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ABSTRACT

Polyphenolic compounds and antioxidant activity in eggplants (Solanum melongena L.) seem
to depend on cultivar, maturity stage, environmental conditions and the part of the fruit. In
this work, the polyphenolic content and antioxidant activity of pulp, whole fruit and peel from
fresh dark-purple and white eggplant varieties cultivated in Southern Algeria were measured.
Total phenolic content were determined by Folin-Ciocalteu test, and antioxidant activity
measured using cyclic voltammetry. Correlations between antioxidant activity and total
phenolic content were also examined. Within each cultivar, the total phenolic content and
antioxidant activity were highest in the peels, followed by the whole fruit and the pulp. In the
peel, whole fruit and pulp the dark-purple eggplant had the highest total phenolic contents and
the highest total antioxidant activities.
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1. INTRODUCTION#

Eggplant (Solanum melongena L.) originating from Asia is one of the most widespread
vegetables in the world [1], is consumed throughout the world and contains a variety of
phytochemicals such as phenolics and flavonoids that provide important health benefits [2].
Phenolics show high biological activity [3-5]. They have antioxidant, antibacterial and
immunostimulant properties. There is a big diversity of eggplant cultivars on the market
varying in shape, size and color, the most common ones being dark purple or violet [1].
Eggplant fruit commonly known as aubergine, melanzana, garden egg, brinjal, or patlican is
ranked amongst the top ten vegetables in terms of antioxidant capacity due to the fruit
phenolic constituents [6]. The two varieties cultivated eggplant in Algeria; are dark purple and
white and are widely used in cooking; their highest growing season is from November to
January. As only a few information concerning the total phenolic contents and antioxidant
activity of eggplant from Algeria can be found in literature [7], the present study aimed to:

v' Determine the phenolic content that exist in two south Algerian eggplants varieties,

v" Measure the in vitro antioxidant activities,

v' Determine correlations between antioxidant activities and total phenolic content.

2. RESULTS AND DISCUSSION

2.1. Total phenolic content

Polyphenols, the large group of phytochemicals, are known to act as antioxidants [11,12].
Table 1 shows the total phenolic content of different parts of two eggplant varieties (FDPE
and FWE) from Algeria. The Total amounts of phenolics values of different parts extract

ranged from 548.77 mg to 15.29 mg GA/ g extract (see Table 1).
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Table 1. Total phenolic content (mg gallic acid equivalents/ g dry extract) of different parts of

eggplant cultivars

EF AF
Cultivar
Whole fruit  Pulp Peel =~ Whole fruit Pulp  Peel
FDPE 20.14 24.13  548.77 19.47 23.78 82.31
FWE 30.51 2529 87.82 15.43 15.29 41.30

Eggplant peels in two fraction (EF and AF) possess higher contents of total phenolic
compounds compared to pulp and whole fruit but the peel of FDPE cultivar showed
significantly higher phenolic content as compared to the FWE. Among all different parts of
two eggplant varieties studied, significant differences in total phenolic content were found in
comparisons between FDPE and FWE, and significant differences from each other were
found between EF and AF.

In general, the phenolic content of different parts of ethanolic extracts decreased as follows:
peel > whole fruit > pulp for FWE whereas decreased in the following order: peel > pulp >
whole fruit for FDPE.

2.2. Evaluation of antioxidant capacities

In order to express the antioxidant capacity of different parts of the eggplant extracts in
equivalent terms of ascorbic acid equivalent antioxidant capacity (AEAC), different
concentrations of the standards ascorbic acid (0.018 to 0.190 g/L) were plotted verses the
anodic current density obtained from different cyclic voltammograms at pH 7 in 0.2 M
phosphate buffer solution as a supporting electrolyte using a 3 mm-diameter glassy carbon
electrode. The equation obtained from the linear calibration graph in the studied concentration
range for ascorbic acid is, y = 126.03x + 1.929 (where y represents the value of the anodic
current density and x, the value of standards concentration, expressed as mg/mL), with a
correlation coefficient of R* = 0.998.

The total antioxidant capacity was calculated based on the following equation (1),

TAc=S (1)

2
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Where TAC is total antioxidant capacity, C; is the eggplant sample extract concentration
(mg/mL) calculated by replacing the current density obtained from different voltammograms
of sample extracts in the equation y = 126.03x + 1.929, C, is the sample concentration in the
electrochemical cell (g/mL).

Figure 1 and 2 show different voltammograms of different parts of dark purple and white
eggplant, each voltammogram shows one oxidation peak and one reduction peak. This
reversible electrochemical behavior may indicate that, under this electrochemical conditions,

the ethanolic eggplant extract contain a different polyphenolic content of that of the standard

ascorbic acid.
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Fig.1. Cyclic voltammograms of different parts of fresh dark purple eggplant in pH 7, 0.2 M

phosphate buffer solution at scan rate 100 mV/s
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Fig.2. Cyclic voltammograms of different parts of fresh white eggplant in pH 7, 0.2 M

phosphate buffer solution at scan rate 100 mV/s
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The total antioxidant capacity expressed as mg AA/g of dry extract of different parts of
eggplant extracts calculated from the equation y = 126.03x + 1.929 obtained from the

calibration graphs for ascorbic acid is summarized in Table 2.

