tea (45 days at 0-4 °C) 
and Tuscan sausage prepared with freeze-
dried pomegranate peel extract (30 days at 
5 °C), respectively. The pH values recorded 
in the current study remained close to the 
acceptable limits for meat products (pH 5.4 
to 6.2) (Mantovani, Corazza, Cardozo, & Costa, 
2011). F5 and F6 showed higher pH values (p < 
0.05) at 53 days of storage, whereas F1 and F3 
had lower (p < 0.05). The gradual reduction in 
pH was due to a lower temperature of storage 

Table 3
Approximate chemical composition of linguiças calabresas (traditional Brazilian sausage) formulated 
with the addition of oregano and basil extracts

Formulations Lipids (%) Proteins (%) Moisture (%) Ashes (%) Carbohydrates* (%)

F1 12.85a±2.22 18.88a±2.80 55.17a±4.69 6.83a±2.06 6.25

F2 13.56a±2.14 20.69a±2.10 59.48a±0.74 4.73a±2.94 1.53

F3 13.43a±9.95 20.27a±3.01 55.94a±3.17 4.83a±3.15 5.51

F4 14.56a±4.58 21.02a±1.67 56.28a±1.50 6.87a±1.32 1.27

F5 15.26a±3.32 21.20a±2.46 57.06a±1.21 4.74a±3.26 1.73

F6 17.53a±3.33 20.54a±1.84 55.16a±2.73 6.50a±1.44 0.26

F7 14.95a±3.87 21.46a±0.94 55.20a±1.00 7.47a±0.31 0.91

F1: 0.05% oregano extract / 0.05% basil extract; F2: 0.1% oregano extract / 0.05% basil extract; F3: 0.05% oregano 
extract / 0.1% basil extract; F4: 0.075% oregano extract / 0.075% basil extract; F5: 0.1% oregano extract / 0.1% basil 
extract; F6: Control; F7: 0.01% BHT.
a Same letter in the column indicate no difference between the formulations (Tukey, p > 0.05).
* Carbohydrate is calculated by difference.

(4 °C), vacuum packaging (barrier to O2), and 
the development of lactic acid bacteria, 
which increases product acidity (Zago, 2018). 
Schwert (2009) also verified a reduction in pH 
for linguiça calabresa (60 days) due to lactic 
acid.

No significant differences (p > 0.05) in 
acidity (Table 4) were observed among sausage 
formulations at 4 (4.08-4.81%) and 53 (4.60-
5.65%) days of storage; however, it increased 
(p < 0.05) for F3, F4, and F6 at the end of the 
53-day storage period. A similar increase in 
acidity was also reported by Joseph, Chatli, 
Biswas and Sahoo (2014) for pork emulsion 
containing tomato products and/or guava pulp 
and stored at 4 °C for 9 days. Such an increase 
can be attributed to the formation of organic 
acids, such as lactic acid (Carbonera & Espírito 
Santo, 2010). 
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Table 4
Parameters of pH, acidity and water activity of linguiças calabresas (traditional Brazilian sausage) 
formulated with the addition of oregano and basil extracts

