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ABSTRACT

Background. Economically important vegetables are a strong source of antioxidants with different charac-
teristics. Capsicum L. (pepper) is an important agricultural plant because of its economical, medicinal, and 
nutritional values.
Materials and methods. This study aimed to test antioxidant parameters in the fruits of 9 cultivars of Cap-
sicum annuum L. (CA 01-09), 7 cultivars of C. baccatum L. (CB 01-07), and 11 cultivars of C. chinense Jacq. 
(CC 01-11). The antioxidant activity of the investigated Capsicum cultivars was measured, along with the free 
radical scavenging activity (FRSA), using the DPPH method, and the molybdenum reducing power (MRP) 
was expressed as mg TE (Trolox equivalent) per g of DW (dry weight). Total polyphenol content (TPC), 
expressed as mg GAE (gallic acid equivalent) per g of DW, total flavonoid content (TFC), expressed as mg 
QE (quercetin equivalent) per g of DW, and total phenolic acid content (TPAC), expressed as mg CAE (caf-
feic acid equivalent) per g of DW, were the basic antioxidant parameters of antioxidant activity in this study.
Results. All investigated Capsicum extracts exhibited FRSA from 1.45 (CC-06) to 8.21 (CC-05) mg TE/g 
and MRP from 24.84 (CA-06) to 198.21 (CB-07) mg TE/g. The TPC of the tested extracts ranged from 10.13 
(CB-03) to 38.68 (CB-07) mg GAE/g. The TFC of the studied samples showed values from 5.73 (CB-03) to 
27.32 (CB-07) mg QE/g and TPAC from 2.24 (CB-03) to 13.07 (CC-07) mg CAE/g. A very strong correlation 
was found in the investigated cultivars between TPC and TPAC (r = 0.932, 0.839 and 0.848, respectively), 
and between TPC and TFC (r = 0.921, 0.982 and 0.939, respectively). Very strong relations were also found 
between TPC and FRSA (r = 0.820) in the C. annuum cultivars and between TPC and MRP (r = 0.898) in the 
C. baccatum cultivars.
Conclusion. This study found useful results concerning the antioxidant potential of the fruits of Capsicum 
cultivars. The data obtained demonstrate the strong antioxidant activity of cultivars of Capsicum, which can 
be used in the food industry because of the commercial importance of these fruits.
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INTRODUCTION

Capsicum L. (pepper) is an important agricultural plant 
because of its economical, medicinal, and nutritional 
values. These plants have been used for centuries as 
a colourant, flavourant, and pungency source, and can 
be used fermented as well as fresh and dried (Nadeem 
et al., 2011). Capsicum annuum L. has a beneficial ef-
fect on metabolic processes in the human organism 
and can decrease the risk of cardiovascular diseases 
(Sanati et al., 2018). The fruit of Capsicum spp. are 
a functional food that can be used in the prevention 
of diabetes mellitus and obesity (Tundis et al., 2011).

The fruit of green, red and yellow pepper (Capsi-
cum L.) contain numerous biologically active compounds 
such as carotenoids, phenols, ß-carotene (Antonious et 
al., 2009), alkaloids, and vitamins (vitamin A, C, E) (Ba-
tra et al., 2017), which possess an antioxidant capacity. 
Perucka and Materska (2007) determined the content 
of ascorbic acid to be from 101.19 to 167.54 mg per 
100 g and ß-carotene to be from 0.058  to 0.460  mg 
per 100 g of fresh weight (FW). In a study by Medi-
na-Juárez et al. (2012), the ascorbic acid content was 
121.14–251.60 mg per 100 g FW. This parameter, as 
reported by Kantar et al. (2016), in 90 analyzed spe-
cies of peppers ranged from 11.9 to 195.8 mg per 100 g. 
Aliu et al. (2017) identified the vitamin C content to 
be from 65.54 to 520.51 mg per 100 g of fresh weight.

Among carotenoids, the fruit of Capsicum spp. 
have xanthophylls, violaxanthin, neoxanthin, and lu-
tein, etc. (Minguez-Mosquera and Hornero-Mendez, 
1994; Rodríguez-Burruezo et al., 2010). In yellow- 
-orange chili peppers (Capsicum annuum), violaxan-
thin is the major carotenoid (37–68%), followed by 
antheraxanthin, and lutein (5–14%), while in red Cap-
sicum annuum, it is ketoxanthophylls, followed by 
xanthophylls, epoxyxanthophylls, and hydrocarbons 
(Gomez-García and Ochoa-Alejo, 2013). Also, the ca-
rotenoids of C. annuum exhibit antioxidant and anti-
inflammatory effects (Hernández-Ortega et al., 2012).

