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This study aimed to investigate the biochemical content and antioxidant activity of
methanol extracts prepared from Synsepalum dulcificum dried fruits. The results obtained by
phytochemical screening of the extracts revealed the presence of some pharmacologically
active chemical compounds such as: alkaloids, flavonoids, phenolic compounds and
tannins. Quantitative analysis showed that the seeds had phenols in greater amounts
(157.88 + 2.09 mg GAE /g dry matter) than dried fruit pulp (54.09 £ 2.24 mg GAE /g dry
matter). Contrariwise, flavonoid content was found to be low in seed (0.013 £ 0.02 mg EQ/g)
and high in fruit pulp (0.13 = 0.05 mg EQ/g). Correlated with the high amount of
total phenol, in the seed extracts was found a good antioxidant activity — measured by both
DPPH and ferric reducing antioxidant power (FRAP) assays. This antioxidant capacity
may be also correlated with the amount of alkaloids, flavonoids, tannins and phenolic
compounds, and as well as with their synergistic interactions. Synsepalum dulcificum
fruits can be used as a healthy source of additives for the food industry or as natural
antioxidants for the pharmaceutical industry.
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Experimental approaches targeting the biochemical and antioxidant potential of Synsepalum dulcificum dried fruits

Introduction

Synsepalum dulcificum (miraculous fruit) is a shrub
native to tropical West Africa whose fruits have a large
seed that is surrounded by a thin layer of red berry flesh
with a faint cherry-like flavour (G.E. INGLETT and
D. CHEN [1]). The fruits have low sugar content and a
slightly sweet taste. They contain a glycoprotein molecule,
with several carbohydrate chains, called miraculin
(K. KURIHARA and BEIDLER LM. [2]) hence the name
of miraculous fruit. When the fleshy part of the fruit is
ingested, this molecule binds to the taste buds of the tongue
causing the sweet taste of acidic foods (G.E. INGLETT and
J.F. MAY [3]. At neutral pH, miraculin binds and blocks
taste receptors, but at low pH (resulting from ingestion of
sour foods), miraculin binds proteins and becomes capable
of activating sweet receptors an effect lasting up to about
30 minutes. In addition to the unique potential of fruits to
make the sour taste sweet, the pigment in the red fruit peel
could be a natural food ingredient (R. BUCKMIRE and
F. FRANCIS [4]). Other beneficial characteristics of this
fruit are the antioxidant, antibacterial and antitumor proper-
ties (T.Y. CHEN & al [5]; L.Q. DU & al [6]; S.L. LU & al
[7]; J. SEONG & al [8]; S.A. STANNER & al [9]) that
are due to the different amides existing in the miraculous
fruit. Apart from the above, another effect observed in this
fruit was its anti-diabetic effect, which was tested in rats
(C.C. CHEN & al [10]). Medical studies have shown that
it is possible to reduce and prevent the risk of chronic
diseases by enhancing the natural antioxidant defense of
the body or by supplementing the diet with natural anti-
oxidants (S.A. STANNER & al [9]; R. MARCHIOLI & al
[11]). In the last years, the medicinal properties of plants
have been investigated due to their potent antioxidant
activities with no side effects and economic viability
(B. AUUDY & al [12]; N.R. BHALODIA & al [13]).

This study aimed to investigate biochemical com-
position (phenol compounds, flavonoids, alkaloids, and
tannins) and antioxidant activities of dried fruit extracts
of Synsepalum dulcificum.

Materials and Methods

Plant material

Dried fruits of Synsepalum dulcificum were pur-
chased from the London market (UK). The fruits pulp was
separated from the seeds and ground individually to a fine
powder before analysis.

Extraction procedure

Each powdered sample of dried fruit pulp or seed
(1g) was separately mixed with 10 mL methanol and stored
at 250C. After 24 hours, the mixtures were filtered and
concentrated under reduced pressure in a rotary evaporator
(Biichi Rotavapor R-200). The dried extracts were diluted
with methanol to the concentration of 0.01 mg / mL and
were used directly for analyses.

