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ABSTRACT

vital organs.

Cyphomandra betacea (Cav.) Sendtn. (Solanaceae) is commonly known as ‘Tree Tomato’. It is a common shrub, which widely grows
in the Darjeeling Himalaya. The fruits are good sources of provitamin A, vitamin C, Bg, E and iron. This study was conducted to
determine the antioxidant activities of methanol extracts from five different parts (placenta, endocarp, epicarp, seed and mesocarp)
of this fruit. Antioxidant activities were evaluated by DPPH (2,2-diphenyl-1-picryllhydrazyl) radical, nitric oxide (NO), hydroxyl radical
(OH), superoxide scavenging activity, metal chelating, reducing power (RP) and anti-lipid peroxidation. Placenta and endocarp
showed significantly higher superoxide scavenging and metal chelating activity whereas inhibition of lipid peroxidation was much
better in mesocarp. Therefore, different parts of C. betacea fruit mainly placenta, endocarp and epicarp are potential functional
food ingredient and their incorporation into human diets might provide protection and help to reduce oxidative damage in different

Keywords: Cyphomandra betacea, Antioxidant, Free-Radical, Phytochemicals.

INTRODUCTION

Cyphomandra betacea (Cav.) Sendtn. is domesticated
plant in the hills of Darjeeling and commonly known as
‘Tree Tomato’. The fruits are eaten fresh, cooked in stews
and sauces, prepared as chutney, pickles as well as
directly consumed with salads. C. betacea mature fruit
juice is traditionally used in Ecuador for the treatment of
tonsillitis, high cholesterol and stomach pain.' This fruit,
naturally acidic, is recommended for its nutritional
qualities, as a good source of provitamin A, vitamin E, C,
Bsand iron.?® The fruit has significant amount of bioactive
phytochemicals like carotenoids, anthocyanins and
phenolic compounds.6 Fruits and vegetables may protect
against numerous chronic diseases including carcinoma,
cerebro- and cardiovascular stroke, ocular and
neurological disorders”® due the presence of such type of
antioxidant constituents, like vitamin C, R-tocopherol,
carotenoids, glutathione, flavonoids, and phenolic acids.’
The potential of the antioxidant constituents of plant
materials for the maintenance of health and protection
from chronic diseases has also raised interest among
scientists and food manufacturers as consumers move
towards functional foods with specific health effects.” A
great number of aromatic, medicinal, spice and other
plants contain chemical compounds exhibiting
antioxidant properties. Oxidative process is one of the
most important routes for producing free radicals in
foods, drugs and even in living systems." The most
effective path to eliminate and diminish the action of free
radicals which cause the oxidative stress is antioxidative
defense mechanisms. It has been established that
oxidative stress is among the major causative factors in
induction of many chronic and degenerative diseases
including atherosclerosis, ischemic heart disease, ageing,
diabetes  mellitus,  cancer,  immunosuppression,
neurodegenerative diseases and others.* Several widely

consumed vegetables are rich in various phenolic
compounds and vitamins which are the main source of
natural antioxidant. Among vegetables, tomato (Solanum
lycopersicum L.), eggplant (Solanum melongena L.), chilli
pepper (Capsicum annuum L.), and potato (Solanum
tuberosum L.), which belong to the solanaceae family, are
important for their richness with healthy components,
due to which they are also widely consumed.” But C.
betacea is a plant which belongs to this family and its use
is mainly restricted only in the hilly region as vegetables.

The aim of the present study was to investigate the
different parts of the fruits of C. betacea from Darjeeling
hills as a potential functional food and antioxidant source,
as an alternative to synthetic compounds. In this work we
have determined the radical scavenging efficacy of
different parts of this fruit as well as the phytonutrients
like total carotene, lycopene, anthocyanin, total phenolics
and flavonol.