A study of mineral composition showed that unripe 
cultivars accumulated more phosphorus, potassium, 
calcium, and fully ripe cultivars accumulated more 
magnesium and iron (Ribes-Moya et al., 2014).

Hot sensory tests of these plants are caused by the 
presence of capsaicinoids, which is the major group 
of organic compounds (alkaloids) that are used in the 

pharmaceutical industry due to their neurological ef-
fects. The major capsaicinoids, capsaicin and dihy-
drocapsaicin, are responsible for the pungency of this 
species (Antonious et al., 2009). The highest content of 
capsaicinoids accumulates in the pericarp (65–85%), 
as investigated by Guillen et al. (2018). Wesołowska 
et al. (2011) investigated the biochemical composition 
of acetone extracts and determined capsaicin content 
in two cultivars of C. annuum to be 37.22 and 40.85%.

A study of the content of different compounds such 
as phenols, flavonoids, and capsaicinoids, etc. showed 
that fresh peppers contain a higher content of them 
than processed ones (Loizzo et al., 2015). A study of 
extracts of Capsicum fruits and seeds exhibited an-
tioxidant, hypoglycaemic (Tundis et al., 2011), and 
anti-inflammatory properties (Zimmer et al., 2012). 
Both extracts of C. annuum and C. frutescens were 
identified to be effective against Vibrio cholerae, Sta-
phylococcus aureus, and Salmonella typhimurium, etc. 
(Koffi-Nevry et al., 2012).

The objective of this study was to evaluate the 
antioxidant activity, as well as the total polyphenol, 
flavonoid, and phenolic acid contents in cultivars of 
an experimental collection of Capsicum species.

MATERIALS AND METHODS

Biological materials
Fruits of cultivars of Capsicum annuum L. (Black Co-
bra, Kilian, Pepperoncini Greek, Tabasco, Jalapeno, 
Black Prince, Chocho, Medusa, Habanero Red, marked 
as CA-01 – CA-09, respectively), C. baccatum L. (Es-
cabeche, Bishops Crown Red, Aji Fantasy Sparkly 
White, Aji Amarillo, Puerto Rican, El Oro de Ecuador, 
Habanero Red Savina, marked as CB-01 – CB-07, re-
spectively), and C. chinense Jacq. (Aji Charapita, Ha-
banero Peach, Trinidad Scorpion Peach, Jolokia White, 
Fidalgo Roxa, Habanero Chocolate, Fatalii Red, Peter 
Orange, Red Mushroom, Citron, Pimenta de Neyde, 
marked as CC-01 – CC-11, respectively) were used in 
this study (Fig. 1, 2 and 3). All 27 cultivars of Capsi-
cum that were the subject of the study were grown in 
greenhouse conditions in the botanical garden located 
on the grounds of the Slovak University of Agriculture 
in Nitra (Mňahončáková et al., 2020). The investigated 
fruits were oven dried at 55°C for 30 h and milled to 
a powder (Kim et al., 2019).
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Fig. 1. Cultivars of Capsicum annuum L.: 1 – Black Cobra, 2 – 
Kilian, 3 – Pepperoncini Greek, 4 – Tabasco, 5 – Jalapeno, 6 – 
Black Prince, 7 – Chocho, 8 – Medusa, 9 – Habanero Red

Fig. 2. Cultivars of Capsicum baccatum L.: 1 – Escabeche, 2 – Bishops 
Crown Red, 3 – Aji Fantasy Sparkly White, 4 – Aji Amarillo, 5 – Puerto 
Rican, 6 – El Oro de Ecuador, 7 – Habanero Red Savina

Fig. 3. Cultivars of Capsicum chinense Jacq.: 1 – Aji Charapita, 2 – Habanero Peach, 
3 – Trinidad Scorpion Peach, 4 – Jolokia White, 5 – Fidalgo Roxa, 6 – Habanero Chocolate, 
7 – Fatalii Red, 8 – Peter Orange, 9 – Red Mushroom, 10 – Citron, 11 – Pimenta de Neyde
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Chemicals
All chemicals used were of analytical grade and were 
purchased from Sigma-Aldrich (St. Louis, MO, USA) 
and CentralChem (Slovakia).

