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1 Introduction
Capsicum is a genus of the Solanaceae family, considered as 

one of the most economically important (Antonio et al., 2018). 
Five species are domesticated: Capsicum annuum, C. baccatum, 
C. chinense, C. frutescens and C. pubescens (Pickersgill, 1997). 
Among the domesticated species, C. chinense is considered 
the most Brazilian peppers. This species is largely cultivated in 
the Amazon region, which is a probable domestication center. 
Presenting a great genetic variability for size, shape, color and 
pungency of the fruits, C. chinense is broadly used in Brazilian 
cuisine, especially the types known as pimenta-de-cheiro, pimenta-
de-bode, cumari-do-Pará, murupi, habanero and pimenta biquinho 
(Alvares Bianchi et al., 2020).

The main substance responsible for the pungency in 
peppers is capsaicin. Besides capsaicin, other compounds can 
be quantified in cultivated pepper species, such as phenolic 
compounds, carotenoids, anthocyanins and antioxidant activity 
(Thuphairo et al., 2019; Hernández-Peréz et al., 2020).

Bioactive compounds from pepper species are known for 
their pharmacological properties such as analgesic, anti-obesity, 
cardioprotective, neurological and dietetic activity (Mendes & 
Gonçalves 2020). Several studies, both in vitro and in vivo, have 
linked C. chinense to protective effects such as antioxidant and 
anticancer activity (Sharma  et  al., 2017; Sarpras  et  al., 2018; 

Sherova et al., 2019), useful in reducing or preventing chronic 
diseases (Antonious 2018; Salehi et al., 2018).

These functional compounds can be used as additives in 
multifunctional foods, with potential in the food industry (Lu et al., 
2017). Is increasing the interest in using natural antioxidants, as 
those of Capsicum for example, since the synthetic antioxidants 
present carcinogenic potential and other damages to health 
associated with them (Fratianni et al., 2020; Franco et al., 2012; 
Radha Krishnan  et  al., 2014; Cabral  et  al., 2021). Capsaicin 
has been used as a flavoring and preservative agent in food 
formulations and as an active compound in packaging film and 
functional foods, as its antioxidant and antimicrobial activity 
(Rezazadeh et al., 2021). For this purpose, the development of 
new cultivars with characteristics that meet the needs of growers 
and consumers is necessary. In order to achieve this goal, plant 
breeders need genetic resources and must have access to the widest 
genetic diversity available. In addition, the characterization of 
these genetic resources is essential information for conservation 
and use in breeding programs (Alvares Bianchi et al., 2020).

Incorporating nutrient-rich pepper genotypes that contain 
high levels of bioactive compounds into human diets can help 
combat nutrient deficiencies by meeting daily needs (Antonio et al., 
2018). Accordingly, the objective of this work was to perform 
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the chemical characterization of bioactive compounds present in 
C. chinense accessions from the Capsicum Genebank of Embrapa 
Temperate Agriculture (one of the 43 Decentralized Units of 
Brazilian Agricultural Research Corporation).

2 Material and methods
2.1 Germplasm

Ripe fruits of 19 randomly chosen C. chinense accessions 
(Table 1) from the Capsicum Genebank of Embrapa Temperate 
Agriculture (Pelotas, Rio Grande do Sul state, Brazil) were 
evaluated. Sowing was performed in October 2018, in expanded 
polystyrene trays filled with sterilized commercial substrate, 
which were maintained in a greenhouse located in the facilities 
of Embrapa Temperate Agriculture. When they reached around 
10 cm of height, the seedlings were transplanted into 7 L capacity 
pots containing substrate. Pots with the plants were maintained 
in the greenhouse, irrigated manually. Experimental design was 
entirely randomized, considering each pot an experimental 
unit (one accession) with five repetitions (five pots). Ripe fruits 
from each plant were stored at -18 °C in a freezer in the Food 
Science and Technology Laboratory of Embrapa Temperate 
Agriculture. In order to perform the analyses, the seeds were 
discarded and opposite longitudinal portions of the fruits were 
manually prepared. The 19 accessions were analyzed for total 

phenolic content, total carotenoids, total anthocyanins and 
antioxidant potential.

2.2 Quantification of phenolic compounds

The methodology for determination of total phenolic 
compounds was adapted from Swain & Hillis (1959). 250 μL of 
the sample was pipetted into a test tube, soon after then were 
added 4 mL of ultrapure water and 250 μL of Folin-Ciocalteu 
reagent (0.25 N). The tubes were shaken for 1 minute and left for 
3 minutes to react. Later, 500 μL of sodium carbonate (1 N) was 
added. Tubes were shaken for 1 minute again lefting for 2 hours 
to react. Absorbance readings were taken in a spectrophotometer 
at a wavelength of 725 nm, after it was zeroed with the methanol, 
using glass cuvettes. When the absorbance was higher than 0.6, 
samples were diluted and readings repeated. The concentration 
of total phenolics was estimated from a standard curve developed 
for chlorogenic acid. Results were expressed as mg chlorogenic 
acid equivalent/100 g sample.

