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ABSTRACT Solanum torvum, Solanum aethiopicum and Solanum macrocarpon are the popular vegetables of
North Eastern India. This study was carried out to evaluate the bioactive properties, antioxidant activity and
different phenolic compounds in these Solanum species. Sample extract in eighty percent methanol was used for
total phenol, flavonols, flavonoid, antioxidant assays and various phenols quantification. All three species were
rich in phytochemical content and having the good antioxidant capacity. HPLC fingerprinting for different
phenolics compound confirmed that all the three species are having ample amount of phenolics content. The
findings of present investigation highlighted the nutraceutical importance of lesser known though very important
vegetables and also points towards the need to promote increased consumption and conserve genetic resources of
Solanum species.
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INTRODUCTION

It is a well-established fact that there is an
association between the vegetable consumption
and the reduced risk of chronic diseases such
as cancer, diabetes, cardiovascular disease and
arthritis etc. (Joshipura et al. 1999; Dai et al.
2006). Vegetables are a major source of antioxi-
dants, mainly due to high polyphenolics such
as tannins, flavonoids and phenolic acids. In
India, the genus Solanum is represented by
fourty-five species including those domesticat-
ed for their leaves, fruits or both eaten as a veg-
etable or used in traditional medicine. Solanum
torvum, Solanum aethiopicum and Solanum
macrocarpon bears edible fruits and are cooked
as vegetables in North Eastern Hilly (NEH) re-
gion of India. The crops have great potential as
alternative crops in the organic farming system
in the hills of North eastern states of India, ow-
ing to high preference by consumers and high

remuneration at the local market, despite being
neglected in research and development.

Solanum torvum Sw., commonly known as
Turkey berry, is widely naturalized in South and
South East Asia. It is also found in some parts of
Asia. The fruits and leaves are widely used in
Cameroonian folk medicine and used for curing
pneumonia (Fig.1). Fruits are thin-fleshed and
contain a large number of flat, round, brown
seeds (Liogier 1995). Solanum aethiopicum, one
of the leading vegetables in tropical Africa com-
monly known as the African eggplant or Ethio-
pian eggplant.  Solanum aethiopicum has round
fruit shape with green strips (Fig.1). Its leaves
are eaten as a leafy vegetable and fruits are eat-
en raw or cooked, whereas berries are used as
an ornament in Asia. Solanum macrocarpon is a
small tropical perennial plant that originated from
Africa, cultivated either for fruits, which are 3-10
cm in diameter, flat in shape, non-ribbed, with a
smooth surface and white or green coloured at
the commercially mature stage, or for its leaves,
which are used in the same way as spinach (Fig.
1) (Nyadanu and Lowor 2015).

Though the popularity of the above species
in African diet and agriculture is well known,
their economic and dietary importance in the
Indian context is not studied so far. In many
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Fig. 1. Morphological variation in fruits, flowers and leaves of three species of Solanum

Solanum macrocarpon

Solanum aethiopicum

Solanum torvum
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African and Asian countries, wild edible plants
are used as food and hence, contribute signifi-
cantly to the nutritional needs of the people.
Among the vegetables; eggplant is commonly
known as the source of phenols and flavonoids
both of which are powerful antioxidants (Kaur
et al. 2014). These selected vegetables for this
investigation belonging to Solanum species are
identified as the good source compounds like
phenols and flavonoids with high antioxidant
activities, as revealed from recent few studies in
other part of the world (Ilodibia et al. 2016; Fa-
muwagun et al. 2017; Sathyanarayana et al. 2016;
Eletta et al. 2017). These crops have attained a
considerable place in the diet of the population
of North Eastern states of India. In Sikkim, a
Himalayan state of North East India, these crops
are found adapted up to an elevation of 5000 ft
from MSL and are important components of in-
tegrated backyard farm of almost every house-
hold. The entire state is now certified as organ-
ic, satisfying all the norms and guideline laid
down by the regulatory bodies. These crops are
more intensified owing to their wide adaptabili-
ty and tolerance to adverse climatic conditions
like winter drought and heavy rainfall. Though
the crops are the part of every household, a full
understanding of its benefits as bioactive food
with antioxidant activity is yet to be established.

Research Objective

The present study was envisaged for anal-
ysing the bioactive profile, antioxidant activity
and quantification of the phenols will boost the
importance of such neglected vegetable crops.
So, present investigation aimed to profile bioac-
tive content, antioxidant activity and quantifi-
cation of phenols of three species of Solanum.