Preparation of sample extracts
An amount of 0.25 g of each sample was extracted 
with 20 mL of 80% ethanol for 2 h in a laboratory 
shaker GFL 3005 (GFL, Burgwedel, Germany). Then 
the samples were centrifuged at 4605 RCF (Rotofix 32 
A, Hettich, Germany) for 10 min and the supernatant 
was used to measure FRSA (antiradical activity) using 
the DPPH method, MRAP (antioxidant activity) us-
ing the phosphomolybdenum method, and other anti-
oxidant properties (detection of total polyphenol, total 
flavonoid, and phenolic acid content).

Free radical scavenging activity – DPPH method
The free radical scavenging activity (FRSA) of the 
samples (antiradical activity) was measured using 
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sánchéz- 
-Moreno et al., 1998). An amount of 0.4 mL of sam-
ple was mixed with 3.6 mL of DPPH solution (0.025 g 
DPPH in 100 mL ethanol). The absorbance of the reac-
tion mixture was determined with a spectrophotometer 
Jenway (6405 UV/Vis, England) at 515  nm. Trolox 
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 
acid) (10–100 mg/L; R2 = 0.989) was used as the stand-
ard and the results were expressed in mg/g DM Trolox 
equivalents.

Molybdenum reducing power
The molybdenum reducing power (MRP) of the 
samples was determined using the method of Pri-
eto et al. (1999) with slight modifications. A mixture 
of the sample (1 mL), monopotassium phosphate 
(2.8 mL, 0.1 M), sulfuric acid (6 mL, 1 M), ammo-
nium heptamolybdate (0.4 mL, 0.1 M), and distilled 
water (0.8 mL) was incubated at 90°C for 120 min, 
then cooled to room temperature. The absorbance at 
700 nm was detected with a spectrophotometer Jen-
way (6405 UV/Vis, England). Trolox (10–1000 mg/L; 
R2 = 0.998) was used as the standard and the results 
were expressed in mg/g DM Trolox equivalent.

Total polyphenol content
The total polyphenol content (TPC) was measured 
using the method of Singleton and Rossi (1965) us-
ing a Folin-Ciocalteu reagent. A quantity of 0.1 mL of 
each sample was mixed with 0.1 mL of the Folin-Cio-
calteu reagent, 1 mL of 20% (w/v) sodium carbonate, 
and 8.8 mL of distilled water. After 30 min in dark-
ness, the absorbance at 700 nm was measured with 
a spectrophotometer Jenway (6405 UV/Vis, England). 
Gallic acid (25–300 mg/L; R2 = 0.998) was used as the 
standard. The results were expressed in mg/g DW gal-
lic acid equivalent. 

Total flavonoid content
The total flavonoid content (TFC) was determined 
using the modified method described by Shafii et al. 
(2017). An aliquot of 0.5 mL of the sample was mixed 
with 0.1 mL of 10% (w/v) ethanolic solution of alu-
minium chloride, 0.1 mL of 1 M potassium acetate, 
and 4.3 mL of distilled water. After 30 min in dark-
ness, the absorbance at 415 nm was measured using 
a spectrophotometer Jenway (6405 UV/Vis, England). 
Quercetin (1–400 mg/L; R2 = 0.9977) was used as 
the standard. The results were expressed in mg/g DW 
quercetin equivalent.

Total phenolic acid content
The total phenolic acid content (TPAC) was deter-
mined using the method of Farmakopea Polska (1999). 
0.5 mL of the sample was mixed with 0.5 mL of 0.5 M 
hydrochloric acid, 0.5 mL of Arnov’s reagent, 0.5 mL 
of 1 M sodium hydroxide (w/v) and 0.5 mL of water. 
Absorbance at 490 nm was measured using a spectro-
photometer Jenway (6405 UV/Vis, England). Caffeic 
acid (1–200 mg/L, R2 = 0.999) was used as the stand-
ard and the results were expressed in mg/g DW caffeic 
acid equivalents.

