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Abstract

The objectives of present study were to assess the antimicrobial and antioxidant potential of Capsicum  frutescens  L. seeds and
to characterize the chemical constituents of the crude extracts. The n-hexane and chloroform extracts were analyzed using gas
chromatography–mass spectroscopy (GC–MS), which showed the presence of many biologically important volatile constituents,
including heterocyclic compounds, β-diketones, hydrocarbons, long chain aliphatic carboxylic acids, and their derivatives, such as
esters, hydroxy ester, and aromatic compounds. The amounts of the total phenolic content and the total flavonoid content in same
the extracts were in the ranges of 7.95–26.15 gallic acid equivalents (GAE mg/g) and 4.64–12.84 rutin equivalents (RU mg/g) of
dry weight of extract, respectively. In the determination of the in  vitro  antimicrobial activity, seed extracts prevented the growth of
most of the tested pathogens by forming significant inhibition zones. The inhibitory activity was especially remarkable (inhibition
zone ≥  13 mm) against Pesudomaonas  aeruginosa, Klebsilla  pneumonae, Staphylococcus  aureus  and Candida  albicans. During the
evaluation of the in  vitro  antioxidant activity via  DPPH assay, n-hexane and chloroform extracts showed 26.9% and 30.9% free
radical scavenging abilities, respectively, at the concentration of 1 mg/mL. Considering these results, C.  frutescens  seeds can be

used as a source of novel antimicrobial and antioxidant compounds.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction

Capsicum  peppers are among the oldest cultivated
plants in the world [1]. This genus is indigenous to Cen-
tral and South America from pre-Colombian times and
behalf of Taibah University. This is an open access article under the

is in the nightshade family Solanaceae. Presently, this
genus is believed to consist of 27 species, five of which
are domesticated and used as fresh vegetables and spices,
along with approximately 3000 varieties [2]. Widespread
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eographic distribution of Capsicum  annuum  and Cap-
icum frutescens  from the New World to other continents
ccurred in the sixteenth century via  Spanish and Por-
uguese traders; soon afterwards, they became an integral
art of food habits of several countries, including
ndia.

The dried ripened red pod of C.  frutescens  is known
o offer the pepper, which is used as a spice to flavour
ishes worldwide. In addition to acting as a flavouring
nd colouring agent, this fruit also has ethnomedicinal
restige and is used to treat a variety of human ailments.
ed chilli has been used as an alternative medicine for the

reatment of inflammation, diabetes, low back pain and
cute tonsillitis [3–5]. Moreover, capsicum plaster con-
aining powdered capsicum and capsicum tincture has
een used in Korean hand acupuncture to reduce post-
perative nausea, vomiting and sore throat [6,7]. Chilli
as an important plant in traditional Mayan medicine to

reat various ailments, such as sore throat, earache and
kin care [8].

The substances responsible for the pungency of C.
rutescens pods are the capsaicinoids alkaloids, which
re known for their pharmacological, neurological and
ietetic effectiveness. These substances have significant
ntibiotic activity and the ability to reduce the cholesterol
evel in blood when used at low levels in the regular diet
9].

Although numerous studies have been reported in
he literature to justify the medicinal importance of
hilli peppers in food, it is notable that the chemi-
al composition and extent of different bioactivities
ary considerably with the species and cultivar inves-
igated, along with the extraction conditions used in
he experiments. Central India, especially the Malwa
egion of Madhya Pradesh, is well known for its hot
nd spicy cuisine; however, to the best of our knowl-
dge, no study has been performed on the locally
rown cultivar of C.  frutescence  to understand the role
f red chillies in maintaining public health. Thus, in
ontinuation of our work on the identification of phar-
acologically active constituents from locally grown

lants [10–12], the present study was planned. The goals
f the present study on the seeds of dried pods of
. frutescens  were the following: (i) to investigate the
hemical composition of comparatively less explored
ow polar n-hexane and chloroform extracts, (ii) to
valuate its in  vitro  antimicrobial activity against com-
on food borne pathogens, (iii) to determine the total
henolic and flavonoid content, and (iv) to estimate
he antioxidant activity by DPPH radical scavenging
ssay.
sity for Science 10 (2016) 462–470 463

2.  Materials  and  methods

2.1.  Chemicals

The organic solvents used in the experiments were
of analytical grade and purchased from Qualigen Chem-
icals, India. The Muller Hinton agar culture medium,
nutrient agar, Sabouraud dextrose agar medium and
antibiotics discs used in study were procured from Hime-
dia Laboratories Pvt. Ltd., Mumbai, India. The other
chemicals used were of analytical grade and obtained
from Merck, India.