2.3 Quantification of carotenoids

Carotenoids were quantified by the methodology adapted from 
Talcott & Howard (1999), with some modifications. In the absence 
of direct light, two grams of fruit samples were homogenized in 
Ultra-Turrax® device with 20 mL of acetone/ethanol solution 
(1:1) containing 200 mg/L of BHT (butylhydroxytoluene). 
After filtration, 50 mL of hexane was added to the sample. After 
stirring and visual separation of the phases in the test tube, due 
to the addition of hexane, only the supernatant was removed for 
reading, and 25 mL of ultrapure water was added. Absorbance 
readings were taken in a spectrophotometer at a wavelength of 
470 nm, after it was zeroed with hexane solvent blank, using 
glass cuvettes. Concentration of carotenoids was estimated 
from a standard curve developed for β-carotene and results 
were expressed as mg of β-carotene equivalent/100 g sample.

2.4 Quantification of anthocyanins

In order to perform analysis of total anthocyanins, we used 
the methodology used was proposed by Fuleki & Francis (1968), 
with adaptations. A 5 g sample and 15 mL of acidified ethanol 
(85:15 ratio) were added in a Falcon® tube and the sample was 
homogenized in an in Ultra-Turrax® device at maximum speed 
until reaching uniform consistency. The extract was centrifuged for 
20 minutes at 4000 RPM at 0 °C. After partitioning with hexane to 
separate and remove carotenoids, the lower part was removed for 
anthocyanins reading. The extract was stored in an environment 
protected from light incidence for 30 minutes. After 30 minutes, the 
spectrophotometer was zeroed with acidified ethanol. The absorbance 
was read in a quartz cuvette at 535nm. When the absorbance was 
higher than 0.7, the samples were diluted and readings repeated. 
The results were expressed in mg cyanidin 3-glucoside/100 g of 
sample. A standard curve for cyanidin-3-glucoside was generated.

2.5 Quantification of antioxidant activity

The antioxidant potential was determined using the 
2,2-diphenyl-1-picrylhydrazyl radical-scavenging (DPPH) 

Table 1. Capsicum chinense accessions from the Capsicum Genebank of 
Embrapa Temperate Agriculture, characterized for bioactive compounds.

Accessions Common name Origin Color of the 
ripe fruit

P195 Pimenta-de-
cheiro amarela

Belém, PA Yellow

P201 Pimenta Rio de Janeiro, 
RJ

Orange

P240 Pimenta Porto Seguro, 
BA

Red

P341 Pimenta Tubarão, SC Orange
P346 Pimenta Londrina, PR Red
P348 Pimenta Londrina, PR Red
P350 Pimenta Londrina, PR Orange
P356 Pimenta 

habanero
Pelotas, RS Orange

P366 Pimenta Olinda – PE Yellow
P367 Pimenta Olinda – PE Red
P381 Pimenta Teresina, PI Red
P382 Pimenta Teresina, PI Red
P385 Pimenta Teresina, PI Red
P386 Pimenta Teresina, PI Orange
P387 Pimenta Teresina, PI Red
P391 Pimenta Pelotas, RS Orange
P399 Pimenta Florianópolis, 

SC
Red

P407 Pimenta Lagoa dos Três 
Cantos, RS

Yellow

P420 Pimenta 
cheirosa do Pará

Pelotas, RS Red

Information derived from Capsicum Genebank passport data.
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method (Brand-Williams et al., 1995). One hundred microliters 
of the methanolic extract of the fruits (the same extract used 
in the determination of phenolic compounds) were added to 
3.9 mL of DPPH solution in methanol (100 mM). The solution 
was then shaken and maintained in a closed flask in the dark. 
The absorbance was measured at 517 nm after 24 h of reaction. 
The antioxidant potential was expressed as micrograms of 
Trolox® equivalent/mg -1 in fresh weight (µg Trolox®/mg -1 in 
fresh weight).

2.6 Statistical analysis

The data were submitted to analysis of variance (ANOVA p 
≤ 0.05). When significant, the means were compared by Scott-
Knott test, in addition, Pearson correlation was performed, all 
usingthe Genes Computational Package (Cruz, 2016). Histograms 
were generated using Microsoft Office Excel®.

3 Results and discussion
Variation was observed in the results for total concentrations 

of phenolic compounds (Figure  1), carotenoids (Figure  2), 

anthocyanins (Figure 3), and antioxidant activity (Figure 4), 
in the 19 evaluated C. chinense accessions, which highlights 
the presence of genetic variability among accessions from the 
Capsicum Genebank.