Statistical analysis
Basic statistical analyses were performed using PAST 
2.17; the results are expressed as mean values of three 
replications ±standard deviation (SD); hierarchical 
cluster analyses of similarity between phenotypes 
were computed on the basis of the Bray-Curtis similar-
ity index. The data were analysed using the ANOVA 
test and differences between means compared through 
the Tukey-Kramer test (P < 0.05).
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RESULTS AND DISCUSSION

As has been shown in numerous studies, antioxidants 
have become a topic of increasing interest in recent 
times because of their beneficial role in human health 
(Huang et al., 2005). Natural antioxidants that have 
demonstrated positive and useful effects on human 
health and their application are increasing due to 
their multiple roles in decreasing the harmful effects 
of oxidative stress (Mishra et al., 2012). Free radical 
scavenging activity through the DPPH method is one 
of the most popular methods to determine antioxidant 
activity in different plant extracts due to its simple and 
relatively fast procedures (Torre et al., 2019). 

We determined that the FRSA of ethanol extracts of 
cultivars of C. annuum was from 1.66 (CA-05) to 7.27 
(CA-01) mg TE/g DW (Fig. 4). This parameter for C. 
chinense and C. baccatum cultivars was from 1.45 
(CC-06) to 8.21 (CC-05) mg TE/g DW and from 1.51 
(CB-01) to 6.98 (CB-07) mg TE/g DW, respectively. 

Hamed et al. (2019) found that antioxidant activity 
and content of ascorbic acid decreased in C. annuum 
cultivars after roasting. A decrease in the value of an-
tioxidant activity was also observed and determined 
in boiled, roasted, and fried C. annuum (Hwang et al., 
2012).

A measurement of the reductive ability of Mo 
(VI) to transform into Mo (V) in the investigated ex-
tracts was implemented in this study. This is one of 
the assays of antioxidant capacities, along with others, 
through the formation of a phosphomolybdenum com-
plex (Alam et al., 2013).

Ethanol extracts of the C. annuum cultivars ex-
hibited molybdenum reducing powers in the extracts 
from 24.81 (CA-06) to 116.15 (CA-09) mg TE/g DW, 
in C. chinense cultivars from 27.9 (CC-01) to 106.06 
(CC-07) mg TE/g DW and in C. baccatum cultivars 
from 37.23 (CB-04) to 198.21 (CB-07) mg TE/g DW 
(Fig. 5). 

Olatunji and Afolayan (2019) determined the an-
tioxidant capacity of ethanol and aqueous extracts of 
Capsicum annuum using the phosphomolybdenum 
method to be 65.55–77.66%. In this case, it was dif-
ficult to compare the obtained data because of different 
expressions of units. 

Phenolic compounds are secondary metabolites 
which synthesize in the plant tissues as the result of ad-
aptation to different stress conditions and which play 
an important role as useful antioxidants in human life 
(Materska and Perucka, 2005). They demonstrate an-
tioxidant, anti-allergic, anti-inflammatory, anticancer, 
antihypertensive, and antimicrobial activities (Daglia, 
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Fig. 4. Free radical scavenging activity of Capsicum spp. fruits evaluated using the DPPH 
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2012). Polyphenols can potentially prevent numerous 
diseases such as inflammation, cancer, type 2 diabetes 
mellitus, obesity, and cardiovascular and neurodegen-
erative diseases (Cory et al., 2018).

The total content of polyphenol compounds in our 
study was from 18.47 (CA-05) to 36.73 (CA-01) mg 
GAE/g DW in the C. annuum cultivars, from 11.36 
(CC-02) to 35.10 (CC-06) mg GAE/g DW in the C. 
chinense cultivars, and from 10.13 (CB-03) to 38.69 
(CB-07) mg GAE/g DW in the C. baccatum cultivars 
(Fig. 6). 