Parameters

Days Formulations pH Acidity (%) Water activity

F1 6.40aA±0.01 4.64aA±0.34 0.96aA±0.01

F2 6.41aA±0.02 4.79aA±0.41 0.96aA±0.01

F3 6.36abA±0.03 4.62aB±0.15 0.96aB±0.00

04 F4 6.34bA±0.02 4.69aB±0.42 0.97aA±0.01

F5 6.34bB±0.05 4.8AaA±0.25 0.97aA±0.00

F6 6.37abB±0.01 4.08aB±0.39 0.98aA±0.00

F7 6.33bA±0.04 4.31aA±0.40 0.97aA±0.00

F1 6.28bB±0.01 5.46aA±0.18 0.97aA±0.00

F2 6.38abA±0.01 4.83aA±0.38 0.97aA±0.00

F3 6.27bB±0.03 5.65aA±0.19 0.97aA±0.00

53 F4 6.37abA±0.08 5.64aA±0.55 0.97aA±0.01

F5 6.43aA±0.02 4.92aA±0.34 0.97aA±0.01

F6 6.39abA±0.01 4.91aA±0.13 0.97aA±0.00

F7 6.35abA±0.03 4.60aA±0.37 0.97aA±0.00

F1: 0.05% oregano extract / 0.05% basil extract; F2: 0.1% oregano extract / 0.05% basil extract; F3: 0.05% oregano 
extract / 0.1% basil extract; F4: 0.075% oregano extract / 0.075% basil extract; F5: 0.1% oregano extract / 0.1% basil 
extract; F6: Control; F7: 0.01% BHT.
a-b Same lowercase letters in the column indicate that there is no difference between the formulations (Tukey, p > 0.05).
A-B Same capital letters in the column indicate that there is no difference between the days evaluated for the same 
formulation (Tukey, p > 0.05).

All sausage formulations did not differ 
(p > 0.05) in water activity throughout storage 
(Table 4), ranging from 0.96 to 0.98. Similar 
results were reported by Alves et al. (2016) 
(0.97 to 0.98) for Bologna sausage and lower 
values were obtained by Castellucci (2004) for 
vacuum-packed linguiça calabresa (0.95).

Lipid oxidation

Lipid oxidation ranged from 0.27 to 
0.39 mg malonaldehyde kg−1 (Table 5), that is, 
lower than the human threshold for detection 
of unpleasant odor (0.5-1.0 mg malonaldehyde 
kg−1), as reported by De Carli, Terra, Fries, 
Menezes and Palezi (2013). Values lower than 
0.5 mg malonaldehyde kg−1 were also found 
by Zago et al. (2020) and Boeira et al. (2020) 
for Tuscan sausage prepared with freeze-
dried pomegranate peel extract after 30 days 
of storage and fresh chicken sausage with 
lemongrass extract after 42 days of storage, 
respectively.
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Table 5
Lipid oxidation (mg malonaldehyde kg-1 sample) of linguiça calabresa (traditional Brazilian sausage) 
formulated with the addition of oregano and basil extracts

Formulations
Days of storage at 4 °C

4 17 31 53

F1 0.28aB ±0.00 0.36aA±0.03 0.37abA ±0.01 0.29bcB ±0.02

F2 0.28aB ±0.01 0.35aA±0.00 0.36bA ±0.01 0.31bcB ±0.01

F3 0.32aAB ±0.02 0.36aA±0.00 0.36abA ±0.00 0.31bcB ±0.01

F4 0.31aB ±0.03 0.37aA±0.01 0.39abA±0.01 0.37aA ±0.03

F5 0.31aB ±0.02 0.38aA±0.01 0.39aA ±0.02 0.35abAB ±0.02

F6 0.28aC ±0.02 0.35aAB±0.02 0.37abA ±0.02 0.31abcBC ±0.01

F7 0.27aB ±0.02 0.28bB±0.02 0.38abA ±0.01 0.27cB ±0.02

F1: 0.05% oregano extract / 0.05% basil extract; F2: 0.1% oregano extract / 0.05% basil extract; F3: 0.05% oregano 
extract / 0.1% basil extract; F4: 0.075% oregano extract / 0.075% basil extract; F5: 0.1% oregano extract / 0.1% basil 
extract; F6: Control; F7: 0.01% BHT.
a-c Same lowercase letters in the column indicate that there is no difference between the formulations (Tukey, p > 0.05).
A-C Same capital letters in the line indicate that there is no difference between the days evaluated for the same formulation 
(Tukey, p > 0.05).