Concentration of phenolic compounds ranged from 113.115 mg 
of chlorogenic acid equivalent/100g fresh mass (P420) to 233.58 mg 
of chlorogenic acid equivalent/100 g fresh mass, in accession 
P391, which stood out with the highest quantity of phenolic 
compounds (Figure 1). Phenolic compounds entail health benefits 
due to their ability to scavenge in vitro and in vivo free radicals in 
biological systems (Hernández-Pérez et al. 2020). Acunha et al. 
(2017), when evaluating 51 C. annuum, C. baccatum, C. chinense 
and C. frutescens accessions from the Capsicum Genebank of 
Embrapa Temperate Agriculture for total phenolic content, total 
carotenoid content and antioxidant potential, found a range for 
phenolic compounds from 54.4 to 243.47 mg of GAE 100 g-1. 
The genotypes with the highest and lowest phenolic compound 
contents among them were C. baccatum accessions, and the overall 
average phenolic compound content among all accessions tested 
by Acunha et al. (2017) was 122.08 mg GAE 100 g-1. Regarding 
the indices of phenolic compounds in C. chinense, Acunha et al. 

Figure 1. Total phenolic content expressed as mg chlorogenic acid/100g 
fresh weight of 19 Capsicum chinense accessions from the Capsicum 
Genebank of Embrapa Temperate Agriculture. Different lowercase 
letters in the histogram bars indicate statistical difference by Scott-
Knott test (P < 0.05).

Figure 2. Total carotenoid content expressed in mg β-carotene 
equivalent/100g fresh weight of 19 Capsicum chinense accessions 
belonging to the Capsicum Genebank of Embrapa Temperate Agriculture. 
Different lowercase letters in the histogram bars indicate statistical 
difference by Scott-Knott test (P < 0.05).

Figure 3. Total anthocyanin content expressed as mg cyanidin-3-glucoside 
equivalent/100g fresh weight of 19 Capsicum chinense accessions from 
the Capsicum Genebank of Embrapa Temperate Agriculture. Different 
lowercase letters in the histogram bars indicate statistical difference by 
Scott-Knott test (P < 0.05).

Figure 4. Antioxidant activity expressed in μg Trolox® equivalent/g 
in fresh weight of 19 Capsicum chinense accessions belonging to the 
Capsicum Genebank of Embrapa Temperate Agriculture. Different 
lower case letters in the histogram bars indicate statistical difference 
by Scott-Knott test (P < 0.05).
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(2017) found 144.39 ± 30.61 mg GAE 100 g-1, higher than the 
average found among all species studied by them; however, it 
is still numerically lower than that found in the current work. 
It is important to consider that there is a wide genetic variability 
for many characters in the domesticated species of Capsicum 
(Neitzke  et  al., 2015). Such variability is shown by the data 
obtained in this work in comparison with those cited above. 
The knowledge about the variability of the population allows the 
selection of superior genotypes and, consequently, the increase of 
allele frequency favorable for selection (Gonçalves et al., 2008).

Carotenoids are bioactive compounds broadly found in 
plants. They are responsible for the coloring of Capsicum spp. 
(Sá Mendes & Branco de Andrade Gonçalves, 2020). These 
colors can range in different shades of orange, yellow and red. 
These compounds play an important role in nutrition and 
health, because they have antioxidant and anticarcinogenic 
activities and act as precursors of other essential compounds, 
such as vitamin A and retinoic acid (Antonio  et  al., 2018). 
In this work, the highest values (180.33 mg of β-carotene 100 g-1; 
188.97 mg of β-carotene 100 g-1 and 195 mg of β-carotene 
100 g-1) were found, respectively, in accessions P399, P348 and 
P240 (Figure 2), all of them producing red fruits. According to 
Meléndez-Martínez et al. (2004), capsanthin and capsorubin are 
carotenoids found almost exclusively in fruits of the Capsicum 
genus, being the main pigments that give color to red peppers. 
Fratianni et al. (2020), when analyzing seven types of yellow and 
red bell peppers (Capsicum annuum), found that the carotenoid 
content ranged from 0.255 mg/100 g to 0.579 mg/100 g of fresh 
product in the yellow varieties, while the red varieties always 
showed a higher β-carotene content than the yellow varieties, 
with values ranging from 0.396 mg/100g to 0.705 mg/100 g of 
fresh product. Despite presenting numerically lower values, 
these data corroborate with those analyzed in this work and 
with that cited by Meléndez-Martínez et al. (2004). According 
to Blind et al. (2018), variability is an essential condition for the 
establishment of any breeding program; however, the efficiency 
of the selection of superior genotypes will depend on genetic 
and environmental parameters related to the characteristics of 
interest.

When evaluating 14 Capsicum annuum accessions from the 
Capsicum Genebank of Embrapa Temperate Agriculture, Padilha et al. 
(2015) found that accessions P39 and P143 presented carotenoid 
values equal to 134.83 and 147.72 mg/100 g, respectively. In turn, 
Neitzke et al. (2015), when evaluating 24 Capsicum baccatum 
accessions also from the same Capsicum Genebank, highlighted 
accession P179, a sweet pepper that presented the highest 
content of total carotenoids (152.06 mg/100 g), indicateding it 
for breeding programs for in natura consumption. Comparing 
to values reported by Padilha et al. (2015) and by Neitzke et al. 
(2015), we have found higher content of total carotenoids in the 
current study. Thus, according to the presented data, C. chinense 
seems to be the most carotenoid-rich pepper species.