MATERIALS AND METHODS

Plant materials

Ripe and fresh C. betacea fruits were collected from
Sorang Basti, Darjeeling, West Bengal, India. Different
parts of this fruits like placenta, endocarp, epicarp, seed
and mesocarp were surgically separated. The plant
material was authenticated from Taxonomy and
Environmental Biology Laboratory, Department of
Botany, University of North Bengal. The material was
deposited in the ‘NBU Herbarium’ and recorded against
the accession no 9579 dated 04-03-09.

Animal material

Goat liver, which was used for anti-lipid peroxidation
assay, was collected from slaughter house immediately
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after slay. Experiment was conducted within one hour
after collection.

Chemicals

Methanol (M), 2.2-diphenyl-1-picryl hydrazyl (DPPH),
nitroblue tetrazolium (NBT), reduced nicotinamide
adenine dinucleotide sodium salt monohydrate (NADH),
phenazine methosulphate (PMS), sulfanilamide, glacial
acetic acid, napthylethylenediamine dihydrochloride,
ferrozine, ferrous chloride, trichloroacetic acid (TCA),
thiobarbituric acid (TBA), FeSO,.7H,0, KOH, KH,PO,
ethylene-diamine tetra acetic acid (EDTA), ascorbic acid,
vitamin-E, 2-deoxyribose, potassium ferricyanide, ferric
chloride (FeCl3), hydrogen peroxide (H,0,), sodium
nitroprusside, gallic acid, Folin-Ciocaltue reagent, sodium
carbonate (NayCOs), sodium nitrite (NaNO,), aluminum
chloride (AICl;), acetone, petroleum ether, sodium
sulphate, and sodium hydroxide (NaOH) were either
purchased from Sigma Chemicals (USA), or of Merck
analytical grade.

Extraction and determination of methanol extractive
values

Fresh parts of tree tomato were extracted by standard
solvent extraction method.'** The plant materials were
ground into fine paste and separately extracted with
methanol under soxhlet extractor for eight hours. The
solvents were completely removed by vacuum rotary
evaporator at 50°C. These crude extracts were used for
further investigation. The extractive value of the plant
materials were calculated on dry weight basis from the
formula given below:
Weight of dry extract

Percent extractive value (yield %) = x 100
Weight taken for extraction

Antioxidant activity assay
DPPH scavenging activity assay

The free radical scavenging capacity of different parts of
tree tomato was determined by using DPPH (16). 0.1 mM
solution of DPPH in methanol was prepared. 1.8 ml of this
solution was added to 0.2 ml of test solutions at different
concentrations (40 mg/ml-200 mg/ml FWT) in different
test tubes. Thirty minutes later, the absorbance was
measured at 517 nm. Methanol was used as a blank. The
percentage of free radical scavenging activity was
calculated as follows:
Abs. of control — Abs. of sample

Percent inhibition of DPPH radical = x 100
Abs. of control

IC5o values denote the concentration of sample, which is
required to scavenge 50% of DPPH free radicals.

Determination of Hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity was determined by
using the 2-deoxyribose oxidation assay."’ A solution (0.2
ml) of 10 mM FeSO,, 7H,0 and 10 mM ethylenediamine
tetraacetic acid was prepared in a screw capped test

tube. Then, 0.2 ml of 10 mM 2-deoxyribose solution, 0.5
ml of each sample (different concentration) and 0.1M
sodium phosphate buffer (pH 7.4) were added to give a
total volume of 1.8 ml. Finally, 200 ul of 10 mM H,0,
solution were added and incubated at 37°C for 120 min.
After incubation, 1 ml each of 2.8% trichoroacetic acid
and 1.0% thiobarbituric acid were added to the reaction
mixture. The mixture was boiled at 100°C for 10 min,
cooled in ice, and then its absorbance was measured with
a spectrophotometer at 515 nm. The ICso value was
calculated by the same process mentioned above.