2.2.  Plant  sample

Air-dried pods of C.  frutescens  were collected from
the local spice market of District Ratlam, India. Plant
samples were duly authenticated by Dr. V. Gupta, Tax-
onomist, Department of Botany, Govt. Arts & Science
College, Vikram University, Ratlam, India, where a
voucher specimen was also deposited for future refer-
ence.

2.3.  Extraction  procedure

The plant samples were washed several times with tap
water and finally with distilled water to remove dust. The
samples were dried under shade at room temperature.
The seeds were separated from dried pods by crumbling
and then screening. The shade dried seeds were further
ground by means of a mechanical blender (Bajaj GX10,
India) to fine powder. One hundred grams of the seed
powder was sequentially extracted for 3 days with each
solvent n-hexane (500 mL ×3) and chloroform (500 mL
×3) using a Soxhlet apparatus over a water bath. The
extracts obtained were filtered through Whatman No. 1
filter paper and then evaporated to dryness by using a
rotary evaporator (Buchi, Switzerland). The final crude
extracts were collected in an airtight container and then
refrigerated at 4 ±  2 ◦C until further use.

2.4.  Gas  chromatography–mass  spectrometry
(GC–MS) analysis

GC–MS analysis of extracts was performed using a
Hewlett-Packard 5890 gas chromatograph coupled to
a Hewlett-Packard 5970A Mass spectrometer detector
(MSD). Compounds were separated on a fused silica cap-

illary column with a column length of 25.0 m, an internal
diameter of 0.32 mm and a film thickness of 0.25 �m.
The temperature of the injector was 250 ◦C, and 2 �L of
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sample was injected in the split mode with a split ratio
of 30:1. Helium (He) was used as a carrier gas, and the
flow rate of the gas was 1.1 mL/min. The temperature
programme was as follows: initial temperature of 60 ◦C
held for 2 min, followed by the ramping up of the temper-
ature at a rate of 4 ◦C/min up to 220 ◦C, which was held
for 20 min. The temperature of the MSD transfer line
was 300 ◦C. For mass spectra determination, the MSD
was operated in electron ionization (EI) mode, with an
ionization energy of 70 eV, while the mass range scanned
was 10–400 m/z. The temperature of the ion source was
230 ◦C, and that of the MS quadrupole was 150 ◦C. The
name, molecular weight and structure of the components
of the test materials were ascertained by comparing the
mass spectra with the known compounds using an auto-
mated library search on the NIST MS Search programme
2.0g (National Institute of Standards and Technology,
Gaithersburg, MD, USA) [13].

2.5.  Determination  of  the  total  phenolic  contents
(TPC)

The concentration of the phenolics in the plant
extracts was determined using the Folin Ciocalteau assay
[14]. In brief, 1 mL of extracts (1 mg/mL in methanol)
or a standard solution of gallic acid (20, 40, 60, 80 and
100 mg/L) was added to a 25-mL volumetric flask con-
taining 9 mL of distilled water. One millilitre of Folin
Ciocalteau reagent was added to the mixture and then
shaken. After 5 min, 10 mL of a 7% Na2CO3 solution
was added to the mixture. The final volume was brought
up to 25 mL by adding double distilled water and then
mixed. After 90 min of incubation at room temperature
(23 ±  2 ◦C), the absorbance was determined against a
blank at 750 nm (UV-2550, Shimadzu spectrophotome-
ter). The total phenolic content was calculated using a
calibration curve for gallic acid (R2 = 0.981). The results
were expressed as the gallic acid equivalent per gram
of dry weight of extract (mg of GAE/g of extract). All
samples were analyzed in triplicate.

2.6.  Determination  of  the  total  flavonoid  contents
(TFC)

The total flavonoid content of the crude extracts
was determined using the aluminium chloride col-
orimetric method [15]. In brief, 5 mL of the extract
(1 mg/mL in methanol) or a standard solution of rutin

(20, 40, 60, 80 and 100 mg/L) were mixed with 5 mL
of 2% AlCl3 in methanol. After a 60-min incubation at
room temperature (23 ±  2 ◦C), the absorbance against
blank was determined at 510 nm (UV-2550, Shimadzu
rsity for Science 10 (2016) 462–470

spectrophotometer). The total flavonoid content was cal-
culated using a calibration curve for rutin (R2 = 0.985).
The results were expressed as the rutin equivalent per
gram of dry weight of extract (mg of RU/g of extract).
All samples were analyzed in triplicate.