Regarding anthocyanins, accession P240 stood out 
with 33.69 mg of cyanidin 3-glucoside 100 g -1 (Figure  3). 
Neitzke et al. (2015) and Padilha et al. (2015) found low contents 
of total anthocyanins (12.37 mg/100 g) in C. baccatum and 
(4.92 mg /100 g) in C. annuum, respectively. On the other 

hand, Vasconcelos et al. (2012), when analyzing 18 landraces 
of C. baccatum, found higher values of total anthocyanins in 
5 accessions (10.49 mg/100 g; 10.52 mg/100 g; 11.38 mg/100 g; 
11.41 mg/100 g and 13.30 mg/100 g), which did not differ 
statistically among themselves. These accessions had elongated and 
red fruits when ripe. All the previously mentioned studies differ 
from the value found for the anthocyanin content in C. chinense. 
Thus, it demonstrates the great intraspecific genetic variability 
with respect to bioactive compounds and also the potential of 
this accession for use in breeding programs.

In addition, it should be underlined that carotenoids and 
anthocyanins are responsible for the red color, a characteristic 
found in many fruits of Capsicum species. Accession P240 has 
red fruits, as mentioned above, and can therefore be used for the 
purpose of enhancing food products and, consequently, play an 
important role in food quality, due to the strong influence on 
color and flavor properties (Sá Mendes & Branco de Andrade 
Gonçalves, 2020). Accession P240 can be indicated for obtaining 
varieties with high content of total carotenoids and anthocyanins 
in breeding programs.

Considering that pepper is a very popular condiment in 
Brazilian cuisine, it is important to make a comparison with other 
condiments, regarding their antioxidant potential. In the current 
work, the antioxidant activity (Figure 4) the accessions P386, 
P391, P366, P350, P346 and P399 had the highest reference values, 
which did not differ statistically and presented values ranging 
from 458 μg of Trolox® equivalent/g in fresh mass to 577 µg of 
Trolox® equivalent/g in fresh mass. In turn Yang et al. (2020), 
reported that ginger (220 ± 10 μg of ascorbic acid equivalent/g) 
shows higher antioxidant capacity than garlic (130 ± 10 μg 
ascorbic acid equivalent/g) and onion (140 ± 10 μg ascorbic 
acid equivalent/g) (p < 0.05). This comparison demonstrates 
that peppers have significantly higher antioxidant potential 
values than these other spices used in cuisine.

Rosário et al. (2021), when investigating antioxidant activity 
in C. annuum and C. chinense, found that C. annuum (180 μg 
of Trolox® equivalent/g) had close antioxidant activity values 
to C. chinense (178.80 μg of Trolox® equivalent /g). In turn, 
Menichini  et  al. (2009), investigating C. chinense, habanero 
peppers, found a value of 287 μg of Trolox® equivalent /g in ripe 
peppers. These values were lower than those obtained in this 
study; however, highlight the C. chinense accessions as having 
high levels of bioactive compounds. Pivovarov  et  al. (2022) 
reported the content of total antioxidants varies greatly between 
varieties and species of Capsicum.

This comparison highlights the importance of these peppers, 
which stand out for their diversified use (Figure 5). They are 
broadly used in the food industry as raw material for dyes, 
flavorings, oleoresins, condiments, sauces and spices, being also 
very valuable in cuisine, pharmacology, dentistry and medicine 
(Pinto et al., 2013).

The correlations among the independent variables were 
analyzed with Pearson correlation coefficient (Table 2). High 
correlations (correlation higher than 0.70) were observed 
between antioxidant activity and total phenolic compounds, 
as well as between total anthocyanins and total carotenoids 
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(Table 2). Low correlations were not observed (correlations from 
0.30 to 0.50) and the other correlations (from 0.00 to 0.30) were 
considered negligible.

The high correlation between antioxidant activity and phenolic 
compounds verified here (R = 0.842) is commonly observed 
in other works (Burin  et  al., 2014). Accession P391 showed 
statistically higher phenolic content and higher antioxidant 
activity. Other compounds can influence the antioxidant activity 
of this accession, such as vitamin C and capsaicinoids (Chávez-
Mendoza et al., 2015). We recommend these additional analyses 
in a next experiment to characterization of genetic variability 
of bioactive compounds in Capsicum chinense. Camargo et al. 
(2017) found a high correlation between the content of total 
phenolic compounds and the antioxidant capacity (0.89) with 
respect to the content of other phytochemicals, agreeing with 
the data of this study. It should be underlined that this strong 
correlation between antioxidant activity and phenolic compounds 
suggests that these compounds are the main responsible for the 

antioxidant capacity of peppers. Nonetheless, it is not only an 
isolated compound, but a synergy of compounds presents in 
peppers that are responsible for their antioxidant properties 
(Carvalho  et  al., 2015). Due their composition of phenolic 
compounds and capsaicin, habanero pepper (C. chinense) is 
considered a good source of bioactive compounds, which give it 
antioxidant capacity and antimicrobial activity against foodborne 
microorganisms (Jattar-Santiago et al., 2022).