Determination of superoxide anions scavenging activity

The superoxide anions generated by phenazine
methosulphate  (PMN) and  nicotinamide-adanine
dinucleotide-phosphate, reduced form (NADPH), were
detected by the reaction with 2,2"-di-p-nitrophenyl-5,5"-
diphenyl-(3,3"-dimethoxy-4,4"-diphenylene) di-
tetrazolium chloride (nitro blue tetrazolium-NBT)."® The
reaction mixture contained 1 ml of different samples
(different concentration), 1 ml of NBT solution (312 uM
prepared in phosphate buffer, pH-7.4) and 1ml of NADH
solution (936 UM prepared in phosphate buffer, pH-7.4).
Finally, the reaction was accelerated by adding 100 L
PMS solution (120 uM prepared in phosphate buffer, pH -
7.4) to the mixture. The reaction mixture was incubated
at 25°C for 5 min and absorbance at 560 nm was
measured against methanol as control. Percentage
inhibition and ICsy value was calculated using the same
formula mentioned above.

Determination of reducing power

One milliliter of fruit extract, 2.5 ml sodium phosphate
buffer (0.2 M, pH 6.6), and 2.5 ml potassium ferricyanide
(1% w/v) were incubated at 50°C for 20 minutes. The tube
was cooled on ice and 2.5 ml 10% trichloroacetic acid was
added. The mixture was centrifuged at 3000 rpm for 10
minutes to collect the upper layer of solution (2.5 ml) and
mixed with distilled water (2.5 ml) and 0.25 ml of FeCl;
(0.1% w/v). Finally, the absorbance was measured at 700
nm against blank sample.*

Metal chelating assay

The chelating activity of the extracts for ferrous ions Fe*
was measured according to the method of Dinis et al.
with slight modification.”® To 0.4 ml of methanol extract
diluted with 1.6 ml of methanol, 0.04 ml of FeCl, (2 mM)
was mixed. After 30 s, 0.8 mL ferrozine (5 mM) was
added. Then after an interval of 10 min at room
temperature, the absorbance of the Fe®*—Ferrozine
complex was measured at 562 nm. The chelating activity
of the extract for Fe?" was calculated by the same
procedure mentioned above.

Anti-lipid peroxidation (ALP) assay

Lipid peroxidation was measured in vitro with the extracts
of liver homogenate of male goat in terms of formation of
thioburbituric acid reactive substances by the method of
Dhalwal et al.”* 0.1 ml of the plant samples were
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individually added to 2.8 ml of 10% liver homogenate and
0.1 ml of 50 mM FeSO4 The reaction mixture was
incubated at 37°C for 30 min. 1 ml of reaction mixture
was mixed with 10% TCA-0.67% TBA (2 ml) in acetic acid.
Then the combination was boiled for one hour at 100°C
and centrifuged for 5 minutes at 10000 rpm. Supernatant
was used for measuring absorbance at 535 nm. Blank
contained all reagents except liver homogenate and
extract. Control was prepared by mixing all reagents
without extract and FeSO, and iron induced sample was
organized by mixing all reagents devoid of extract. ALP
percentage was calculated by using the following formula:

Abs. of Fe** induced peroxidation — Abs. of sample
ALP% = x 100
Abs. of Fe** induced peroxidation — Abs. of control

Determination of Nitric oxide activity

Nitric oxide was generated from sodium nitroprusside
and measured by the Greiss reaction.”” Briefly, 320 L
methanol extract, 360 uL (5mM) sodium nitroprusside-
PBS solution and 216 L Greiss reagent (1% sulfanilamide,
2% HsPO, and 0.1%  napthylethylenediamine
dihydrochloride) was mixed and incubated at 25°C for
one hour. 2 ml water was added and absorbance was
taken at 546 nm. The percent inhibition was calculated by
the same procedure mentioned above.

Phytochemical Estimation
Total phenol estimation

Total phenolic compounds of fruit extracts were
determined by Folin-Ciocalteu method.? For the
preparation of the calibration curve, 1 ml aliquot of 0.025,
0.05, 0.075, 0.1, 0.2 and 0.3 mg/ml methanolic gallic acid
solution was mixed with 5 ml of Folin-Ciocaltue reagent
(10 times diluted) and 4 ml sodium carbonate (75 g/L).
The absorbance at 765 nm was measured after 1 hr. at
20°C and the calibration curve was drawn. To the similar
reagent, 1 ml methanolic fruit extracts (10 mg/ml) was
mixed as described above and after 1 hr. the absorbance
was measured.