2.7.  Evaluation  of  the  antioxidant  activity  via
DPPH radical  scavenging  assay

The ability of the plant extracts to scavenge
DPPH free radicals was assessed using the standard
method [16]. Aliquots (2 mL) of various concentrations
(62.5–1000 �g/mL) of the plant samples were added to
2 mL of a 0.004% methanolic solution of DPPH. After an
incubation period of 30 min in darkness at room temper-
ature (23 ±  2 ◦C), the absorbance was recorded against a
blank at 517 nm (UV-2550, Shimadzu spectrophotome-
ter). Absorption of a blank sample containing the same
amount of methanol and DPPH solution acted as the
control.

% DPPH inhibition activity =  [A0 −  A1/A0] ×  100

where A0 is the absorbance of the control and A1 is the
absorbance of the sample. Ascorbic acid was used as a
positive control. Samples were analyzed in triplicate.

2.8.  Antimicrobial  activity

2.8.1.  Test  microorganisms
In the present study, the antibacterial activity of the

plant extracts were tested against Gram positive Bacil-
lus cereus,  Staphylococcus  aureus,  and  S.  aureus  MRSA
and Gram negative Escherichia  coli,  Salmonella  typhi,
Pseudomonas aeruginosa,  Klebsiella  pneumoniae,  and
Proteus vulgaris  bacteria, while the antifungal activ-
ity was evaluated against Candida  albicans,  Candida
krusei, Alternaria  alternata,  Aspergillus  flavus,  and
Aspergillus niger.  All of the microorganisms used in
the present study were clinical isolates, obtained from
Department of Microbiology, RD Gardi Medical Col-
lege, Ujjain, India. The isolates were identified in the
laboratory using the standard biochemical tests. The bac-
terial strains were subcultured on nutrient agar at 37 ◦C,
while the fungal strains were subcultured on Sabouraud
dextrose agar at 28 ◦C. All of the microorganisms were
preserved at 4 ±  2 ◦C prior to use.

2.8.2. Antibacterial  assay

The antibacterial activity of plant extracts was tested

using the well diffusion method [17]. All samples
(dry residue) were dissolved in 10% sterile dimethyl
sulfoxide to a final concentration of 20 mg/mL. Petri
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ishes were prepared with 20 mL of Muller Hinton agar
edium and sterilized by autoclaving at 121 ◦C for

5 min. After inoculation, the Petri dishes were dried
or 15 min. Wells of 10-mm diameter, suitably distant,
ere punched off and subsequently filled with 100 �L
f extract. The plates were incubated at 30 ◦C for 1 h to
ermit good diffusion before incubation at 37 ±  2 ◦C for
4 h. Antibiotic ciprofloxacin (5 �g/mL) was used as a
ositive control, while 10% DMSO was used as negative
ontrol. The zone of inhibition (excluding well diame-
er) that appeared after 24 h was measured (in mm) as a
roperty of the antibacterial activity of the extracts. All
f the tests were performed in triplicate.

.8.3. Antifungal  assay
The antifungal activity of plant extracts was deter-

ined by the disc diffusion method using Sabouraud
extrose agar medium [18]. To test the antifungal activ-
ty, Whatman no. 1 filter paper discs (4-mm diameter),
ach of which were impregnated with 20 �L of extract
100 mg/mL in 10% DMSO), were placed aseptically
n the inoculated agar plates. Plates were incubated at
0 ◦C for 1 h to permit good diffusion before incubation
t 37 ±  2 ◦C for 48 h. Standard antifungal agent nystatin
100 units/disc) was used as the positive control, while
0% DMSO was used as the negative control. The zone
f inhibition (excluding disc diameter), which appeared
fter 48 h, was measured (in mm) as a property of the
ntifungal activity of extracts. All tests were performed
n triplicate.

.9.  Statistical  analysis

The samples were analyzed individually in triplicate,
nd the data were reported as the mean ±  standard devi-
tion. One-way analyses of variance (ANOVA) with the
ost hoc  Tukey HSD test was used to compare any sig-
ificant differences between the extracts and the control
t the 5% significance level (p  < 0.05).