Table 2. Antioxidant capacities (mg ascorbic acid/g of dry extract) of different parts of the

two different varieties of eggplant

Ascorbic acid antioxidant capacities (mg/g)

Variety parts
EF AF

Whole fruit 10.91 8.50
FDPE Pulp 11.83 6.13
Peel 324.34 59.33
Whole fruit 5.40 1.63
FWE Pulp - 1.50
Peel 89.52 17.50

Like the total phenolic content, also the antioxidant activity varies considerably depending of
the part of the fruit and of the eggplant cultivar analyzed. As it can be seen from table 2, the
ethanolic fraction of peel extracts have the highest AEAC values of 324.34 and 89.52 mg/g
for dark purple and white eggplant respectively, followed by pulp of dark purple variety and
finally 10.91 and 5.40 mg/g for the whole fruit of dark purple and white variety respectively.
However the pulp of white eggplant variety does not have any measurable antioxidant
capacity using cyclic voltammetry techniques. On the other hand, the higher antioxidant
values  of  eggplant peels is due to the presence of  nasunin
(delphinidin-3-p-coumaroylrutinoside-5-glucoside ), the most common eggplant anthocyanin
present in the dark purple of eggplant peels. The presence of which was first reported by
Kuroda and Wada [1,13]. Also, it was shown that anthocyanins extracts from eggplant peel
extracts exhibited higher antioxidant values [1]. The results of this study were consistent with
a number of previous studies which state that eggplants possessed strong antioxidant capacity

and that the value varied between eggplants parts and cultivars [2,7,14].
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There was a significant positive correlation between total phenolic content and antioxidant

activity and in pulp; whole fruit and peel (see Figure 3).
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Fig.3. Correlation of total phenolic content and antioxidant capacity for extract from different

parts of eggplant (A) ethanolic Fraction, (B) aqueous Fraction

3. EXPERIMENTAL

3.1. Materials and methods#

3.1.1. Chemical

Ethanol (99%), was purchased from Sigma-Aldrich Co. ascorbic acid (99.7%), sodium
carbonate (99%), were both purchased from Merck Co. Folin-Ciocalteu reagent was
purchased from biochem chemopharma Co (Canada). all other reagents used were of
analytical grade.

3.1.2. Plant material

Dark purple and white eggplant fruits were purchased fresh from a local market in Guemar
(EI-Oued), Algeria in November 2011. After collection, the samples were analysed for

phenolic contents and antioxidant evaluation.

Fresh Dark Purple Eggplant (FDPE) Fresh White Eggplant (FEW)

Fig.4. Two varieties of eggplant used in this study
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3.1.3. Extraction of eggplant constituents

Immediately after receipt of fresh eggplant, all eggplant samples was cleaned and peeled
using a kitchen knife, and the pulp and the peel of the fruit were separated. Each part was
chopped into small pieces. The fresh samples were then extracted with130 mL of ethanol for 2
hours using Soxhlet apparatus. The samples were then filtered using Whatman filter N°. 4
paper; the filtrate was recovered and evaporated using a rotavapor at reduced temperature and
pressure. After evaporation the residue was re-dissolved in ethanol and filtered (this consist
the ethanolic fraction EF), the remaining insoluble materials were re-dissolved in water and
filtered (this consist the aqueous fraction AF). All dry fractions were sealed in a glass flask
and stored at low temperature until used.

3.1.4. Total phenolic content

The total phenolic contents of the eggplant samples were measured using a colorimetric
Folin-Ciocalteu method [8]. 0.1 mL of the extract was diluted with ultrapure water to 1 mL;
0.5 mL of Folin-Ciocalteu reagent diluted ten fold with ultrapure water was then added. After
a period of 3 minutes, 2 ml of saturated sodium carbonate solution was added. The mixture
was incubated at room temperature for 30 minutes. The absorbance was measured against a
blank at 760 nm using Shimadzu UV-Vis-1800 spectrophotometer. The measurement was
compared to a standard curve of prepared gallic acid solutions (10 points from 3 to 300 mg/L)
and expressed as milligrams of gallic acid equivalents per gamme of dry extract.

3.1.5. Evaluation of antioxidant capacity

The measurement of the antioxidant capacity of the studied eggplant samples was performed
using an electrochemical method based on cyclic voltammetry techniques. Cyclic
voltammetry measurements were performed using PGP301 potentiostat (radiometer analytical
SAS) connected to an electrochemical cell with a volumetric capacity of 50 mL containing a
glassy carbon working electrode, a Pt wire counter electrode and an Hg/Hg,Cl, reference
electrode. The potential was swept in direct scanning mode starting from -200 to +1000 mV
with a scanning rate of 100 mV/s. The antioxidant capacity was obtained using the current
density of the anodic curve of the voltammogram. The calibration graph is obtained by

plotting the current density of the anodic curve of the voltammogram of each sample of the
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standard versus its concentration. Ascorbic acid was used as a standard in the calculation of
antioxidant capacity of the studied sample of eggplant because of its wide spreading in nature
and also because its anodic current density displays excellent linearity toward ascorbic acid
concentrations [9, 10].

In this study we investigated relations between fruit color, polyphenols, and antioxidant
activities of two eggplant cultivars. The polyphenol content and antioxidant activities for the
dark purple eggplant were different from that of the white eggplant cultivars .The fresh dark
purple cultivar eggplant showed significantly higher phenolic content and antioxidant activity
as compared to white. Considering the results for different parts of two cultivars studies, fresh
peel of dark purple eggplant variety has the highest antioxidant capacity. The antioxidant

activity of the two fresh cultivars correlated well with the total phenolic content.
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