Total flavonoids estimation

Aluminum chloride spectrophotometric method was used
for flavonoids estimation.?® Each fruit extracts (0.5 ml of
200mg/ml FWT) were separately diluted with 4 ml double
distilled water. Diluted extracts of fruits were mixed with
5% (0.3 ml) NaNO,, 10% aluminum chloride was then
added with reaction mixture. After 6 minute 2ml (1.0 M)
NaOH and 2.4 ml distilled water was added and mixed
well. Thereafter, absorbance was measured at 510 nm in
spectrophotometer. For preparation of standard curve,
quercetin (0-500 mg L) was used.

Determination of total anthocyanin content

Total anthocyanins content was measured using a
spectrophotometric pH differential protocol described by
Giusti and Wrolstad, and Wolfe et al. with slight
modifications.?** Briefly, 0.5 ml of the extract was mixed
thoroughly with 3.5 ml of 0.025 M potassium chloride

buffer pH 1. The mixture was mixed with vortexing and
allowed to stand for 15 min. The absorbance was then
measured at 515 and 700 nm against distilled water
blank. The extract was then combined similarly with 0.025
M sodium acetate buffer pH 4.5, and the absorbance was
measured at the same wavelength after being allowed to
stand for 15 min. The total anthocyanin content was
calculated by using the following equation:

Total anthocyanin content (mg/100 g of dried sample) = A
X MW x DF x1000/(e x C), where A is absorbance = (A515
— A700)pH 1.0 — (A515-A700)pH 4.5; MW is a molecular
weight for cyanidin-3-glucoside = 449.2; DF is the dilution
factor of the samples, e is the molar absorbtivity of
cyanidin-3-glucoside = 26900; and C is the concentration
of the buffer in mg/ml. Results were expressed as mg of
cyanidin-3-glucoside equivalents in 100 g of fresh sample
(mg c¢-3-g eq./100 g FWT).

Estimation of lycopene content

Lycopene content was measured spectrophotometrically
at one of its absorption maxima.?® 5 ml of methanolic fruit
extract was dissolved with 15 ml of acetone. The extract
was transferred to a separating funnel containing about
20 ml of petroleum ether and mixed adequately. To it,
about 20 ml of 5% Na,SO, solution was added and gently
shaken. 20 ml of petroleum ether was added again to the
funnel for clear separation of the two layers. The upper
layer was mostly coloured. The two phases were
separated and the lower aqueous phase was re-extracted
with 20 ml of petroleum ether until the aqueous phase
become colourless. The petroleum ether extract was
pooled and washed once with a little distilled water. The
petroleum ether extracts enriched with lycopene was
transferred into a brown bottle containing about 10 gm
anhydrous Na,SO, and kept aside for 30 minutes.
Petroleum ether extract was decanted into a 100 ml
volumetric flask through a funnel containing cotton wool.
The Na,S0, slurry was washed with petroleum ether until
it became colourless and was transferred to the
volumetric flask. Finally the volume was made up and the
absorbance was measured in a spectrophotometer at 503
nm using petroleum ether as blank. The lycopene content
was calculated by the formula:-

3.1206 x final volume x Mean value
Lycopene Content =

Initial weight of the sample
Where, 1 0.D = 3.1206 pg/gm
Estimation of the total carotene content