An increase in lipid oxidation reactions 
was detected at 17 days of storage (Table 5). 
After this period, the level of oxidation varied 
between formulations and storage days. F7, 
which was prepared with BHT, was stable (p 
> 0.05) up to 17 days of storage. During the 
evaluation period, changes in TBARS values 
were observed in all formulations, which 
evidences oxidative reactions. Schwert, 
Verlindo, Cichoski, Oliveria and Valduga 
(2011) found that variations in TBARS values 
during storage are associated with reactions 
between malonaldehyde and several other 
compounds. Kim, Cho and Han (2013) also 
reported significant changes in TBARS values 
between treatments and storage times (total 
of 12 days) for meat products prepared with 
plant extracts.

By comparing the formulations added 
with natural extracts, F5 was the only to 
maintain the levels of lipid oxidation between 

17 to 53 days, while the TBARS values of F1, 
F2, F3, and F4 increased between 4 and 17 
days of storage, stabilized between 17 and 31 
days, and then decreased between 31 and 53 
days. This behavior is typical of some products 
from lipid oxidation, such as thiobarbituric 
acid reactive compounds, whose values, 
in most cases, increase during storage, 
reaching a maximum value and, subsequently, 
decreasing or stabilizing, due to secondary 
reactions of malonaldehyde (Channon & Trout, 
2002). Utrera and Estévez (2013) observed 
reductions in hexanal contents in different 
types of meat and correlated it to increasing 
Schiff bases, suggesting reactions between 
aldehydes (lipid oxidation products) and 
proteins. At 53 days of storage, F3, F2, and F1 
had the lowest lipid oxidation values and did 
not differ (p > 0.05) from the control (F6) and 
the formulation with synthetic antioxidant (F7). 
Therefore, these findings indicate that these 
formulations had reduced lipid oxidation.
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Although basil and oregano extracts 
showed good antioxidant activity, their 
concentrations and activities together did not 
significantly inhibit lipid oxidation in linguiça 
calabresa formulations. However, these 
extracts can be used in the food industry 
as natural antioxidants, as they showed 
antioxidant activity similar to BHT after one 
month of storage. The formulations added 
with natural extracts (F1, F2, and F3) showed 
similar efficiency to that using synthetic 
antioxidant BHT (F7). Still, F1 showed similar 
results to the control formulation for color and 
texture analyses.

The results of lipid oxidation indicate 
that further studies with variations in extract 
concentrations are needed. This is because 
extracts may have different antioxidant 
activities if used individually, in fresh or non-
vacuum-packed products. Furthermore, 
the reduction of oxygen in packaging may 
have inhibited lipid oxidation reactions in all 
formulations, making it difficult to analyze the 
data obtained. These varied in a relatively small 
range and below the limits of human detection 
(0.5-1.0 mg malonaldehyde kg−1 sample) (De 
Carli et al., 2013).

Color parameters and texture profile

Sausage formulations did not differ (p 
> 0.05) in L* (lightness) during storage (Table 
6). This is a good result, as a decrease in L* 
indicates darkening, stemming from chemical 
reactions and dehydration (Lorenzo, González-
Rodríguez, Sánchez, Amado, & Franco, 2013). 
Bozkurt and Bayram (2006) and Lorenzo, 
Temperán, Bermúdez, Cobas, & Purriños 
(2012) observed that the L* values of meat 
sausages decreased during curing at 15 and 
28 days, respectively.

F1, F2, F6, and F7 (Table 6) always had 
higher a* (red-green component) and lower 
b* (yellow-blue component) values, which 
are desirable for meat products (Zago, 2018). 
Together with F3, these formulations showed 
the best results for lipid oxidation and kept 
red color intensity, reducing iron oxidation 
in myoglobin. The parameter a* ranged from 
10.93 to 13.97 during storage, with significant 
differences (p < 0.05) between F2 and the other 
formulations. F3 and F5 had higher (p < 0.05) 
b* values, indicating a tendency to yellowing. 
This is likely related to the presence of basil 
and oregano extracts. Krishnan et al. (2014) 
and Karabagias, Badeka and Kontominas 
(2011) also observed increases (p < 0.05) 
in b* values in chicken fillet prepared with 
spice extracts and lamb meat prepared with 
oregano essential oil, respectively. The color 
parameters of F6 (control) and F7 (BHT) were 
closer to those of F1.
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Table 6
Color parameters, lightness (L*), red-green component (a*) and yellow-blue component (b*), of linguiças 
calabresas (traditional Brazilian sausage) formulated with the addition of oregano and basil extracts