METHODOLOGY

Plant Material

The edible part of three species of Solanum
namely Solanum torvum, Solanum aethiopicum
and Solanum macrocarpon were collected from
all of the four districts of Sikkim from July 2015
to December 2015. In each district, at least five
villages and local market were inspected for the
collection of samples. At least 2 kg fruit samples
of each species were collected from each sam-
pling site. Total 68 samples were collected from
all the sampling sites. The collected fruits were

placed in a polyethene bag to prevent loss of
moisture and transported to the laboratory of
the department of Horticulture, Sikkim Universi-
ty, Sikkim, India within 24 hours. Fruits were well
washed 2-3 times with running tap water and
once with sterile double distilled water and wiped
to dry all the water around it as recommended
by Badau et al. (2013) and Pillai and Nair (2013).
The collected samples of each species were dried
in the oven at 25°C and were grinded into pow-
der and stored at room temperature under a dry
condition in an airtight plastic container (Nair et
al. 2013; Senga et al. 2013). More than 300 g of a
sample of each species were blended using the
blender after peeling the fruit (except Solanum
torvum because of its small size and thin skin)
and used for analysis as representative samples.

Extract of the Samples

2.0 g of powdered samples of all three spe-
cies were mixed with methanol (80%) in a ratio of
1:25 and extracted in a Soxhlet apparatus for 5
hours. This process was repeated for 3 times for
each sample and the combined extracted sam-
ples were concentrated using rotatory evapora-
tor. Extracted samples were further concentrat-
ed using Eppendorf Speed Vac/Concentrator
Plus at 400C and stored at -200C. The concen-
trated samples were used as a sample extract for
estimation of phytochemicals, antioxidant activ-
ity and quantification of phenols.

Phytochemical Analysis

Total Phenolics

Total phenolics content of the methanol ex-
tract were estimated by spectrophotometer us-
ing Folin–Ciocalteu reagent (FCR) as described
by Lin et al. (2011) where Gallic acid was used as
a standard. For one ml of sample extract (80%
ethanol), 5.0 ml of Folin–Ciocalteu reagent and
4.0 ml of 7.5 percent Na2CO3 solutions were add-
ed. The mixture was kept without disturbance
for 90 minutes before the absorbance was mea-
sured at 760 nm against blank reagent in UV Vis
spectrophotometer (Perkin Elmer, Lamb 35). A
calibration curve was drawn with standard Gal-
lic acid and results were expressed as Gallic acid
equivalent (mg GAE/g DW).

Total Flavonoids Content
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Total flavonoids were estimated using Alu-
minium chloride method as described by Lin et
al. (2011). An aliquot (5ml) of extract in 10 ml of
volumetric flask having, 0.3 ml of five percent
NaNO2 and 0.3 ml of ten percent AlCl36H2O. That
mixture was allowed to react for 6 minutes at
room temperature. Two ml of 1 mol-1 NaOH was
added and the solution was diluted to 10 ml with
distilled water. The absorbance of the solution
versus a blank at 510 nm (Perkin Elmer, Lamb 35)
was measured immediately. The results were stat-
ed as Rutin equivalent (mg RUE/g DW).

Total Flavonols

Total flavonol contents in the methanol ex-
tracts were measured using the method report-
ed by Kumaran and Karunakaran (2006). About
2.0 ml of sample was taken and 2.0 ml of two
percent AlCl3 and 3 ml sodium acetate (50 g/L)
solutions were added. The absorption was mea-
sured at 440 nm (Perkin Elmer, Lamb 35) after 2.5
hours at 20°C. Total flavonols contents were
calculated as Rutin (mg RUE/g DW) which was
used as a standard.

Antioxidant Activity

Free Radical Scavenging Activity using DPPH
Assay

DPPH (2, 2-diphenyl picrylhydrazyl) assay
is based on the scavenging ability of antioxi-
dants towards the stable radical DPPH accord-
ing to Yu et al. (2002) and Aoshima et al. (2004)
with slight modification. 2.0 ml of sample extract
was added to 5.0 ml of DPPH (0.1 mmol l-1) solu-
tion in ninety-five percent methanol and vor-
texed. After 30 minutes, change in the absor-
bance of the sample extract was measured at 517
nm with the help of UV Vis spectrophotometer
(Perkin Elmer, Lamb 35). The results were ex-
pressed as a percentage of inhibition of DPPH
which was calculated by the following formula:

Inhibition (%) = 100 × (A0 – A) / A0
Where, A0 was the beginning absorbance at

517 nm, obtained by measuring the same vol-
ume of solvent, and A was the final absorbance
of the sample extract at 517 nm. Methanol (95%)
was used as a blank.