Total carotenoids were estimated spectrophotometrically
through solubility based solvent partitioning followed by
hydrolysis of bound carotenoid esters with concentrated
KOH solution® 1 ml of methanolic fruit extract was
mixed with 2 ml of petroleum ether in separating funnel.
Two layers of aqueous phase were observed. The upper
phase was collected whereas the lower phase was
decanted, this procedure was repeated thrice. The
collected upper phase containing carotenoids was
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evaporated at 37°C and the residue was dissolved in 2 ml
of ethanol. 2 ml of aqueous 60% KOH was added to the
residue mixture and boiled for 5 to 10 min. 2 ml of water
was then added and partitioned thrice with petroleum
ether and evaporated. To the reaction mixture 2.5 ml of
ethanol was added and the absorbance was taken at 450
nm. The carotene content was calculated by the formula:-
DxVxFx10

Carotene Content = --------ssmeesmmenaneus mg
2500

Where, D = Absorbance value.
V = Volume of original extract in ml.
F = Dilution factor.
2500 = Average extinction coefficient of the pigment.
Statistical analysis

The data were pooled in triplicate and subjected to
analysis of correlation co-efficient matrix using SPSS
(version 12.00) for drawing the relation between
phytochemical properties and antioxidant attributes and
MS Excel of Microsoft Office, 2007 was used for
comparing the antioxidant attributes of different fruit
parts. Smith’s Statistical Package (version 2.5) was used
for determining the ICs, values of antioxidants and their
standard error of estimates (SEE). In order to examine
and visualize relationships  between different
phytochemicals and antioxidant traits, a principal
component analysis (PCA) based on the correlation matrix
was calculated using Multivariate Statistical Package
(MVSP 3.1).

RESULTS AND DISCUSSION

The extractive yields of five different parts of tree tomato
fruits were presented in Figure 1. Relatively higher
extraction yields were obtained from mesocarp and
epicarp than other parts like endocarp, seeds and
placenta. The highest extraction yield was found in the
methanol extract from the mesocarp with 8.95%, while
the seed part (3.25%) had the lowest extraction yield.
These results showed that the extraction yield varied with
methanol, indicating that each part of this fruit consists of
different components. Several studies reported the
increase of extraction yield by the action of pectinases,
cellulases and hemicellulases.”’”*® Reduction of particle
size increases the polyphenols extraction rate and the
extraction yield. The fruits like tomato have superior level
of phenolic compounds (flavonoids, flavones, cinnamic
acid derivatives), phytoalexins, protease inhibitors,
glycoalkaloids and carotenoids, but especially enriched
with lycopene and B-carotene.?** Similar results were
obtained in case of tree tomato fruits, which are rich in
total phenolics. Figure 2 shows that the total phenolic
contents were highest in the placenta (4.11 mg/g) of this
fruit. Simple phenolic derivatives and polyphenolic
compounds, such as flavonoids, are widely found in food
products derived from plant sources and they have been
shown to possess significant antioxidant activities.* Total

flavonoid contents were also determined to be
accumulated in higher amount (0.199 mg/g) in placenta
than the other fruit parts of tree tomato (Figure 3).
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Figure 1: Determination of extractive values of different
parts of C. betacea fruits.
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Figure 2: Total phenol content (mg/g FWT) of different
parts of C. betacea fruits.
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Figure 3: Total flavonoid content (mg/g FWT) of different
parts of C. betacea fruits.
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Figure 4: Anthocyanin content (mg/g FWT) of different
parts of C. betacea fruits.