Days Formulations L* a* b*

F1 58.74aA±1.83 13.17aA±1.06 6.53abcA±0.54

F2 59.39aA±1.97 11.60bB±1.00 6.23bcB±0.50

F3 58.96aA±3.30 11.57bA±1.17 6.99abA±0.60

04 F4 59.40aA±1.10 11.71bA±0.26 6.42bcB±0.42

F5 58.83aA±2.11 11.45bA±0.99 7.42aA±0.68

F6 58.95aA±2.08 13.81aA±0.89 5.94cdA±0.66

F7 59.09aA±3.64 13.64aA±1.02 5.17dC±0.55

F1 60.76aA±2.18 12.18aA±1.17 6.61abcA±0.63

F2 56.70aA±2.56 12.99aA±1.28 6.12bcB±0.58

F3 58.98aA±2.71 12.17aA±0.93 7.30aA±0.84

17 F4 57.33aB±1.64 12.28aA±1.03 7.00abA±0.42

F5 57.60aA±2.17 11.24aA±1.58 7.40aA±0.78

F6 59.88aA±4.45 13.35aA±1.68 6.11bcA±0.53

F7 60.14aA±2.29 13.03aA±1.08 5.94cB±0.38

F1 58.60aA±1.87 12.55abcA±1.14 6.67bcA±0.59

F2 57.93aA±1.82 11.91bcdAB±0.88 7.16abA±0.65

F3 58.93aA±2.10 11.50bcdA±1.01 7.42aA±0.74

31 F4 58.31aAB±1.16 11.43bcdA±0.67 7.45aA±0.34

F5 59.84aA±2.59 10.93dA±1.04 7.75aA±0.70

F6 59.59aA±3.36 13.97aA±1.16 6.33cA±0.48

F7 59.29aA±2.09 13.07abA±1.24 6.40cAB±0.34

F1 58.67aA±3.19 12.62abA±1.13 6.79bcA±0.66

F2 59.12aA±3.46 12.52abAB±1.13 7.11abA±0.59

F3 59.27aA±3.25 11.53bA±0.97 7.51abA±0.51

53 F4 59.23aA±1.27 11.75bA±0.71 7.19abA±0.44

F5 58.13aA±2.36 11.82bA±1.16 7.89aA±0.26

F6 59.76aA±3.48 13.70aA±1.22 5.87cA±0.42

F7 59.93aA±1.99 12.44abA±1.07 6.79bcA±0.59

F1: 0.05% oregano extract / 0.05% basil extract; F2: 0.1% oregano extract / 0.05% basil extract; F3: 0.05% oregano 
extract / 0.1% basil extract; F4: 0.075% oregano extract / 0.075% basil extract; F5: 0.1% oregano extract / 0.1% basil 
extract; F6: Control; F7: 0.01% BHT.
a-d Same lowercase letters in the column indicate that there is no difference between the formulations (Tukey, p > 0.05).
A-C Same capital letters in the column indicate that there is no difference between the days evaluated for the same 
formulation (Tukey, p > 0.05).
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Texture is an important physical 
property that directly influences sensory 
characteristics. Texture profile analysis (Table 
7) revealed reductions (p < 0.05) in hardness 
and chewiness of samples between days 5 
and 54 of storage. Adhesiveness, however, did 
not differ (p > 0.05) throughout the evaluation 
period for F6.

Springiness differed among 
formulations, but resilience did not vary 

during storage (p < 0.05). However, hardness, 
essential for meat products (Soncu et al., 
2015), decreased markedly, possibly due to 
lower dehydration of products during storage. 
Bozkurt and Bayram (2006) reported increases 
(p < 0.05) in hardness and chewiness, but 
reductions (p < 0.05) in adhesiveness, 
springiness, and cohesiveness, besides a lack 
of change in resilience (p > 0.05) in sausages 
during a 15-day curing period.