Hydroxyl Radical Scavenging Activity
(HRSA)

The hydroxyl radical scavenging activities
of the sample extracts were measured by the
method as explained by Yu et al. (2004) with minor
modification. This assay is based on Fenton re-
action.  2.0 ml of sample extracts were added to
2.0 ml of 0.2 M phosphate buffer, 0.04 ml ferrous
sulphate (0.02 M) and 1.0 ml of 1, 10-phenanthro-
line (0.04 M) in a test tube. 0.1 ml 7mM H2O2 was
added to test tube to initiate the reaction. The
reaction mixture without sample extract was used
as a control. The absorbance of colour formed
was measured at 560 nm by UV Vis spectropho-
tometer (Perkin Elmer, Lamb 35) against reagent
blank. The % hydroxyl radical scavenging activ-
ity was calculated by the following formula:

(%) HRSA = (ABlank–Asample /ABlank) ×100

Hydrogen Peroxide Scavenging
Activity (HPSA)

Hydrogen peroxide scavenging activity of
the sample extracts was determined by Aiyegoro
and Okoh (2010) method with slight modifica-
tion. A 4.0 ml of sample extract was mixed with
2.4 ml of 4 mM H2O2 solution prepared in 0.1 M
phosphate buffer (pH 7.4) and incubated at room
temperature for 10 minutes. The absorbance at
230 nm (Perkin Elmer, Lamb 35 UV Vis spectro-
photometer) was measured against a blank, con-
taining the extract without H2O2. The result was
expressed as a scavenging activity (%) calculat-
ed by:

(%) HPSA = (ABlank–Asample /ABlank) ×100

Fe2+ Chelating Activity (FCA)

The sample extracts were evaluated for their
ability to compete with ferrozine for iron (II) in
solution by the method of Dinis et al. (1994). 2.0
ml of sample extract was added to the 2.0 ml of
ferrous sulphate (0.125 mM). The reaction was
initiated by addition of 2.0 ml of 0.3125 mM fer-
rozine. The mixture was vortexed and kept at
room temperature for 10 minutes. The absor-
bance of the solution was measured at 562 nm
(Perkin Elmer, Lamb 35 UV Vis spectrophotome-
ter) against blank solution prepared using fer-
rous chloride and water. EDTA (0.625-5.0 mg)
served as positive control and sample without
extract or EDTA served as negative control. The
percentage inhibition of ferrozine-Fe (II) com-
plex was calculated using the formula:
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(%) Chelating Activity = (AControl–Asample /
AControl) ×100

Ferric Ion Reducing Antioxidant Power
(FRAP) Assay

FRAP assay was performed in all three sam-
ple extracts according to the procedure of Hazra
et al. (2008) with slight modification. 2.0 ml of
sample extract was added to the 2.0 ml phos-
phate buffer (0.2 M, pH 6.6) and 2.0 ml 0.1 per-
cent potassium ferricyanide. The reaction mix-
ture was incubated at 50°C in water bath for 20
minutes. The reaction was stopped by adding
2.0 ml of Trichloroacetic acid (10%). The upper
portion of solution (2.0 ml) was mixed with 2.0 ml
of distilled water and 2.0 ml of 0.01 percent ferric
chloride. The reaction mixture was kept at room
temperature for 20 minutes. Absorbance at 700nm
(Perkin Elmer, Lamb 35 UV Vis spectrophotome-
ter) was measured at against blank. Results were
expressed as mg of Gallic acid equivalent/ g dry
weight (mg GAE/g DW) where Gallic acid was
used as positive control.

Phosphomolybdenum Assay (PMA)

All the sample extracts were evaluated for
antioxidant activity by the green phospho-mo-
lybdenum complex as the method described by
Prieto et al. (2006). 0.1 ml of sample extract was
added to 1.0 ml of reagent solution made up of
0.6 M of sulphuric acid, 28 mM of sodium phos-
phate and 4 mM of ammonium molybdate in a
test tube. The test tubes were incubated for 90
minutes in a water bath at 95°C. The test tubes
were cooled at room temperature and the absor-
bance at 695 nm (Perkin Elmer, Lamb 35 UV Vis
spectrophotometer) of the reaction mixture was
measured. The result was expressed as mg of

ascorbic acid equivalents/g dry weight (mg AAE/
g DW).

Chromatographic Conditions for Quantification
of Phenolics

High-performance liquid chromatography
was performed with the HPLC system Agilent
Series 1100, Agilent Technologies; U.S.A. Re-
versed-phase chromatographic analyses were
carried out in isocratic conditions using RP-C18
column (4.6 mm × 250 mm) packed with 5-μm
diameter particles. The mobile phase was aceto-
nitrile-water (10:90, v/v) containing one percent
of acetic acid. The flow rate was 0.7 ml/min, in-
jection volume was 40.0 μL, and detection was
done at 310 nm. The mobile phase was filtered
through a membrane filter (0.45 μm) and then
degassed by an ultrasonic sound before use.
The crude extract and the solutions of standards
(gallic acid, rutin, catechol, ferulic acid and quer-
cetin) were prepared in the same mobile phase
of HPLC. All chromatographic operations were
performed at room temperature and in triplicate.