.  Results  and  discussion

.1.  Chemical  composition  of  the  solvent  extracts

The GC–MS analysis of n-hexane and chloroform
xtracts of the seeds of C.  frutescens  revealed the pres-
nce of a total of 29 compounds (Table 1, Figs. 1 and 2)
epresenting different classes. The major constituents

n the n-hexane extract were found to be Octadeca-
ienal (Z), 3-Carene, Hexadecanoic acid, Tetracosane,
eptadec-8-ene-2,4-dione, 2(3H)-Furanone,dihydro-5-

2-octenyl)-, (Z) and Hexadec-8-ene-2,4-dione, while
sity for Science 10 (2016) 462–470 465

in the chloroform extract, Hexadecanoic acid, 9,12-
Octadeca dienoic acid, 1-Hexadecene and 5-Eicosene,
(E) were found to be present in major quantities. Five
compounds, Octadecane, Eicosane, Docosane, 9,12-
Octadecadienoic acid, methyl ester and Hexadecanoic
acid, were found to be commonly present in both of the
extracts. The compounds in GC–MS analysis were iden-
tified on the basis of comparison of the retention time and
mass spectra with the references present in the NIST
mass spectral library.

In a previous study, the most abundant constituents
present in the volatile fractions of three varieties of
chilli peppers were esters and alcohols in the malagueta
chilli pepper (C.  frutescens), monoterpenes and alde-
hydes in the dedo-de-moça chilli pepper (C.  baccatum
var. pendulum), and esters and sesquiterpenes in the
murupi chilli pepper (C.  chinense) [19]. Analysis of
the fruit volatiles of three Colombian cultivars of C.
frutescens (cesari amarillo, cesari morado and pajarito)
identified isohexyl isohexanoate, isohexyl isovalerate
and isohexyl 2-methylbutyrate as the major compounds
in cesari amarillo and cesari morado cultivars, while
isohexyl isovalerate and hexyl isovalerate were the
major compounds in the pajarito cultivar [20]. On
isolating the volatile constituents of 16 capsicum acces-
sions, esters and terpenoids were found to be the
major compounds, along with a minor presence of
nitrogen and sulphur compounds, phenol derivatives,
norcarotenoids, lipoxygenase derivatives, carbonyls,
alcohols, and hydrocarbons [21]. The volatile compo-
sition of C.  frutescens  fruit significantly varies with
the variety studied [22] as well as the ripening stage
[23].

In the present study, most of the identified volatile
compounds were hydrocarbons, fatty acids, fatty esters,
and some novel constituents, such as β-diketones.
Many of these identified compounds have already
been reported to be pharmacologically active. For
example, 3-carene has shown anabolic activity in
bone metabolism [24], hexadecanoic acid is known
to have potential antibacterial and antifungal activi-
ties [25,26]; long-chain unsaturated fatty acids, such
as linoleic acid, also show antibacterial activity and
are the key ingredients of antimicrobial food addi-
tives and some antibacterial herbs [27]; unsaturated
fatty acids are also suggested to be responsible for
the anti-inflammatory activity [28]; and hexadecanoic
acid, methyl ester and 9,12-octadecadienoic acid (Z,Z)-

, methyl ester have shown antioxidant and anticancer
properties, respectively [29,30]. The presence of such
bioactive phytoconstituents and pungent capsaicinoids
in the seeds of C.  frutescens  are thought to play a major
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Table 1
Chemical composition of crude extracts of C. frutescens seeds analyzed by GC–MS.

SI no. Name of compounds MW Formula Retention time Peak area (%)

n-Hexane crude extract
1 3-Carene 136 C10H16 5.32 14.88
2 Hexadecane 226 C16H34 12.25 2.41
3 Octadecane 254 C18H38 14.34 1.55
4 Eicosane 282 C20H42 16.16 1.25
5 10-Heneicosene 294 C21H42 16.98 0.42
6 Docosane 310 C22H46 17.60 0.93
7 9,12-Octadecadienoic acid, methyl ester 294 C19H34O2 18.10 0.84
8 Hexadecanoic acid 256 C16H32O2 18.52 13.76
9 1-Docosene 308 C22H44 19.92 0.69
10 9,12-Octadecadienal 264 C18H32O 20.97 33.54
11 Heptadec-8-ene-2,4-dione 266 C17H30O2 21.59 7.60
12 Tetracosane 338 C24H50 22.19 8.83
13 2(3H)-Furanone,dihydro-5(2-octenyl) 196 C12H20O2 23.60 6.09
14 Hexadec-8-ene-2,4-dione 252 C16H28O2 25.25 6.05
15 Pentadec-8-ene-2,4-dione 238 C15H26O2 27.51 1.17