The total anthocyanins also presented a strong correlation 
with the total carotenoids (R = 0.833). This correlation can 
be observed earlier in this work, being possible to notice due 
to the high levels of these compounds in the same accession 
(P240). Carvalho et al. (2015), when evaluating eight genotypes 
from the Capsicum Genebank of Embrapa Eastern Amazon 
(another Decentralized Unit of Brazilian Agricultural Research 
Corporation), also found a high content of anthocyanins and 
carotenoids in the accession, IAN 186305 (C. baccatum), which 
presented 58.09 mg/100 g of carotenoids and 18.30 mg/100 g 

Table 2. Pearson correlation coefficients between pairs of evaluated variables of Capsicum chinense accessions from the Capsicum Genebank of 
Embrapa Temperate Agriculture.

Variables Total phenolic compounds Total carotenoids Total anthocyanins Antioxidant activity
Total phenolic compounds 1
Total carotenoids -0.322 1
Total anthocyanins -0.298 0.833** 1
Antioxidant activity 0.842** -0.440 -0.332 1
**It differed significantly at 1% Pearson correlation.

Figure 5. Capsicum chinense fruits evaluated for total phenolic content, total carotenoids, total anthocyanins and antioxidant activity. Accessions 
P391, P240, P348, P399, P399, P386, P366, P350 and P346. Photos: Daniela Priori. 
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of anthocyanins. These values are lower than those found in 
this study with C. chinense accessions, with genotypes rich in 
bioactive compounds and showing the high genetic variability. 
The same did not happen in a study with other solanaceous 
plants, 15 varieties of potatoes (Solanum tuberosum) presenting 
different flesh coloration: white, yellow, red and purple; and two 
varieties of Solanum phureja. Hejtmánková et al. (2013) found 
the correlation of R = 0.33, and report that these varieties have 
a high content of anthocyanins and also contain a considerable 
quantity of total carotenoids, which would explain such a 
correlation that exists, but is nevertheless low.

Accordingly, to the results presented the 19 characterized 
accessions of C. chinense are indicated for use in breeding 
programs that seek the development of varieties with high levels 
of bioactive compounds.

This work showed high content in phenolic compounds, 
carotenoids, anthocyanins and antioxidant activity in some 
accessions of C. chinense. These bioactive compounds could be 
added to human diet as in nature as through food industry, as a 
way to reduce synthetic additives (food colorings, stabilizers and 
antimicrobials). This could be an differential for food industry, 
exploring the available natural variation in Capsicum genetic 
resources to benefit the human health.

4 Conclusion
Capsicum chinense accessions from the Capsicum Genebank 

of Embrapa Temperate Agriculture present genetic variability 
for the concentrations of bioactive compounds.

There is a high correlation between the antioxidant activity 
and the concentration of phenolic compounds, as well as 
between the concentration of anthocyanins and carotenoids in 
Capsicum chinense access.

Accessions P391 (high concentration of phenolic compounds 
and antioxidant activity), P240, P348 and P399 (high concentration 
of total carotenoids), P240 (high concentration of total anthocyanins 
and carotenoids), P386, P391, P366, P350, P346 and P399 (high 
antioxidant activity) are good options for use in breeding programs.

References
Acunha, T. D. S., Crizel, R. L., Tavares, I. B., Barbieri, R. L., Pereira de 

Pereira, C. M., Rombaldi, C. V., & Chaves, F. C. (2017). Bioactive 
compound variability in a Brazilian Capsicum pepper collection. 
Crop Science, 57(3), 1611-1623. http://dx.doi.org/10.2135/
cropsci2016.08.0701.

Alvares Bianchi, P., Renata Almeida da Silva, L., André da Silva Alencar, 
A., Henrique Araújo Diniz Santos, P., Pimenta, S., Pombo Sudré, C., 
Erpen-Dalla Corte, L., Simões Azeredo Gonçalves, L., & Rodrigues, 
R. (2020). Biomorphological Characterization of Brazilian Capsicum 
chinense Jacq. Germplasm. Agronomy (Basel), 10(3), 447. http://
dx.doi.org/10.3390/agronomy10030447.

Antonio, A. S., Wiedemann, L. S. M., & Veiga Junior, V. F., (2018). The 
genus Capsicum: a phytochemical review of bioactive secondary 
metabolites. RSC Advances, 8(45), 25767-25784. http://dx.doi.
org/10.1039/C8RA02067A. PMid:35539808.

Antonious, G. F., 2018. Capsaicinoids and vitamins in hot pepper and 
their role in disease therapy. In G. Mozsik (Ed.), Capsaicin and its 

human therapeutic development. London: IntechOpen. http://dx.doi.
org/10.5772/intechopen.78243. 