RESULTS

Total phenolics, total flavonoid and total fla-
vonols were evaluated in three species of
Solanum and results are presented in Table 1.
Total phenol content was highest in Solanum
aethiopicum (3.89 mg GAE/g DW) followed by
Solanum torvum (2.03 mg GAE/g DW) and
Solanum macrocarpon (1.03 mg GAE/g DW).
Total flavonoid was also highest in Solanum
aethiopicum (27.59 mg RUE/g DW) followed by
Solanum macrocarpon (12.69 mg RUE/g DW)
and Solanum torvum (7.43 mg RUE/g DW). To-
tal flavonols were higher in Solanum aethiopi-

Table 1: Phytochemical content and antioxidant capacity of three Solanum species

Phytochemicals/Antioxidant capacity Solanum Solanum Solanum
torvum aethiopicum macrocarpon

Total phenol content (mg GAE/g DW) 2.03±0.04 3.89±0.07 1.03±0.05
Total flavonoid (mg RUE/g DW) 7.43±0.48 27.59±0.92 12.69±0.35
Total flavonols (mg RUE/g DW) 4.86±0.12 9.07±0.09 4.35±0.21
DPPH Assay (%) 77.9±1.4 74.8±0.9 80.4±1.0
Hydroxyl radical scavenging Assay (%) 77.9±0.8 67.5±1.6 75.9±1.3
Hydrogen peroxide scavenging Assay (%) 35.2±0.6 61.5±0.8 45.8±0.4
Ferrous ion chelating assay (%) 24.5±0.2 39.4±0.6 12.3±0.1
FRAP Assay (mg GAE/g DW) 4.26±0.24 20.03±0.17 4.77±0.92
Phosphomolybednum assay mg AAE/g DW) 32.86±1.41 41.13±0.93 40.58±1.63
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cum (9.07 mg RUE/g DW) followed by Solanum
torvum (4.86 mg RUE/g DW) and Solanum mac-
rocarpon (4.35 mg RUE/g DW).

The extracts of all the three species showed
good capacity [Solanum macrocarpon (80.4%)
> Solanum torvum (77.9%) > Solanum aethi-
opicum (74.8%)] for scavenging free radicals by
reducing the stable DPPH radical to the yellow
coloured diphenyl picryl hydrazine (Table 1).
Solanum torvum has the highest hydroxyl radi-
cal scavenging activity (77.9%) followed by
Solanum macrocarpon (75.9%) and Solanum
aethiopicum (67.5%). Hydrogen peroxide scav-
enging activity was found highest in Solanum
aethiopicum (61.5%) followed by Solanum mac-
rocarpon (45.8%) and Solanum torvum (35.2%).
Among them, Solanum aethiopicum (39.4%)
possesses highest metal chelating activity fol-
lowed by Solanum torvum (24.5%) and Solanum
macrocarpon (12.3%). Table 1 shows that the
reducing power of ferric ion and phospho-mo-
lybdenum complex in all the three vegetable ex-
tract. Solanum aethiopicum shows highest re-
ducing power in both assays followed by
Solanum macrocarpon and Solanum torvum.

Chromatographic fingerprinting of the ex-
tracts using reverse phase HPLC is presented in
Table 2. Gallic acid, rutin, catechol, ferulic acid
and quercetin were identified in the three stud-
ied species of Solanum. The amount of Gallic
acid varied from 46.31 to 1402.14, rutin 33.02 to
94.04, catechol 238.38 to 559.44, ferulic acid 2.90
to 24.70, quercetin 10.06 to 51.17 mg per 100 g
dry weight. Among the entire phenolic compound
quantified here, Gallic acid was found dominant
in all the three species. Gallic acid, rutin and fer-
ulic acid were found highest in Solanum tor-
vum, while catechol presence was highest in
Solanum aethiopicum and quercetin in Solanum
macrocarpon.

DISCUSSION

Phytochemical Analysis

A phenolic compound in Solanum has been
recognised as a major bioactive compound which

is responsible for their antioxidant effects (Kwon
et al. 2008). It is a much-acquainted fact that
presence of significant amount of phenolics in
daily food gives health-promoting effects due
to their antioxidant action. Phenolic compounds
of natural origin possess antimicrobial, anti-can-
cerous and neuroprotective activities and help
in improving insulin secretion and reducing un-
wanted fat in the body (Kaur et al. 2014). A result
of this study shows that these species were rich
in total phenol content which were in support of
the results of earlier experiments (Nisha et al.
2009; Raigón et al. 2010). Phenolic compounds
also impart peculiar taste and aroma to the foods
through phenolic degradation or mechanisms
of Maillard reaction (Jiang and Peterson 2010).
This may adequately explain why immature fruits
of Solanum torvum, Solanum aethiopicum and
Solanum macrocarpon are relished in Northeast
India and Africa.