Preliminary phytochemical screening
The pulp and seed methanol extracts were screened
for the presence of various compounds. Tests for

alkaloids, flavonoids, phenolic compounds and tannins
were carried out according to the methods described in
literatures (J.B. HARBORNE [14]). For phytochemical
tests between 0.5 and 1.0 ml of each extract was used.
The results were expressed based on the intensity of the
color developed by the reaction and were noted with:
“+++” highly present, “++” moderately present, “+” low
and “-“absent.

Phenolic content analysis

Spectrophotometric determination of the total phenol
content from extracts was performed according to the
Folin — Ciocalteu method (V.L. SINGLETON & al [15])
and the absorbance measurement at 765 nm. The total
values of phenols were expressed in mg Gallic acid
equivalent (EAG)/ml sample. The measurements were
obtained using an Eppendorf UV / Vis spectrophotometer.
The concentration of phenols (mg EAG / ml) in the samples
was determined based on the standard calibration curve
obtained for different concentrations of Gallic acid
(50-500 mg/ml). Total phenol content was determined
using the formula: TPC=C x DF x V /M (S. GOUVEIA
and P. CASTILHO [16]), where: TPC — Total phenol
content (mg GAE /g dry matter); C = the concentration
determined from the calibration curve (mg EAG /ml);
DF = dilution factor; V = Extraction volume (ml);
M = mass of plant material from extract (g).

Flavonoid content analysis

The total flavonoid content from the extracts was
determined by the colorimetric method with aluminum
chloride (C. PIYANETE & al [17]). Quercetin was used as
the standard agent. For this purpose, a calibration curve for
quercetin was performed. Thus, from quercetin stock
solutions (5 mg / ml) were prepared methanol dilutions with
different concentrations (0.1, 0.5, 1.0, 2.5 and 5 mg / ml).
To 100 pl of each quercetin methanol dilution were added
sequentially: 500 pl of distilled water, 100 pl of 5%
sodium nitrate, 150 pl of 10% aluminum chloride and
200 ml of 1 M sodium hydroxide solution. The absorbance
of this reaction mixture was measured at 510 nm using
a UV spectrophotometer (Eppendorf UV-VIS).

Total flavonoid content in the samples was deter-
mined based on the standard calibration curve obtained
for different quercetin concentrations using the formula:
TFC=CxDFxV /M (S. GOUVEIA and P. CASTILHO
[16]), where: TFC — Total flavonoid content (mg EQ / g dry
matter); C = Quercetin concentration (mg EQ / ml)
determined from the calibration curve; DF = dilution factor;
V = Extraction volume (ml); M = mass of plant material
from extract (g).

Determination of antioxidant activity

DPPH radical scavenging activity assay

DPPH (2.2-diphenyl-1-picrylhydrazyl) assay was
performed according to A. BRACA & al [18] protocol.
To 200 ul of each sample extract of different concentra-
tions (10-100 pg / ml) were added 2 ml of 0.004% DPPH
methanol (0.1 mM) solution. After 30 minutes of incuba-
tion in the dark, at room temperature, the color change from
dark purple to light yellow was determined at 517 nm
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compared to 1 ml methanol (blank), using a UV spectro-
photometer (Eppendorf, UV-VIS).

Different concentrations of ascorbic acid (10-200
pg/ ml) were used as a standard agent. The absorbance
of the DPPH solution, without extract or standard agent,
was used as a control. The percentage of free radicals
elimination (RSA %) was calculated using the formula:

ik Abs control — Abs sample -
= X
2 Abs control

where: RSA% = Radical Scavenging Activity; Abs control =
absorbance of the control solution (DPPH + methanol)
and Abs sample = absorbance of DPPH + sample.
The dependence of the transformation percentage (RSA %)
on the concentration of the extract was plotted and the
IC 50 (mg / ml) (50% Inhibition Concentration) calculated
as the concentration of the sample for which 50% inhi-
bition of DPPH free radicals takes place.