Chloroform crude extract
1 1-Phenyloctane 190 C14H22 12.41 2.18
2 Phenol,2,4-bis(1,1-dimethyethyl) 206 C14H22O 13.65 5.48
3 Octadecane 254 C18H38 14.57 3.93
4 1-Hexadecene 224 C16H32 14.71 8.76
5 Eicosane 282 C20H42 16.41 2.96
6 5-Eicosene 280 C20H40 16.54 6.54
7 Hexadecanoic acid, ethyl ester 284 C18H36O2 17.27 3.49
8 Docosane 310 C22H46 17.84 2.37
9 1-Dodecene 168 C12H24 17.91 4.29
10 9-Hexadecenoic acid, methyl ester 268 C17H32O2 18.10 2.13
11 9,12-Octadecadienoic acid, methyl ester 294 C19H34O2 18.14 4.16
12 Palmitic acid 256 C16H32O2 18.39 25.31
13 Linoleic acid 280 C18H32O2 20.40 23.28
14 9,12-Octadecadienoic acid-2-hydoxy-1-(hydroxyl methyl)ethyl ester 354 C21H38O4 20.66 5.15

Fig. 1. GC–MS chromatogram of the n-hexane extract of the seeds of C. frutescens.
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Fig. 2. GC–MS chromatogram of the ch

ole in the well-known pharmacological activities shown
y red chillies.

.2.  Antimicrobial  activity

The results of the antimicrobial activity of n-Hexane
nd chloroform extracts of the seeds of C.  frutescens
xamined against different pathogenic microorganisms
re presented in Table 2. n-Hexane extract showed signif-
cant activity (>10 mm) against P.  aeruginosa  (14 mm),
. pneumonae  (12 mm), S.  aureus  (14 mm), C.  albicans

13 mm), C.  krusei  (12 mm), A.  alternata  (11 mm) and
. niger  (16 mm). Although the inhibitory activity exhib-

ted by the chloroform extract was significant against P.
eruginosa (13 mm), K.  pneumonae  (13 mm), S.  aureus
15 mm), C. albicans  (20 mm) and C.  krusei  (14 mm),
his extract could not inhibit the growth of the tested
easts. Both the extracts were less active against S.
yphi, P.  vulgaris  and S.  aureus  MRSA. Furthermore, he
ntibacterial and antifungal activities of plant extracts
ere compared with standard antibiotics ciprofloxacin

nd nystatin, respectively (Table 2). Against E.  coli,
. aeruginosa, K.  pneumonae, S.  aureus  and C.  krusei,
xtracts of both n-hexane and chloroform showed better
ctivity than standard drugs, while against C.  albicans,
he chloroform extract produced better results.

In recent years, research has moved in the direction
f replacing toxic synthetic food preservatives with nat-
ral alternatives. Red pepper can play this role very well,
s this spice is part of most cuisines worldwide. In pre-

ious studies, the antimicrobial activity of highly polar
thanol, methanol and aqueous extracts of C.  frutescens
epper has already been reported against a number of
icroorganisms [31–33]. Even the methanolic extract
m extract of the seeds of C. frutescens.

of C.  frutescens  leaves showed dose-dependent antibac-
terial activity against S.  aureus, K.  pneumoniae  and P.
aeruginosa  [34]. Aqueous extracts of the leaf and fruit
of C.  frutescens  exhibited potential to prevent growth of
seed-borne fungi [35], while chilli juice and oleoresins
inhibited the growth of wood discolouring fungi [36].

In the present study, broad spectrum activity exhibited
by low polar n-hexane and chloroform extracts con-
firmed the presence of even less polar antimicrobial
compounds in chilli seeds. This significant antimicrobial
activity may be attributed to the compounds identified
in the GC–MS analysis. Isolation of these antimicro-
bial agents from capsicum fruit can lead to an important
change in the area of food safety and can be used in the
prevention of food-borne diseases.