Flavonoids have been found powerful scav-
engers of singlet oxygen and various other free
radicals, related to DNA damage and cancer
which makes it beneficial agents for the man-
agement of a multitude of diseases states, in-
cluding cancer, cardiovascular and neurodegen-
eration (Marchand 2002). Many horticultural re-
sources of wild origin are identified to be reser-
voirs of high flavonoid content. The results of
this study suggest that phenolics, flavonoid and
flavonols are important components of Solanum
torvum, Solanum aethiopicum and Solanum
macrocarpon which could be attributed to play-
ing a significant role in adsorbing and deacti-
vating free radicals, quenching singlet oxygen
or decomposing peroxides (Ilodibia et al. 2016;
Famuwagun et al. 2017).

Antioxidant Assays

A lot of studies have confirmed that the an-
tioxidants derived from indigenous plant sourc-
es are very useful in preventing the damaging
effects of oxidative stress (Zahin et al. 2009). A
number of assays were designed to measure

Table 2: Gallic acid, rutin, catechol, ferulic acid and quercetin quantification (mg/100g dry weight) in
three Solanum species

Species Gallic acid Rutin Catechol     Ferulic acid Quercetin

Solanum torvum 1402.14 94.04 559.44 24.69 10.82
Solanum aethiopicum 559.55 33.49 927.43 2.90 10.06
Solanum macrocarpon 468.31 33.02 238.38 6.09 51.17
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overall antioxidant activity or reducing poten-
tial, as an indication of a host´s total capability
to endure free radical stress (Gulcin et al. 2010).
In order to get a better estimate of antioxidant
capacity, multiple antioxidant assays are usual-
ly performed rather than rely on the single as-
say. In this study, antioxidant capacity in three
Solanum species extracts was evaluated using
six in-vitro assays namely, DPPH, HRSA, HPSA,
FCA, FRAP and PPMA. These antioxidant as-
says are commonly used assays among research-
ers being reliable and economical.

Free radicals are mainly produced as a result
of the oxidation process. The high potential for
scavenging free radicals could inhibit the spread
of oxidation. The conversion of the ion-radical
form of DPPH-H, by the antioxidants, could be
assessed by monitoring the change of colour
from purple to yellow. All the species under study
showed better DPPH radical scavenging activi-
ty which was in agreement with Loganayaki et
al. (2010), Kaur et al. (2014), Eletta et al. (2017)
and Famuwagun et al. (2017). The oxidatively
induced breaks in DNA strands are produced
due to hydroxyl radicals produced through Fen-
ton reaction to yield its open circular or relaxed
forms. These radicals are most reactive form
among all the dioxygen reduced forms and sup-
posed to cause cell damage in vivo (Rollet La-
belle et al. 1998). They may be generated in the
human body under physiological conditions,
where they can react with non-selective com-
pounds such as proteins, DNA, unsaturated fat-
ty acids and almost all biological membrane. An
extract hydroxyl radical scavenging activity is
directly associated with its antioxidant activity
(Babu et al. 2001). The ability of extracts to re-
duce hydroxyl radicals is directly related to pre-
vention of multiplication of lipid peroxidation and
they may identify to be a good scavenger of ac-
tive oxygen species. Hydrogen peroxide (H2O2)
is a weak oxidizing agent that belongs to a non-
radical form of ROS. Hydrogen peroxide can cross
cell membranes quickly and form hydroxyl radical
which inactivates few enzymes directly (Miller et
al. 1993). The result shows that all the three spe-
cies were good in hydroxyl radical and hydrogen
peroxide scavenging activity.