Ferric reducing antioxidant power (FRAP) assay

The reducing power of the extracts was determined
according to the method established by M. OYAIZU [19],
with modifications. Thus, various concentration of test
sample extracts (10-100 pg/ml) in 1 ml deionized water
were mixed with 2.5 ml of phosphate buffer (0.2 M, pH 6.6)

and 2.5 ml of 1% potassium ferricyanide [K3 Fe (CN) 6].
The mixtures were incubated at 50°C for 20 minutes.
After incubation, the mixtures were treated with 2.5 ml
10% tri-chloroacetic acid and centrifuged at 3000 rpm for
10 minutes. The top layer, obtained after centrifugation,
was mixed with 2.5 ml distilled water and 0.5 ml of 0.1%
ferric chloride (FeClI3). The absorbance of the solutions
was measured at 700 nm in spectrophotometer (UV/VIS
Eppendorf). Higher absorbance of the reaction mixture
indicated an increased reducing power. Ascorbic acid
(800 pg / ml) at concentrations between 10-200 pg / ml was
used as standard agent.

Statistical analysis

All values are expressed as mean =SD of three
parallel measurements. Statistical analyses were performed
using Microsoft Office Excel 2010.

Results and Discussions

Phytochemical screening

The results of preliminary phytochemical screening
of the extracts are shown in Table 1.

The tests revealed the presence of alkaloids,
flavonoids, phenolic compounds and tannins in mostly all
extracts (Figure 1).

Tablel. Phytochemical profile of S. dulcificum pulp and seeds extracts

Phytoconstituent Regent/test Color change Presence
Pulp Seed

Alkaloids Wagner Reddish-brown ++ %

Flavonoids Alkaline test Brown /yellow ++ +
Phenols Folin-Ciocalteu Dark blue ++ +H++
Tannins Ferric chloride Green - blue +++

Note: +++: highly present, ++: moderately present, +: low, -: absent

P S P S "S P S

Alkaloids Flavonoids

Phenols Tannins

Figure 1. Presence of some chemical compounds in pulp (P) and seed (S) extracts

These phytochemical compounds are well known to
have biological activities. Phytochemicals like alkaloids
are low present in seed extract and moderately in pulp
extract. Phenols and tannins are highly present in seed
extracts. Contrariwise, in pulp extract phenols are present
moderately. Also, in pulp are present a moderately content
of alkaloids, flavonoids and phenols. No tannins was found
in pulp extract (see Figure 1).

Total phenols and flavonoids content

Total amount of phenols were expressed in mg GAE / g
dry matter. Results showed that the highest amount of
phenolic compounds was identified in methanol seed

extracts with 157.88+2.09 mg GAE / g, followed by fruit
pulp extracts with 54.09+2.24 mg GAE / g (Table 2).

Other authors shown that skin and pulp methanol
extracts of Synsepalum fresh fruits had a higher phenolic
content than seed methanol extracts (G.E. INGLETT &
D. CHEN [1]). Results obtained in this study may be due
to the fact that analysis was done on dried fruits, thus
the pulp losing a part of the phenolic constituents during
drying. Phenol compounds are considered to be potential
antioxidants with ability to scavenge free radicals due to the
presence of their phenolic hydroxyl groups (F. SHAHIDI
& P.K.J. WANASUNDARA [20]).
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Total flavonoid content was expressed as mg EQ /g
dry matter (Table 2). Results showed a low flavonoid
contend in both methanol extracts: 0.13 £ 0.05 mg EQ /g
in pulp and 0.013 £ 0.02 mg EQ/g in seed extracts. These
results are consistent with those obtained by other authors

who found that the skin and pulp of miracle fruit have
higher flavonoid content than seeds (G.E. INGLETT &
D. CHEN [1]). Flavonoids are secondary metabolites
naturally occurring in plants. Total phenolic and flavonoid
contends of tested extracts are presented in Table 2.

Table 2. Phenolic and flavonoid contends of S. dulcificum in pulp and seed extracts

Sample Total phenolic Total flavonoid
content content
(mg GAE/g dry (mg EQ/g dry
matter) matter)
Pulp extracts 54.09 £2.24 0.13=0.05
Seed extracts 157.88 £2.09 0.013 =0.02

Values represent mean (n=3) +SD.

Antioxidant activities

Antioxidants (phenols, flavonoids, alkaloids) are
usually involved in several mechanisms like: inhibition
of free radical generation, enhancement of scavenging
capacity against free radicals, and etc. In this case, no
single assay can accurately reflect antioxidant activities in
a mixed products. Therefore, it is necessary to use at least
two different methods to evaluate the antioxidant capa-
cities of a product (M. ANTOLOVICH & al [21]). In this
study, two antioxidant assays, which were DPPH radical
scavenging activity and ferric reducing antioxidant power
(FRAP) were applied to evaluate the antioxidant properties
of the methanol extracts of S. dulcificum seed and fruit pulp.