Blind, A. D., Valente, M. S. F., Lopes, M. T. G., & Resende, M. D. V. 
(2018). Estimativa de parâmetros genéticos, análise de trilha e seleção 
em bucha vegetal para caracteres agronômicos. Agrária, 13(2), 1-8. 
http://dx.doi.org/10.5039/agraria.v13i2a5522.

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a 
free radical method to evaluate antioxidant activity. Lebensmittel-
Wissenschaft + Technologie, 28(1), 25-30.  http://dx.doi.org/10.1016/
S0023-6438(95)80008-5.

Burin, V. M., Ferreira-Lima, N. E., Panceri, C. P., & Bordignon-Luiz, 
M. T. (2014). Bioactive compounds and antioxidant activity of 
Vitis vinifera and Vitis labrusca grapes: evaluation of different 
extraction methods. Microchemical Journal, 114, 155-163. http://
dx.doi.org/10.1016/j.microc.2013.12.014.

Cabral, N. O., Oliveira, R. F., Henry, F. C., Oliveira, D. B., Santos Junior, 
A. C., Maia Junior, J. A., & Martins, M. L. L. (2021). Effect of the 
fruit aqueous extract of balloon pepper (Capsicum baccatum var. 
Pendulum) on lipid oxidation, microbiological quality and consumer 
acceptance of fresh pork sausage and smoked. Food Science and 
Technology, 42, e09221. https://doi.org/10.1590/fst.09221.

Camargo, T. M., dos Santos Pereira, E., de Oliveira Raphaelli, C., Ribeiro, 
J. Á., Araújo, V.F., & Vizzotto, M., 2017. Antioxidant potential 
correlated with total phenols and anthocyanins of small fruit cultivars. 
Journal of the Journal of Graduate Studies and Research, 2239-2251.

Carvalho, A. V., de Andrade Mattietto, R., de Oliveira Rios, A., de 
Almeida Maciel, R., Moresco, K. S., & de Souza Oliveira, T. C. 
(2015). Bioactive compounds and antioxidant activity of pepper 
(Capsicum sp.) genotypes. Journal of Food Science and Technology, 
52(11), 7457-7464. http://dx.doi.org/10.1007/s13197-015-1833-0.

Chávez-Mendoza, C., Sanchez, E., Muñoz-Marquez, E., Sida-Arreola, 
J. P., & Flores-Cordova, M. A., 2015. Bioactive compounds and 
antioxidant activity in different grafted varieties of bell pepper. 
Antioxidants, 4(2), 427-446. http://dx.doi.org/10.3390/antiox4020427.

Cruz, C. D. (2016). Genes Software – extended and integrated with 
the R, Matlab and Selegen. Acta Scientiarum, 38(4), 547-552. http://
dx.doi.org/10.4025/actasciagron.v38i3.32629.

Franco, D., González, L., Bispo, E., Latorre, A., Moreno, T., Sineiro, J., 
Sánchez, M., & Núñez, M. J. (2012). Effects of calf diet, antioxidants, 
packaging type and storage time on beef steak storage. Meat Science, 
90(4), 871-880.

Fratianni, F., D’Acierno, A., Cozzolino, A., Spigno, P., Riccardi, R., Raimo, 
F., Catello, P., & Zaccardelli, M. (2020). Biochemical characterization 
of traditional varieties of sweet pepper (Capsicum annuum L.) of the 
Campania Region, Southern Italy. Antioxidants, 9(6), 556. http://
dx.doi.org/10.3390/antiox9060556. PMid:32604812.

Fuleki, T., & Francis, F. J. (1968). Quantitative methods for 
anthocyanins. 1. Extraction and determination of total anthocyanin 
in cranberries. Journal of Food Science, 33(17), 72-77. http://dx.doi.
org/10.1111/j.1365-2621.1968.tb03658.x.

Gonçalves, L. S., Rodrigues, R., Amaral Junior, A. T., Karasawa, M., & 
Sudré, C. P. (2008). Comparison of multivariate statistical algorithms 
to cluster tomato heirloom accessions. Genetics and Molecular 
Research, 7(4), 1289-1297. http://dx.doi.org/10.4238/vol7-4gmr526.