One of the important mechanisms of antiox-
idant activity is the ability of chelating or deac-
tivating the transition metals that have the ca-
pability to catalyse hydroperoxide decomposi-
tion. That’s why it is important to evaluate the
Fe (II) chelating ability of the extracts. The Fe
(II) chelating properties of the sample extracts

may be accredited to their endogenous chelat-
ing agents, mainly phenolics. The Fe2+chelating
activity of the extracts was measured by a de-
crease in absorbance of the ferrozine complex as
antioxidants compete with ferrozine in chelating
ferrous ion (Elmastas et al. 2006). FRAP assay is
the only assay that directly evaluate the reduc-
ing ability of antioxidants that react with ferric
tripyridyl-triazine (Fe3+–TPTZ) complex and pro-
duces a coloured ferrous tripyridyl-triazine (Fe2+–
TPTZ) (Benzie and Strain 1996), while phospho-
molybdenum complex assay (PPMA), generally
assist in the detection of ascorbic acid, pheno-
lics, tocopherols and carotenoids which are used
for the evaluation of total antioxidant capacity
(Miladi and Damak 2008). The reducing ability
of ferric ion by the extracts shown that all the
three species have optimal FRAP activity. The
difference in the responses of the extract in dif-
ferent antioxidant tests could be described by
the fact that the transfer of electrons/hydrogen
from antioxidants followed at various redox po-
tential in different assay systems and the trans-
fer also may be subjected to the structure of the
antioxidants (Loo et al. 2008).

Quantification of Phenolics

The extracts of natural origin contain sever-
al chemical components in varying concentra-
tions, so it is important to use chromatographic
methods to analyse these inherently complex
mixtures. Various antioxidant activities of these
species could be due to the presence of ample
amount of various phenolic compounds present
in these species. Epidemiological studies have
found consumption of foods containing these
phenolics have positive association towards a
reduced risk of developing several disorders
such as cardiovascular diseases, antidiabetic,
antimicrobial, inflammatory and neurological
activities etc. (Adefegha et al. 2014; Gandhi et
al. 2011). Few reports on the phytochemical in-
vestigation of these Solanum species indicate
the presence of these phenolics (Gandhi et al.
2011; Nwanna et al. 2014; Ramamurthy et al.
2012; Plazas et al. 2014; Sathyanarayana et al.
2016). These species may found an important
place in pharmaceutical formulations due to their
rich content of phenolic compounds.

CONCLUSION

All the three species studied here having a
good amount of total phenolics, flavonoid and
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flavanols. They also exhibited strong antioxi-
dant activity in various antioxidant assays which
could be contributed due to the presence of var-
ious phenols. These three species may find a
place in people’s food basket due to their reduc-
ing risk of various disorders and might be a valu-
able antioxidant natural source with application
in healthy medicine and food industry. The find-
ings of the present study encourage eating a
variety of vegetables especially indigenous and
underutilized because they are the natural sourc-
es of antioxidants.

RECOMMENDATIONS

On the basis of findings of this investiga-
tion, all the three species namely Solanum tor-
vum, Solanum aethiopicum and Solanum mac-
rocarpon which are found commonly in the hilly
tracts of Sikkim Himalaya are recommended as a
source of antioxidants and phenols and should
be included in the daily meal.

ACKNOWLEDGEMENTS

The researchers are very thankful to the de-
partment of Horticulture and Chemistry, Sikkim
University, Sikkim, India for providing the facil-
ities for the present investigation.

REFERENCES

Adefegha SA, Oboh G, Adefegha OM, Boligon AA,
Athayde ML 2014. Antihyperglycemic, hypolipi-
demic, hepatoprotective and antioxidative effects
of dietary clove (Syzygium aromaticum) bud pow-
der in a high-fat diet/streptozotocin-induced diabe-
tes rat model. Journal of the Science of Food and
Agriculture, 94(13): 2726-2737.

Aiyegoro AO, Okoh IA 2010. Preliminary phytochem-
ical screening and in vitro antioxidant activities of
the aqueous extract of Helichrysum longifolium DC.
BMC Complementary and Alternative Medicine, 10:
1-8.

Aoshima H, Tsunoue H, Koda H, Kiso Y 2004. Aging
of whiskey increases 1,1- diphenyl-2-picrylhydra-
zyl radical scavenging activity. Journal of Agricul-
ture and Food Chemistry, 52: 5240-5244.

Babu BH, Shylesh BS, Padikkala J 2001. Antioxidant
and hepatoprotective effect of Alanthus icicifocus.
Fitoterapia, 72: 272-277.

Badau MH, Abba HZ, Agbara GI, Yusuf AA 2013. Prox-
imate composition, mineral content and acceptabil-
ity of granulated maize dumpling (Dambu masara)
with varying proportions of ingredients. Global Ad-
vanced Research Journal of Agricultural Science,
2(1): 320-329.

Benzie IEF, Strain JJ 1996. The ferric reducing ability
of plasma (FRAP) as a measure of antioxidant pow-

er: The FRAP assay. Analytical Biochemistry, 239:
70-76.

Dai Q, Borenstein AR, Wu Y, Jackson JC, Larson EB
2006. Fruit and vegetable juices and Alzheimer’s dis-
ease: The Kame project. Am J Med, 119: 751-759.