3.3.  Percentage  yield  and  total  phenolic  content  and
total flavonoid  content

Comparing both of the extracts of C.  frutescens  seeds,
the extraction yield was almost double with n-hexane
than with chloroform (Table 3). The amount of the
total phenolic content and total flavonoid content ranged
7.95–26.15 gallic acid equivalents (GAE mg/g) and
4.64–12.84 rutin equivalents (RU mg/g) of dry weight
of extract, respectively (Table 3). The efficiency of the
solvents to extract phenolic and flavonoid compounds
was in the order of n-hexane > chloroform. Total phe-
nolic content measured in the n-hexane extract in the
present study was higher than the value (15.57–16.22

GAE mg/g) reported for the ethanolic extract of the seeds
of C.  frutescens  grown in India [37].

Phenolic compounds are secondary metabolites that
can act as antioxidants due to their ability to donate
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Table 2
Antimicrobial activity of crude extracts of C. frutescens seeds (inhibition zone in mm, excluding well/disc diameter).

Name of microorganism n-Hexane extract Chloroform extract Positive control

Escherichia coli 10 ± 0.52a 08 ± 1.32ac 06 ± 0.34bc

Salmonella typhi 5 ± 0.81a 06 ± 0.95a 18 ± 1.3b

Proteus vulgaris 5.5 ± 1.0a 7 ± 0.5a 16 ± 1.5b

Pseudomonas aeruginosa 14 ± 1.3a 13 ± 1.7ac 10 ± 0.86bc

Klebsilla pneumonae 12 ± 0.5a 13 ± 2.0a 10 ± 2.59a

Bacillus cereus 10 ± 1.0a 10 ± 1.8ac 19 ± 1.5bd

Staphylococcus aureus 14 ± 0.5a 15 ± 1.32ac 8 ± 0.62bd

Staphylococcus aureus MRSA 5 ± 0.2a 0 13 ± 0.5b

Candida albicans 13 ± 1.74a 20 ± 0.43b 18 ± 0.90b

Candida krusei 12 ± 1.03a 14 ± 1.51ab 11 ± 0.86ac

Alternaria alternata 11 ± 0.62a 0 14 ± 0.45b

Aspergillus flavus 0 0 15 ± 0.33
Aspergillus niger 16 ± 1.0a 0 17 ± 0.50a

Data are expressed as the mean ± standard deviation of three separate experiments (p < 0.05); Different letters in superscript indicate significant
differences among different extracts and control according to Tukey HSD test. Positive control for antibacterial activity ciprofloxacin (5 �g/mL)
and for antifungal activity nystatin (100 units/disc).

Table 3
Percentage yield, total phenolic content (TPC) and total flavonoid content (TFC) of crude extracts of C. frutescens seeds.

Extract % Yield TPC (GAE mg/g) of dry weight of extract TFC (RU mg/g) of dry weight of extract

n-Hexane 11.2 26.15 ± 0.76 12.84 ± 0.22
4.64 ± 0.54

experiments (p < 0.05).
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hydrogen, quench singlet oxygen and act as metal
chelators [38]. Flavonoids consist of a large group of
polyphenolic compounds, have a benzo-�-pyrone struc-
ture, and provide benefits in multiple ways to the plant
producing them [29]. Flavonoids are found to be very
useful as an antimicrobial agent, a mitochondrial adhe-
sion inhibitor, an antiulcer agent, an antiarthritic agent,
an antiangiogenic agent, and an anticancer agent [39].
It has been confirmed that consumption of phenolic rich
foods or beverages prevent diseases, such as cancer, heart
disease, inflammation, arthritis, immune related dis-
eases, neurodegenerative diseases and diabetes [40]. In
the present study, the presence of phenolic and flavonoid
compounds in red chilli seeds confirm the health benefits
associated with it.

3.4.  Antioxidant  activity  by  DPPH  assay

The n-hexane extract exhibited 26.97% DPPH radical
scavenging activity at a concentration of 1 mg/mL, while
for the chloroform extract at the same concentration,
30.9% DPPH radical scavenging activity was observed

(Fig. 3).