Table 7
Texture profile (TPA) of linguiças calabresas (traditional Brazilian sausage) formulated with the addition 
of oregano and basil extracts at 05 and 54 days of storage

Parameters (05 days)

Formulations
Hardness

(N)
Adhesiveness

(N.s)
Springiness Cohesiveness

Chewness
(N)

Resilience

F1 21998aA±4060 45aA±15 0.92aB±0.04 0.77abA±0.03 16751aA±2060 0.39aA±0.03

F2 17884aA±2095 39aA±9.0 0.94aA±0.05 0.74abB±0.03 12909bA±1391 0.36aA±0.03

F3 22956aA±3876 58aA±12 0.91aA±0.04 0.77abA±0.04 16771aA±1824 0.40aA±0.02

F4 19669aA±2234 61aA±6.9 0.92aA±0.02 0.77aA±0.02 13071bA±843 0.38aA±0.03

F5 16735aA±1124 59aA±13 0.91aA±0.04 0.73bA±0.04 11609bA±902 0.34aA±0.03

F6 15139aA±2067 42aA±22 0.92aA±0.05 0.76abA±0.04 12045bA±1783 0.37aA±0.03

F7 21364aA±3021 55aA±9.8 0.90aA±0.07 0.79aA±0.02 13991abA±1922 0.40aA±0.02
Parameters (54 days)

Formulations
Hardness

(N)
Adhesiveness

(N.s)
Springiness Cohesiveness

Chewness
(N)

Resilience

F1 10157abB±1951 4.1aB±3.0 0.97aA±0.05 0.79aA±0.05 7825aB±839 0.41aA±0.04

F2 10170abB±1460 7.1abB±2.8 0.93abA±0.04 0.77aA±0.03 7272aB±777 0.37abA±0.02

F3 9742abB±1783 15abB±8.8 0.90bA±0.06 0.76aA±0.05 6845abB±1147 0.38abA±0.03

F4 7288bB±979 16abB±7.0 0.92bA±0.02 0.78aA±0.02 5600bB±401 0.37abA±0.02

F5 10310aB±1359 10abB±3.2 0.88bB±0.04 0.75aA±0.04 6702abB±568 0.35abA±0.03

F6 9465abB±2175 11abA±4.2 0.94abA±0.03 0.78aA±0.04 7437aB±787 0.36abA±0.03

F7 8172abB±1666 21bB±13 0.92abA±0.05 0.76aA±0.07 6425abB±822 0.33bA±0.05

F1: 0.05% oregano extract / 0.05% basil extract; F2: 0.1% oregano extract / 0.05% basil extract; F3: 0.05% oregano 
extract / 0.1% basil extract; F4: 0.075% oregano extract / 0.075% basil extract; F5: 0.1% oregano extract / 0.1% basil 
extract; F6: Control; F7: 0.01% BHT.
a-b Same lowercase letters in the column indicate that there is no difference between the formulations (Tukey, p > 0.05).
A-B Same capital letters in the column indicate that there is no difference between the days evaluated for the same 
formulation (Tukey, p > 0.05).
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Hardness, adhesiveness, springiness, 
and resilience did not differ (p > 0.05) among 
formulations at 5 days of storage. At 54 days, 
no differences (p > 0.05) in cohesiveness were 
observed. Nevertheless, texture changes 
could not be correlated with extract addition 
to formulations.

Conclusions

Oregano and basil extracts showed 
antioxidant activity, thus having the potential 
to be used in the food industry. The addition 
of oregano and basil extracts to linguiça 
calabresa formulations did not significantly 
alter their quality parameters. Simultaneous 
addition of oregano and basil extracts in 
different proportions (from 0.05 to 0.1%) was 
as efficient as BHT addition.
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