Dinis TCP, Madeira VMC, Almeida MLM 1994. Ac-
tion of phenolic derivates (acetoaminophen, salyci-
late and 5-aminosalycilate) as inhibitors of mem-
brane lipid peroxidation and as peroxyl radical scav-
engers. Archives of Biochemistry and Biophysics,
315: 161-169.

Eletta OAA, Orimolade BO, Oluwaniyi OO, Dosumu
OO 2017. Evaluation of proximate and antioxidant
activities of Ethopian eggplant (Solanum aethiopi-
cum L) and Gboma eggplant (Solanum macrocar-
pon L). Journal of Applied Science and Environ-
mental Management, 21(5): 967-972.

Elmastas M, Gulcin I, Isildak O, Kufrevioglu OI, Ibao-
glu K, Aboul-Eneinc HY 2006. Radical scavenging
activity and antioxidant capacity of bay leaf ex-
tracts. Journal of the Iranian Chemical Society, 3:
258-266.

Famuwagun AA, Taiwo KA, Gbadamosi SO, Oyedele
DJ, Aluko RE, Adebooye OC 2017. Extraction opti-
mization and antioxidant properties of African egg-
plant (Solanum macrocarpon) leaf polyphenols.
Journal of Food Quality, 1-14.

Gandhi GR, Ignacimuthu S, Paulraj MG 2011. Solanum
torvum Swartz. fruit containing phenolic compounds
shows antidiabetic and antioxidant effects in strep-
tozotocin induced diabetic rats. Food Chem Toxicol,
49(11): 2725-2733.

Gulcin I, Bursal E, Sehitoglu MH, Bilsel M, Goren AC
2010. Polyphenol contents and antioxidant activi-
ty of lyophilized aqueous extract of propolis from
Erzurum, Turkey. Food and Chemical Toxicology,
48(8-9): 2227-2238.

Hazra B, Biswas S, Mandal N 2008. Antioxidant and
free radical scavenging activity of Spondias pinna-
ta. BMC Complementary and Alternative Medicine,
8: 63-75.

Ilodibia CV, Akachukwu EE, Chukwuma MU, Igboabu-
chi NA, Adimonyemma RN, Okeke NF 2016. Prox-
imate, phytochemical and antimicrobial studies on
Solanum macrocarpon L. Journal of Advances in
Biology and Biotechnology, 9(2): 1-7.

Jiang D, Peterson DG 2010. Role of hydroxycinnamic
acids on food flavor: A brief overview. Phytochemis-
try Reviews, 9: 187-193.

Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ,
Rimm EB, Speizer FE, Hennekens CH, Spiegelman
D, Willett WC 1999. Fruit and vegetable intake in
relation to risk of ischemic stroke. JAMA: J Am
Med Assoc, 282: 1233-1239.

Kaur C, Nagal S, Nishad J, Kumar R, Sarika 2014. Eval-
uating eggplant (Solanum melongena L) genotypes
for bioactive properties: A chemometric approach.
Food Research International, 60: 205-211.

Kumaran A, Karunakaran RJ 2006. Antioxidant and
free radical scavenging activity of an aqueous ex-
tract of Coleus aromaticus. Food Chemistry, 97:
109-114.

Kwon YI, Apostolidis E, Shetty K 2008. In vitro stud-
ies of eggplant (Solanum melongena) phenolics as
inhibitors of key enzymes relevant for type 2 diabe-



ANTIOXIDANTS AND PHENOLS IN SOLANUM SPECIES 95

tes and hypertension. Bioresource Technology, 99:
2981-2988.

Lin L, Cui C, Wen L, Yang B, Luo W, Zhao M 2011.
Assessment of in vitro antioxidant capacity of stem
and leaf extracts of Rabdosia serra (MAXIM.)
HARA and identification of the major compound.
Food Chemistry, 126: 54-59.

Liogier HA 1995. Descriptive Flora of Puerto Rico
and Adjacent Islands. Río Piedras: de la Universidad
de Puerto Rico, P. 617.

Loganayaki N, Siddhuraju P, Manian S 2010. Antioxi-
dant activity of two traditional Indian vegetables:
Solanum nigrum L. and Solanum torvum L. Food
Science and Biotechnology, 19(1): 121-127.

Loo AY, Jain K, Darah I 2008. Antioxidant activity of
compounds isolated from the pyroligneous acid,
Rhizophora apiculata. Food Chemistry, 107: 1151-
1160.

Marchand LL 2002. Cancer preventive effects of fla-
vonoids - A review. Biomed Pharmacotherapy, 56:
296-301.

Miladi S, Damak M 2008. In vitro antioxidant activi-
ties of Aloe vera leaf skin extracts. Journal de la
Société Chimique de Tunisie, 10: 101-109.