According to Benbrahim et al. (2019), the mean 
value of TPC for Maleh spicy pepper was determined 
as 73.28 mg GAE/100 g. The maximal value, in this 
case, was 223.5 mg GAE/100 g, which was less than 
in our study. As reported by Bertão et al. (2016), TPC 
in ethanol extracts of C. annuum was 341.78 mg 
GAE/g, of C. baccatum 156.76 mg GAE/g, and of C. 
chinense 107.98 mg GAE/g. Fresh fruits of C. chinen-
se contained 200.17 mg GAE/g of TPC (Sarpras et 
al., 2018). Comparing with this study, our TPC results 
showed lower values but we used dried raw. In another 
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study, TPC of cv. El Dorido was 38.4 mg GAE/100 g  
DW, and of cv. Grande, 3.38 mg GAE/g DW (Far-
houdi et al., 2017). According to Medina-Juárez et 
al. (2012), TPC in extracts of five cultivars was from 
59.34 to 154.30 mg GAE/100 g FW, among which cv. 
Jalapeno had the lowest value. In our study, ethanol 
extracts of cv. Jalapeno showed a result of 18.47 mg 
GAE/g DW and, also, had the lowest value among the 
studied cultivars of C. annuum. As reported by Zim-
mer et al. (2012), TPC in ethanol extracts was 180.08 
mg GAE/g DW. Sim and Sil (2008) determined TPC 
in Capsicum annuum seed and pericarp to be 47.52 
and 29.10 mg GAE/g, respectively. In a study by Sar-
pras et al. (2018), the content of TPC was determined 
to be 200.17 mg GAE/g. As reported by Olatunji and 
Afolayan (2019), TPC in cultivars of C. annuum was 
from 200.70 to 272.47 mg GAE/g in ethanol extracts 
and from 57.36 to 70.11 mg GAE/g DW in water ex-
tracts. Hwang et al. (2012) compared the effects of 
cooking methods on the antioxidant properties of C. 
annuum and determined the total polyphenol content 
in fresh raw material to be 148.66 mg per 100 g. The 
lowest content of polyphenols was identified in boiled 
samples (66.99–95.47 mg per 100 g FW). Loizzo et 
al. (2013) found TPC for C. annuum cultivars to be 
116.7–195.5 mg chlorogenic acid equivalent per g ex-
tract. It should be noted that some review results of 
TPC could be obtained in mg GAE/100 g, evidently, 
due to the lower content of these compounds, whereas, 

in this study, we presented the results as mg GAE/g 
DW. Also, some reviews have represented their results 
from fresh, boiled, or roasted raw materials, which 
complicates any comparison of results.

According to Batra et al. (2017), among the phe-
nolic compounds of C. annuum, flavonoids exhibited 
high antioxidant activity. Also, these compounds ex-
hibited numerous biological activities such as anti-
microbial, anti-inflammatory, analgesic, anti-allergic, 
and cytostatic, etc. (Koffi-Nevry et al., 2012). Fla-
vonoids in the Capsicum species mainly accumulate 
in the peel, among which quercetin and luteolin are 
described as major representatives (41% of total fla-
vonoid content), and their concentration depends on 
ripening and environmental effects (Antonio et al., 
2018).

The total content of flavonoids in the investigated 
ethanol fruit extracts of the C. annuum cultivars was 
from 12.56 (CA-05) to 24.72 (CA-01) mg QE/g DW, 
for the C. chinense cultivars from 8.16 (CC-02) to 
24.31 (CC-06) mg QE/g DW and for the C. bacca-
tum cultivars from 5.73 (CB-03) to 27.32 (CB-07) mg 
QE/g DW (Fig. 7). According to Bertão et al. (2016), 
the content of flavonoids in the fruit extracts of C. an-
nuum was 123.56 mg RE/g, of C. baccatum 98.76 mg 
RE/g, and of C. chinense 67.87 mg GAE/g (RE – rutin 
equivalent). The fresh fruit of C. chinense had 41.61 
mg QE/g of flavonoid content (Sarpras et al., 2018). 
In the study of Farhoudi et al. (2017) this parameter 
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Fig. 7. Total flavonoid content in Capsicum spp. fruits (different superscripts in each col-
umn indicate significant differences in the mean at P <0.05); QE – quercetin equivalent
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was determined to be 9.93 mg CAE/100 g DW in cv. 
Grande, 8.15 mg CAE/100 g DW in cv. El Dorido and 
3.03 mg CAE/100 g DW in cv. Sayula. Medina-Juárez 
et al. (2012) found the content of flavonoids in the fresh 
fruit of five cultivars to be from 25.38 to 60.36 mg 
QE/100 g. According to Loizzo et al. (2013), the total 
content of flavonoids in dried fried Capsicum culti-
vars was 11.5–15.0 mg QE/g, in dried Capsicum fruits 
37.0–44.5 mg QE/g, in fresh Capsicum fruits 46.0–
48.5 mg QE/g. The content of flavonoids in ethanol 
extracts of fruits of C. baccatum, as reported by Zim-
mer et al. (2012), was 34.36 mg QE/g DW. The study 
of Zhuang et al. (2012) tested ethanol extracts of nine 
cultivars of C. annum and C. frutescens and the TPC 
was 1078.20–4992.40 µg GAE per g FW. Alam et al. 
(2018) determined the TPC and TFC of 0.159–0.430 
mg GAE/g and 0.050–0.187 mg QE/g DW, respective-
ly, from the methanol extract of six Capsicum cultivars.