According to Vasco et al. (2009) both purple-red and
golden-yellow varieties of C. betacea have high
absorbance at 520 nm due to their anthocyanin content.®
Parallel results were found when anthocyanin contents of
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tree tomato were measured in our research. Figure 4
showed the anthocyanin content of each extract at
concentration of 25 mg/ml fresh weight tissue. Extracts
from the placenta of tree tomato fruits demonstrated the
presence of significant amount of total anthocyanin (1.21
mg/100g) than the extracts from other fruit parts. It is
well known that along with phenolics, carotenoids are
responsible for bright colours and these chemical class
acts as antioxidant, with functions that include protection
of membranes against damage by free radicals and
retardation of ageing processes.34 Figure 5 exhibited the
spectrophotometric measurement of total carotenoids
based on absorbance at 470 nm after petroleum ether
partitioning from agqueous alkaline phase of extracts. The
results revealed that the placenta (0.601 mg/100g),
endocarp (0.588 mg/100g) and epicarp (0.498 mg/100g)
of the fruit of tree tomato are affluent with this
component. The seed extracts presented the lowest
value. These carotenoids are yellow, orange, and red
pigments present in all plant tissues. Lycopene is the main
carotene, accumulated significantly in ripe tomato
fruits.® This pigment is a powerful natural antioxidant
that acts as most efficient singlet oxygen quencher in
vitro among common carotenoids® and plays a
determinant factor in reducing the mortality from several
cancers.*”® Like carotene, similar results were also found
in case of lycopene content. In Figure 6, it is clear that
significant amount of lycopene was present in placenta
(0.512 pg/g), epicarp (0.554 pg/g) and endocarp
(0.435ug/g), when compared with other two parts of tree
tomato fruit. During oxidative stress, large quantities of
reactive oxygen species like hydrogen peroxide,
superoxide, hydroxyl radical, singlet oxygen and nitrogen
species are generated and it is now recognized that there
is no single test to evaluate antioxidant activities of the
compounds with wide spectra of structures, modes of
action, and physico-chemical properties; thus different
assays were employed as a part of our investigation.
DPPH assay has been largely used as a quick, reliable, and
reproducible parameter to search the in vitro general
antioxidant activity of pure compounds as well as plant
extracts.** The potential antioxidant activities of
different parts of tree tomato fruit extracts were
evaluated by this method and the results were shown on
Figure 7. The ability of free radical scavenges were
determined by change of stable purple to yellow colour.
As shown in the figure, extracts from placenta and
endocarp parts had relatively strong DPPH scavenging
activity (low IC5 value), exhibiting high antioxidant
capacity compared to extracts from epicarp, seed and
mesocarp. The ICsy values for hydroxyl radical (Figure 8),
superoxide scavenging ability (Figure 9), and reducing
power capability (Figure 10), showed a similar trend with
those for DPPH. It was observed that purple red variety of
tree tomato showed higher hydroxyl radical scavenging
activity than golden yellow variety due to the presence of
greater amount of anthocyanin pigment.** The potentially
reactive hydroxyl radicals can cause oxidative damage to
DNA, lipids and proteins; the effect of fruit extracts on the

inhibition of free radical mediated deoxyribose damage
was assessed by means of iron (ll)-dependent DNA
damage assay, which showed significant results.*? On the
other hand superoxide radical anions are potential
precursors of hydroxyl radical and play an important role
in the formation of reactive oxygen species such as
hydrogen peroxide, hydroxyl radical, and singlet oxygen.*®
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Figure 5: Total carotene content (mg/100g FWT) of
different parts of C. betacea fruits
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Figure 6: Lycopene content (ug/g FWT) of different parts
of C. betacea fruits
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Figure 7: DPPH radical scavenging (ICsp) activity of
different parts of C. betacea fruits
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Figure 8: Hydroxyl scavenging (ICso) activity of different
parts of C. betacea fruits
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Figure 9: Superoxide scavenging (ICso) activity of different
parts of C. betacea fruits
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Figure 10: Reducing Power of different parts of C. betacea
fruits