Miller MJ, Sadowska-krowicka H, Chotinaruemol S,
Kakkis JL, Clark DA 1993. Amelioration of chronic
ileitis by nitric oxide synthase inhibition. The Jour-
nal of Pharmacology and Experimental Therapeu-
tics, 264: 11-16.

Nair AG, Pradeesh S, Devi Chinmayee M, Mini I, Swap-
na TS 2013. Diplazium esculentum: A wild nutrient-
rich leafy vegetable from Western Ghats. Prospects
in Bioscience, 1: 293-301.

Nisha P, Abdul Nazar P, Jayamurthy P 2009. A com-
parative study on antioxidant activities of different
varieties of Solanum melongena. Food and Chem-
ical Toxicology, 47: 2640-2644.

Nwanna EE, Ibukun EO, Oboh G, Ademosun AO, Boli-
gon AA, Athayde M 2014. HPLC-DAD analysis and
in-vitro property of polyphenols extracts from
(Solanum aethiopicum fruits on α-Amylase, α-Glu-
cosidase and angiotensin -1- converting enzyme ac-
tivities. International Journal of Biomedical Sci-
ence, 10(4): 272-281.

Nyadanu D, Lowor ST 2015. Promoting competitive-
ness of neglected and underutilized crop species:
Comparative analysis of nutritional composition of
indigenous and exotic leafy and fruit vegetables in
Ghana. Genet Resour Crop Evol, 62(1): 131-140.

Pillai LS, Nair BR 2013. Proximate composition, min-
eral elements and anti-nutritional factors in Cleome
viscose L. and Cleome burmanni W. & A. (Cleo-
maceae).  International Journal of Pharm Science,
5(1): 384-387.

Plazas M, Prohens J, Cunat AN, Vilanova S, Gramazio
P, Herraiz FJ, Andujar I 2014. Reducing capacity,
chlorogenic acid content and biological activity in a
collection of scarlet (Solanum aethiopicum) and
Gboma (S. macrocarpon) eggplants. Int J Mol Sci,
15(10): 17221-17241.

Prieto P, Pineda M, Aguilar M 2006. Spectrophoto-
metric quantitation of antioxidant capacity through
the formation of a phosphomolybdenum complex:
Specific application to the determination of vita-
min E. Analytical Biochemistry, 269: 337-341.

Raigón MD, Prohens J, Munoz-Falcon JE, Nuez F 2010.
Comparison of eggplant landraces and cultivated
varieties for fruit content of phenolics, minerals,
dry matter and protein. Journal of Food Composi-
tion Analysis, 21: 370-376.

Ramamurthy CH, Kumar MS, Suyavaran VSA, Ma-
reeswaran R, Thirunavukkarasu C 2012. Evaluation
of antioxidant, radical scavenging activity and
polyphenolics profile in Solanum torvum L. Fruits.
Journal of Food Science, 77(8): C907-C913.

Rollet Labelle E, Grange MJ, Elbim C, Marquetty C,
Gougerot-Pocidalo MA, Pasquier C 1998. Hydroxyl
radical as a potential intracellular mediator of poly-
morphonuclear neutrophil apoptosis. Free Radical
Biology and Medicine, 24: 563-572.

Sathyanarayana N, Sunitha P, Suresh VC, Marimuthu
K, Sreeramanan S, Xavier R 2016. In vitro Anti-
oxidant assay, HPLC profiling of polyphenolic com-
pounds, AAS and FTIR spectrum of Malaysian ori-
gin Solanum torvum fruit. Indian Journal of Phar-
maceutical Education and Research, 50(2): 511-
520.

Senga KP, OpotaOnya D, Tamba VA, Tona Lutete G,
Kambu Kabangu O, Covaci A, Apers S, Pieters L,
Cimanga K 2013. Chemical composition and nutri-
tive value study of the seed oil of Adenanthera
pavonina L. (Fabaceae) growing in Democratic Re-
public of Congo. International Journal of Pharmtech
Research, 5(1): 205-216.

Yu L, Haley S, Perret J, Harris JW, Qian M 2002. Free
radical scavenging properties of wheat extracts. Jour-
nal of Agricultural and Food Chemistry, 50: 1619-
1624.

Yu W, Zhao Y, Shu B 2004. The radical scavenging
activities of Radix puerariae isoflavanoids: A chemi-
luminescence study. Food Chemistry, 86: 525-529.

Zahin M, Aqil F, Ahmad I 2009. The in vitro antioxi-
dant activity and total phenolic content of four In-
dian medicinal plants. International Journal of Phar-
macy and Pharmaceutical Science, 1: 88-95.

Paper received for publication on December 2017
Paper accepted for publication on January 2018