Together with flavonoids, the phenolic acids are 
also an important group of polyphenol compounds in 
human life that are distinguished as derivatives of ben-
zoic acid and derivatives of cinnamic acid. The most 
abundant representative of this class of polyphenols is 
caffeic acid, which is present in most fruits (Manach 
et al., 2004). Among the phenolic acids in Capsicum 
cultivars gallic, caffeic, and chlorogenic acids were 
identified (Medina-Juárez et al., 2012). Zhuang et al. 
(2012) found gallic acid, 3,4-dihydroxybenzoic acid, 

catechin, vanillin, benzoic acid, salicylic acid, and lu-
teolin in nine cultivars. 

Determination of the total phenolic acid content 
showed that in the fruit extracts of C. annuum culti-
vars, TPAC accumulated from 3.34 (CA-08) to 9.47 
(CA-09) mg CAE/g DW, in the C. chinense cultivars 
from 2.68 (CC-02) to 13.74 (CC-07) mg CAE/g DW 
and in the C. baccatum cultivars from 2.24 (CB-03) to 
9.00 (CB-07) mg QE/g DW (Fig. 8). 

The cluster analysis was carried out earlier to study 
the similarity between the biological activity of differ-
ent plant extracts and may be used as a useful tool for 
accession screening (Chaves et al., 2020; Dimitrijević 
et al., 2020; Ivanišová et al., 2017; Klymenko et al., 
2019; Olatunji and Afolayan, 2019). 

Hierarchical cluster analysis was used to evalu-
ate the collected 27 cultivars of Capsicum spp. The 
TPC, TFC, TPAC, and antioxidant activities taken 
from DPPH assay and MRP assay were used as vari-
ables to establish the hierarchical cluster analysis. The 
dendrogram that was generated by the cluster analysis 
showed four well-defined groups (Fig. 9).

The first group consisted of three subgroups, while 
the second group consisted of two subgroups. These 
results show that these samples have similar phenolic 
components and antioxidant activities. Sample CB- 
-07 (C. baccatum cv. Habanero Red Savina) was sin-
gled out as a separate group because it had the highest 

0

2

4

6

8

10

12

14

16

C
AE

, m
g/

g 
D

W

a

b b b
bc

c
dd de dede dedee e e e ee ef efefef f fg g

C
A-

01
C

A-
02

C
A-

03
C

A-
04

C
A-

05
C

A-
06

C
A-

07
C

A-
08

C
A-

09
C

C
-0

1
C

C
-0

2
C

C
-0

3
C

C
-0

4
C

C
-0

5
C

C
-0

6
C

C
-0

7
C

C
-0

8
C

C
-0

9
C

C
-1

0
C

C
-1

1
C

B-
01

C
B-

02
C

B-
03

C
B-

04
C

B-
05

C
B-

06
C

B-
07

Capsicum annuum L. Capsicum chinense Jacq. Capsicum baccatum L.

Fig. 8. The total phenolic acid content in Capsicum spp. fruits (different superscripts in 
each column indicate significant differences in the mean at P < 0.05); CAE – caffeic acid 
equivalent
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content of flavonoids, polyphenols, and the greatest 
antioxidant activity.

Correlation analysis of the investigated antioxi-
dant parameters of the extracts of C. annuum, C. bac-
catum, and C. chinense is represented in Figure 10. 
A very strong correlation was found between the TPC 
and TPAC (r = 0.932), TPC and TFC (r = 0.921), and 
TPC and FRSA (r = 0.820) for the C. annuum ex-
tracts. A strong correlation was found between TFC 
and FRSA (r = 0.761), and TFC and TPAC (r = 0.755). 
Also, TPAC correlated with both FRSA (r = 0.744) 
and MRP (r = 0.648). In this case, the correlation was 
strong. A moderate correlation was determined be-
tween TPC and MRP (r = 0.480) in the C. annuum 
extracts. It should be noted that a weak correlation was 
detected between the FRSA and MRP (r = 0.279) and 

a very weak correlation between the TFC and MRP of 
the extracts (r = 0.159).