Results of superoxide anion scavenging activities of
different parts of tree tomato fruit, measured by the
PMS-NADH superoxide generating system are shown in
Figure 9. Figure 10 showed the reducing potential of
different parts of fruit extracts at concentration of 100
mg/ml (FWT) and the capacity of reducing power of
these extracts increased in a concentration dependent
manner (data not shown). The values of the absorbance
for the tested extracts at a concentration of 100 mg/ml
was determined in this assay and the absorbance is
ranged from 0.521 to 0.999 and followed the order of
effectiveness as: endocarp (0.999) > placenta (0.943) >
epicarp (0.923) > seed (0.852) > mesocarp (0.521). In
general, the extracts of the tested fruit materials,
exhibiting greater total phenol content, also depicted
good reducing power in the present analysis. The
reducing potential of antioxidant components is very
much associated with their total phenol content. The fruit
or seed extracts with higher level of total phenolics also
exhibit greater reducing power in monocot species like
wheat under different bio-physical stresses.** In addition,
some phenolic compounds exhibit antioxidant activity
through the chelation of metal ions.* Chelating agents
may inhibit radical generations by stabilizing transition
metals, consequently reducing free radical damage.
Phenolic compounds may be permitting that bond to
metal ions due to their chemical structures. The
observation of the present study has shown the chelating
activity and ferrous ion capturing before ferrozine
formation. The formation of ferrous and ferrozine
complex has helped in inhibition of lipid peroxidation. In
the presence of chelating agents, red colour of the
complex was decreased due to the disruption in the
complex formation. From Figure 11 it was revealed that

all the fruit parts impeded with the formation ferrous-
ferrozine complex, suggesting that the fruit has high
chelating activity and captured ferrous ion before
ferrozine. It was found that mesocarp of tree tomato fruit
possessed high anti-lipid peroxidation with ICsy oOf
19.5mg/ml (Figure 12). Phenolic compounds are very
important plant constituents because they exhibit
antioxidant activity by inactivating lipid free radicals, or
by preventing the decomposition of hydroperoxides into
free radicals.” Table 1 also confirmed that point through
the high correlation between phenolic content with anti-
lipid peroxidation activity against goat liver. Like anti-lipid
peroxidation, the scavenging activity against nitric oxide
was optimal in the mesocarp portion (ICso of 9.65 mg/ml)
of tree tomato (Figure 13).
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Figure 11: Metal chelating (ICsp) activity of different parts
of C. betacea fruits.
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Figure 12: Anti-lipid peroxidation (ICsp) activity of
different parts of C. betacea fruits.
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Figure 13: Nitric oxide scavenging (ICsp) activity of
different parts of C. betacea fruits.

Other authors also suggested that the crude extracts of
certain plants under the family solanaceae like Solanum
melongena L., Solanum tuberosum L. Lycopersicon
esculeutum Mill. potentially scavenge nitroprusside
induced nitric oxide generation in vitro."” The extracts
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inhibit nitrite formation by competing with oxygen to
react with nitric oxide directly and also to inhibit its
synthesis. Scavengers of nitric oxide compete with oxygen
leading to reduced production of nitric oxide which is a

diffusible free radical that plays many roles as an
effectors molecule in diverse biological systems including
neuronal messenger, vasodilatation and antimicrobial and
antitumor activities.?

Table 1: Correlation matrix

DPPH SO MC NO ALP
SO 0.763
MC  0.922(*)  0.589
NO  -0472 0046  -0.758
ALP 0707 -0.880(*) -0.672 0.225
OH 0.433 0758 0099 0524 -0.578
RP  -0.926(*) -0.806 -0.943(%) 0546  0.829
EV 0270 0179  -0.143 0098 -0.474
TPC 0814 -0.953(%) -0.705 0.156 0.970(**)
TFC  -0.899(*) 0502  -0.789 0428  0.330
CARO 0570  -0472  -0.394 0136 -0.141
Lyco  -0511  -0.166  -0.318 0.047 -0.190
ANTHO -0349  -0711  -0.058 -0.496 0.635

OH RP EV  TPC TFC  CARO  LYCO
-0.305

0077  -0.027

-0.692 0864 -0.272

-0284 0709 0664 0502

-0.180 0285 0.936(*) 0.082 0.866

-0.182 0235 0.939(*) 0.040 0.819 0.992(**)
-0.972(**) 0261 -0271 0697 0131 -0.024 -0.034

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).