Hejtmánková, K., Kotíková, Z., Hamouz, K., Pivec, V., Vacek, J., & 
Lachman, J. (2013). Influence of flesh colour, year and growing area 
on carotenoid and anthocyanin content in potato tubers. Journal 
of Food Composition and Analysis, 32(1), 20-27. http://dx.doi.
org/10.1016/j.jfca.2013.07.001.

https://doi.org/10.2135/cropsci2016.08.0701
https://doi.org/10.2135/cropsci2016.08.0701
https://doi.org/10.3390/agronomy10030447
https://doi.org/10.3390/agronomy10030447
https://doi.org/10.1039/C8RA02067A
https://doi.org/10.1039/C8RA02067A
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35539808&dopt=Abstract
https://www.intechopen.com/profiles/58390
https://doi.org/10.5772/intechopen.78243
https://doi.org/10.5772/intechopen.78243
https://doi.org/10.5039/agraria.v13i2a5522
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/j.microc.2013.12.014
https://doi.org/10.1016/j.microc.2013.12.014
https://doi.org/10.1007/s13197-015-1833-0
https://doi.org/10.4025/actasciagron.v38i3.32629
https://doi.org/10.4025/actasciagron.v38i3.32629
https://doi.org/10.3390/antiox9060556
https://doi.org/10.3390/antiox9060556
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32604812&dopt=Abstract
https://doi.org/10.1111/j.1365-2621.1968.tb03658.x
https://doi.org/10.1111/j.1365-2621.1968.tb03658.x
https://doi.org/10.1016/j.jfca.2013.07.001
https://doi.org/10.1016/j.jfca.2013.07.001


Cruz, J. G. et al.

Food Sci. Technol, Campinas, 42, e123721, 2022 7

Hernández‐Pérez, T., Gómez-García, M. D. R., Valverde, M. E., & 
Paredes-López, O. (2020). Capsicum annuum (hot pepper): an 
ancient Latin‐American crop with outstanding bioactive compounds 
and nutraceutical potential. A review. Comprehensive Reviews 
in Food Science and Food Safety, 19(6), 2972-2993. http://dx.doi.
org/10.1111/1541-4337.12634. PMid:33337034.

Jattar-Santiago, K. Y., Ramírez‐López, C., Hernández‐Carranza, P., 
Avila‐Sosa, R., Ruiz‐López, I. I., Ochoa‐Velasco, C. E. (2022). Effect of 
extraction conditions on the antioxidant compounds from habanero 
pepper (Capsicum chinense) and its potential use as antimicrobial. 
Journal of Food Processing and Preservation, 46(4), e16427. https://
doi.org/10.1111/jfpp.16427.

Lu, M., Ho, C. T., & Huang, Q. (2017). Extraction, bioavailability, and 
bioefficacy of capsaicinoids. Journal of Food and Drug Analysis, 
25(1), 27-36. PMid:28911540.

Meléndez-Martínez, A. J., Vicario, I. M., & Heredia, F. J. (2004). Nutritional 
importance of carotenoid pigments. Archivos Latinoamericanos de 
Nutricion, 54(2), 149-155. PMid:15586682.

Mendes, N. S., & Gonçalves, É. C. B. A. (2020). The role of bioactive 
components found in peppers. Trends in Food Science & Technology, 
99, 229-243. http://dx.doi.org/10.1016/j.tifs.2020.02.032.

Menichini, F., Tundis, R., Bonesi, M., Loizzo, M., Conforti, F., Statti, G., 
Decindio, B., Houghton, P., & Menichini, F. (2009). The influence of 
fruit ripening on the phytochemical content and biological activity 
of Capsicum chinense Jacq. cv Habanero. Food Chemistry, 114(2), 
553-560. http://dx.doi.org/10.1016/j.foodchem.2008.09.086.

Neitzke, R. S., Vasconcelos, C. S., Barbieri, R. L., Vizzotto, M., Fetter, 
M. R., & Corbelini, D. D. (2015). Genetic variability for antioxidant 
compounds in landraces of peppers (Capsicum baccatum). Horticultura 
Brasileira, 33, 415-421.

Padilha, H. K. M., Pereira, E. S., Munhoz, P. C., Vizzotto, M., Valgas, 
R. A., & Barbieri, R. L. (2015). Genetic variability for synthesis 
of bioactive compounds in peppers (Capsicum annuum) from 
Brazil. Food Science and Technology, 35(3), 516-523. http://dx.doi.
org/10.1590/1678-457X.6740.

Pickersgill, B. (1997). Genetic resources and breeding of Capsicum spp. 
Euphytica, 96(1), 129-133. http://dx.doi.org/10.1023/A:1002913228101.

Pinto, C. M. F., Pinto, C. L. O., & Donzeles, S. M., 2013. Capsicum 
pepper: chemical, nutritional, pharmacological and medicinal 
properties and its potential for agribusiness. Brazilian Journal of 
Sustainable Agriculture (RBAS), 3, 108-120.

Pivovarov, V. F., Soldatenko, A. V., & Pishnaya, O. N. (2022). Vegetable 
crop breeding for increased antioxidant content is a promising 
direction for healthy food production. IOP Conference Series: Earth 
and Environmental Science, 953(1), 012025.

Radha Krishnan, K., Babuskin, S., Babu, P. A. S., Sasikala, M., Sabina, 
K., Archana, G., Sivarajan, M., & Sukumar, M. (2014). Antimicrobial 
and antioxidant effects of spice extracts on the shelf life extension 
of raw chicken meat. International Journal of Food Microbiology, 
171, 32-40.