The study of plant extracts of C. baccatum showed 
a very strong correlation between the accumulation of 
flavonoids with the TPC (r = 0.982) and the MRP of 
the extracts (r = 0.908). The TPC of the investigated 
extracts also showed a very strong correlation with 
TPAC (r = 0.839), and with MRP (r = 0.898). Strong 
relations were found between TPAC with flavonoids 
(r = 0.747) and with FRSA (r = 0.771). Also, TPC cor-
related with FRSA (r = 0.666). A moderate correlation 
existed between the MRP of the extracts and TPAC 
(r = 0.596). Also, this type of correlation was found 
between the FRSA and TFC (0.591) and between two 
species of AA.

Fig. 9. Dendrogram from hierarchical cluster analysis of the antioxidant activity of 27 
cultivars of Capsicum spp.
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A  correlation was found between the antioxidant 
parameters of the ethanol extracts of C. chinense. 
A very strong correlation was detected between TPC 
and TPAC (r = 0.848) and TFC (r = 0.939). A strong 
relation was determined between TPAC and TFC (r = 
0.621). The obtained data demonstrated a weak corre-
lation between MRP concerning TPAC (r = 0.323) and 
FRSA (r = 0.232) and a very weak relation between 

the TPC and MRP of the extracts. It should be noted 
that, in the rest of the cases, negative correlations be-
tween parameters were found. 

As reported by Zhuang et al. (2012), a significant 
correlation was determined between the TPC and an-
tioxidant activity of all the investigated cultivars of 
C. annuum and C. frutescens. In this case, the exist-
ing relations between TPC and MRP and FRSA were 
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r = 0.883 and r = 0.850, respectively. As the authors 
noted, the chemistry behind these methods is based 
on the same redox ability. The results obtained by 
Materska (2014) allowed a correlation to be found 
between TPC and antioxidant activity in the C. annu-
um extracts. Hamed et al. (2019) studied the relations 
between TPC, TFC, and ascorbic acid accumulation, 
which can be associated with antioxidant activity, and 
found a weak positive correlation between TPC and 
TFC with FRSA and another method used to deter-
mine antioxidant activity (ABTS assay). This report 
contrasted with our results because we found a very 
strong correlation between TPC and TFC, and the as-
sociation between TPC and antioxidant activity in our 
study was stronger (apart from in the C. chinense cul-
tivars). Farhoudi et al. (2017) found a very strong cor-
relation between TPC and reducing power (r = 0.91), 
between TPC and FRSA (r = 0.81), and between TFC 
with reducing power (r = 0.90) and FRSA (r = 0.89). In 
the current study, we had a strong correlation between 
TFC and MRP in the C. baccatum extracts, while in 
C. chinense these relations were negative. Hwang et 
al. (2012) identified a very strong correlation between 
TPC and antioxidant activity of cooked C. annuum us-
ing the DPPH method (r = 0.991). Medina-Juárez et al. 
(2012) determined a very strong correlation between 
different flavonoids and FRSA (r = 0.881–0.954).

CONCLUSIONS

The parameters of antioxidant activity, such as the 
content of total polyphenol compounds, flavonoids, 
and phenolic acids in ethanol fruit extracts of Capsi-
cum annuum, C. baccatum, and C. chinense, were used 
in this study. Based on the results, the highest values 
of total polyphenol, flavonoid, phenolic acid content, 
and molybdenum reducing power were exhibited by 
extracts of ‘Habanero Red Savina’ cultivar (C. bacca-
tum). The maximal value of antioxidant activity found 
using the DPPH method was in an extract of cv. Fidal-
go Roxa (C. chinense). The polyphenol compounds 
of the C. annuum and C. baccatum cultivars were as-
sociated with antioxidant activity. The variability of 
antioxidant parameter values was high between cul-
tivars within these species. The assessment of Capsi-
cum cultivars using selected biochemical parameters 
demonstrated that these plants are potent sources of 

antioxidants which are important in human nutrition 
and good health. 
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