DPPH: 2,2-diphenyl-1-picryl hydrazyl; SO: Superoxide radical; MC: Metal chelating; NO: Nitric oxide; ALP: Anti-lipid peroxidation; OH: Hydroxyl radical;
RP: Reducing power; EV: Extractive value; TPC: Total phenol content; TFC: Total flavonol content; CARO: Total carotene content; LYCO: Lycopene
content; ANTHO: Anthocyanin content; FWT: Fresh weight tissue; c-3-g: Cyanidin-3-glucoside; eq.: Equivalent.

Several previous studies have evaluated the relationship
between free-radical scavenging capacity and bioactive
secondary metabolites.”**® The results achieved with
Pearson’s correlation have shown that DPPH ICs, values
were more associated with total flavonol content than
accessory pigments like total carotene, lycopene and
anthocyanin (Table 1). As represented in Table 1, the
strong negative correlation between ICs, values of specific
free radical scavengers and different bioactive
polyphenols deserves detailed attention. Basically
antioxidants are reducing agents and are capable of
donating a single electron or hydrogen atom for
detoxifying free radicals.”® In this study, the cohesiveness
of superoxide scavenging activity with total phenol
content and hydroxyl radical scavenging with anthocyanin
indicated that free hydroxyl groups present in phenolics
and anthocyanin-based phytochemicals play important
role as reducing agent. The ferric reducing power of
different parts of C. betacea fruits were also highly
correlated with DPPH radical scavenging and metal
chelating capacity. Arnous et al. reported a strong
correlation between DPPH free radical scavenging ability
and ferric ion reducing capacity of wines.” Pulido et al.
also suggested that ferric ion reducing capacity correlates
with the results from different methods used to estimate
antioxidant activity.* In order to clarify which group of
compounds mainly contributes to the antioxidant activity,
principal component analysis (PCA) were performed and
analyzed. The data matrix was standardized by an auto-
scaling procedure to furnish same importance to all
parameters. When PCA was performed with all
phytochemical and antioxidant parameters across all the
different parts of C. betacea fruit, PCA identified two

uncorrelated linear combination of measurements that
account for 80.17% (Figure 14); with first principal
component (PC1) and the second principal component
(PC2) account for 50.68 and 29.48% of the total variability
respectively.
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Figure 14: Principal component analysis of DPPH, SO, MC,
NO, ALP, OH, RP, EV, TPC, TFC, CARO, LYCO and ANTHO.

From the distribution profile of loading factors of
different phytochemical groups, it is apparent that
hydrophilic antioxidants are regulated by PC1, whereas
PC2 mainly contributes to the antioxidant capacity
through hydrophobic interaction. Among them, DPPH,
MC and SO were found to be similarly loaded on PC1,
which indicated that the three properties are closely
associated with primary antioxidant activity. Inverse
relationship between the groups DPPH, MC and SO verses
TFC, TPC and RP indicated that the polar metabolites like
free phenolics and flavonoids and the reducing ability of
the same metabolites are responsible for lowering the
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ICso values of specific free-radical scavengers. PC2, on the
other hand, loads highly on the plant extracts’ ability to
inhibit ALP on negative domain and hydrophobic
antioxidants like carotene and lycopene on positive
domain. So, anti-lipid peroxidation activity is controlled
principally by hydrophobic carotenoids group. Moderate
values of nitric oxide scavenging and anthocyanin on both
components pointed out that nitric oxide scavenging
potential is not so significant and the presence of
anthocyanin does not necessarily translate into primary
antioxidant property in C. betacea fruit.
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Figure 15: T.S. of the C. betacea fruit

CONCLUSION

The study indicates that the methanol extract obtained
from different parts of edible fruit of C. betacea contain
high amount of phenolics and flavonoids. It also exhibited
significant antioxidant activity mainly in placenta and
endocarp. The high radical scavenging activity may be due
to hydroxyl groups existing in phenolic compounds that
can able to reduce free radicals by donating additional
electron. In the longer term the constituents of the fruits
of C. betacea, mainly from placenta and endocarp, as
having high antioxidant activity, can be used as functional
food ingredients and may unravel novel treatment
strategies for various disorders associated with oxidative
stress induced damage in different vital organs of human
being.
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