Rezazadeh, A., Hamishehkar, H., Ehsani, A., Ghasempour, Z., & 
Moghaddas Kia, E. (2021). Applications of capsaicin in food industry: 
functionality, utilization and stabilization. Critical Reviews in Food 
Science and Nutrition, 1-17. http://dx.doi.org/10.1080/10408398.2
021.1997904. PMid:34751073.

Rosário, V. N. M., Chaves, R. P. F., Pires, I. V., Santos Filho, A. F., & Toro, 
M. J. U. (2021). Capsicum annuum and Capsicum chinense: physical, 
physicochemical and bioactive characteristics and antioxidant activity. 
Brazilian Journal of Development, 7, 50414-50432.

Salehi, B., Hernández-Álvarez, A. J., Del Mar Contreras, M., Martorell, 
M., Ramírez-Alarcón, K., Melgar-Lalanne, G., Matthews, K. R., Sharifi-
Rad, M., Setzeri, W. M., Nadeemj, M., Yousafk, Z., & Sharifi-Rad, J., 
2018. Potential phytopharmacy and food applications of Capsicum 
spp.: a comprehensive review. Natural Product Communications, 
13(11). https://doi.org/10.1177/1934578X1801301133.

Sarpras, M, Chhapekar, S. S., Ahmad, I., Abraham, S. K., & Ramchiary, 
N., 2018. Analysis of bioactive components in Ghost chili (Capsicum 
chinense) for antioxidant, genotoxic, and apoptotic effects in mice. 
Drug and Chemical Toxicology, 43(2), 182-191. http://dx.doi.
org/10.1080/01480545.2018. PMid:30033771.

Sharma, J., Sharma, P., Sharma, B., & Chaudhary, P. (2017). In-vitro 
estimation of antioxidant activity in green chili (Capsicum Annuum) 
and Yellow Lantern Chilli (Capsicum chinense). International Journal 
of Research and Review, 4, 6.

Sherova, G., Pavlov, A., & Georgiev, V. (2019). Polyphenols profiles and 
antioxidant activities of extracts from Capsicum chinense in vitro 
plants and callus cultures. Food Science and Applied Biotechnology, 
2(1), 30-37. http://dx.doi.org/10.30721/fsab2019.v2.i1.56.

Swain, T., & Hillis, W. E. (1959). The phenolic constituents of Prunus 
domestica. I.—The quantitative analysis of phenolic constituents. 
Journal of the Science of Food and Agriculture, 10(1), 63-68. http://
dx.doi.org/10.1002/jsfa.2740100110.

Talcott, S. T., & Howard, L. R. (1999). Phenolic autoxidation is responsible 
for color degradation in processed carrot puree. Journal of Agricultural 
and Food Chemistry, 47(5), 2109-2115. http://dx.doi.org/10.1021/
jf981134n. PMid:10552504.

Thuphairo, K., Sornchan, P., & Suttisansanee, U. (2019). Bioactive 
compounds, antioxidant activity and inhibition of key enzymes 
relevant to Alzheimer’s disease from sweet pepper (Capsicum 
annuum) extracts. Preventive Nutrition and Food Science, 24(3), 327-
337. http://dx.doi.org/10.3746/pnf.2019.24.3.327. PMid:31608259.

Vasconcelos, C., Barbieri, R., Vizzotto, M., Bialves, T., Padilha, H., 
Barboza, L., & Fonseca, M., 2012. Total anthocyanins content in 
local pepper varieties (Capsicum baccatum). In Embrapa Clima 
Temperado. Proceedings of the 2nd Brazilian Congress of Genetic 
Resources. Brasília, DF: Brazilian Society of Genetic Resources.

Yang, D., Dunshea, F. R., & Suleria, H. A. R. (2020). LC‐ESI‐QTOF/MS 
characterization of Australian herb and spices (garlic, ginger, and 
onion) and potential antioxidant activity. Journal of Food Processing 
and Preservation, 44(7), 14497. http://dx.doi.org/10.1111/jfpp.14497.

https://doi.org/10.1111/1541-4337.12634
https://doi.org/10.1111/1541-4337.12634
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33337034&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28911540&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15586682&dopt=Abstract
https://doi.org/10.1016/j.tifs.2020.02.032
https://doi.org/10.1016/j.foodchem.2008.09.086
https://doi.org/10.1590/1678-457X.6740
https://doi.org/10.1590/1678-457X.6740
https://doi.org/10.1023/A:1002913228101
https://doi.org/10.1080/10408398.2021.1997904
https://doi.org/10.1080/10408398.2021.1997904
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34751073&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30033771&dopt=Abstract
https://doi.org/10.30721/fsab2019.v2.i1.56
https://doi.org/10.1002/jsfa.2740100110
https://doi.org/10.1002/jsfa.2740100110
https://doi.org/10.1021/jf981134n
https://doi.org/10.1021/jf981134n
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10552504&dopt=Abstract
https://doi.org/10.3746/pnf.2019.24.3.327
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31608259&dopt=Abstract
https://doi.org/10.1111/jfpp.14497