DPPH free radical scavenging activity
DPPH method is one of the universal tools for
estimating the anti-oxidative activities of the different

a DFPH seed extracts
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Figure 2. DPPH radical scavenging activities

These data suggest that the antioxidant activity of
the seed extract is higher than that of the pulp extract.
These findings show that there is a correlation between a
good antioxidant activity of the seed extract and the content
of phenols, alkaloids, flavonoids and tannins identified in
this part of the fruit. It is known that phenolic compounds
are mainly responsible for antioxidant activities.

Ferric reducing antioxidant power (FRAP) activity
The total antioxidant activity of the extracts was
evaluated by the ferric reducing antioxidant power assay

products (G.E. MENG & al [22]). This method is based on
the spectrophotometric measurement of DPPH concen-
tration changes resulting from the DPPH radical reaction
with an antioxidant. A suitable reducing agent donates
electron / hydrogen to DPPH resulting in the colour loss
of the solution, from purple to yellow. The reduction
capacity of DPPH is determined by decrease in its
absorbance at 517 nm. As standard solution was used
ascorbic acid (800 pg/ml) at different concentrations
(10-200 pg/ ml). The 1C% value of ascorbic acid was
found to be 61.19. The ascorbic acid is known to have free
radical scavenging activities associated with strong anti-
oxidative activities. 1IC% values of the test samples were
210.24 pg/ml in seed extract and 258.9 pug/ml in pulp
extract. The RSA% activities of the extracts are shown
in Figure 2.

b DFPH pulp extracts

¥=0.015 0046453
F -naadd

R&4 %

465

Concentration (pgfml)

(RSA %) of seed (a) and pulp extracts (b)

(FRAP). The ferric reducing capacity of extracts is based
on the reaction with potassium ferricyanide (Fe3+) to form
potassium ferricyanide (Fe2+) which than react with
ferric chloride to form a complex that has a maximum
absorption at 700 nm. A higher absorbance indicates a
higher reducing power of the tested samples.

Our data indicated that FRAP activity of the
S. dulcificum samples increases in amount with sample
concentration (Table 3).
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Table 3. Reducing power activity of methanol extracts at various concentrations

Fruit extract Concentration (ng/ml) Reducing power activity (FRAP)

Pulp 10 21.20=1.14
20 42.06=1.57
30 56.44=2.99
40 75.3+2.84
50 101.08=1.42
100 160.93=1.70

Seed 10 44 .8 £1.67
20 77.39 £0.53
30 86.46 =2.02
40 108.26=3.92
50 12444 £2.39
100 201.36 £2.06

Values represent mean (n=3) +SD

From these data we can conclude that the reducing
power activity of the extracts increase depending on
concentration. Among the tested samples, the seed
extracts of S. dulcificum showed the highest reduction

350
300
250
200
150
100

50

¥=2.719x+11.632
R*=0.9779

FRAP %

¥] 20 40 60 &0
Conzentration {pgml)

100 120

power activity at the same concentration. The reducing
power shows a good linear relation in both standard and
sample extracts (Figure 3).

b
200
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8
o 103 =
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Figure 3. Ferric reducing power of seeds (a) and pulp (b) extracts

Conclusions

The results obtained in this present study suggests
that antioxidant activity, investigated by DPPH and FRAP
assays, was higher in seeds extract compared with the
fruit pulp extract of S. dulcificum.

The preliminary phytochemical investigation indi-
cated that, compared to the fruit pulp, the seeds of
S. dulcificum contains phenols and tannins in high
amount along with other compounds like alkaloids and
flavonoids. The antioxidant activity was significantly
correlated with the high amount of total phenols
compounds identified in seed extracts. Results obtained in
this study may be due to the fact that analysis was done
on dried fruits, thus the pulp losing a part of the phenolic
constituents during drying. Based on these results it is
concluded that fruits of S. dulcificum can be used as a
source of healthy additive or natural antioxidants in food
or in pharmaceutical industries. Further studies need to
be conducted to identify compounds in the fresh fruits of
S. dulcificum, which are correlated with the antioxidant
activity.
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