The DPPH assay is a very common spectro-
photometric method to determine the activity of any
antioxidant. The advantage of this method is that the
Fig. 3. DPPH radical scavenging ability of the crude extracts of C.
frutescens seeds.

antioxidant activity is measured at ambient tempera-
ture, and thus, the risk of the thermal degradation of
the molecule tested is eliminated [41]. Free-radical scav-
enging is one of the known mechanisms by which
antioxidants inhibit lipid oxidation [42]. Although, in the
literature, a very high DPPH radical scavenging ability
has been reported in capsicum fruit, that report was for

highly polar acetonitrile and methanol extracts [43,44];
in the present study, the antioxidant activity determined
is of moderate type in comparison to standard ascor-
bic acid and also exhibits poor correlation with the total
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henolic content. The results showed the possibility of
he presence of non-phenolic antioxidant molecules in
hilli seeds and the better ability of polar solvents to
xtract them.

.  Conclusion

The identification of pharmacologically active com-
ounds and remarkable antimicrobial activity along with
oderate antioxidant activity of low polar extracts of

eeds of red chillies in the present study justifies the tra-
itional use of red pepper as food preservatives in hot
limates and also indicates the tremendous nutraceuti-
al potential of red pepper. In further studies, bioactivity
uided isolation from these crude extracts may provide
ractions or constituents with high antimicrobial and
ntioxidant calibres, which can substitute synthetics of
qual efficacies.
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[2] V.P. Ibiza, J. Blanca, J. Cañizares, F. Nuez, Taxonomy and genetic
diversity of domesticated Capsicum species in the Andean region,
Genet. Resour. Crop. Evol. 59 (2012) 1077–1088.

[3] F. Spiller, M.K. Alves, S.M. Vieira, T.A. Carvalho, C.E. Leite,
A. Lunardelli, J.A. Poloni, F.Q. Cunha, J.R. de Oliveira,
Anti-inflammatory effects of red pepper (Capsicum baccatum)
on carrageenan and antigen-induced inflammation, J. Pharm.
Pharmacol. 60 (2008) 473–478.

[4] I. Tolan, D. Ragoobirsingh, E.Y. Morrison, Isolation and purifi-
cation of the hypoglycaemic principle present in Capsicum
frutescens, Phytother. Res. 18 (2004) 95–96.

[5] M. Wiesenauer, Comparison of solid and liquid forms of homeo-
pathic remedies for tonsillitis, Adv. Ther. 15 (1998) 362–371.

[6] K.S. Kim, M.S. Koo, J.W. Jeon, H.S. Park, I.S. Seung, Capsicum
plaster at the Korean hand acupuncture point reduces postopera-
tive nausea and vomiting after abdominal hysterectomy, Anesth.
Analg. 95 (2002) 1103–1107.

[7] H.S. Park, K.S. Kim, H.K. Min, D.W. Kim, Prevention of postop-
erative sore throat using capsicum plaster applied at the Korean

hand acupuncture point, Anaesthesia 59 (2004) 647–651.

[8] D. Dewitt, URL: http://www.fiery-foods.com/article-archives/84-
chiles-and-health/1807-bush-medicine-folk-cures-with-chile-
peppers?showall=1 (accessed 02.04.2015).

[

sity for Science 10 (2016) 462–470 469

[9] V.S. Govindarajan, M.N. Sathyanarayana, Capsicum production,
technology, chemistry and quality. Part V. Impact on physiology,
pharmacology, nutrition and metabolism: structure, pungency,
pain and desensitization sequences, Crit. Rev. Food Sci. Nutr.
29 (1991) 435–474.

10] B.K. Mehta, D. Mehta, M. Verma, Novel Steroids from the
seeds of Centratherum anthelminticum, Nat. Prod. Res. 19 (2005)
435–442.

11] B.K. Mehta, M. Verma, M. Gupta, Novel lipid constituents in
seeds of Nigella sativa, J. Braz. Chem. Soc. 19 (2008) 458–462.

12] B.K. Mehta, V. Pandit, M. Gupta, New principles from seeds of
Nigella sativa, Nat. Prod. Res. 23 (2009) 138–148.

13] NIST/EPA/NIH Mass Spectral Library with Search Program
(Data Version: NIST 11, Software Version 2.0g). Available online:
http://www.nist.gov/srd/nist1a.cfm#/ (accessed 16.11.2014).

14] D. Marinova, F. Ribarova, M. Atanassova, Total phenolics and
total flavonoids in Bulgarian fruits and vegetables, J. Univ. Chem.
Technol. Metall. 40 (3) (2005) 255–260.
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