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ABSTRACT
Objective: The aim of this present study was to evaluate the effect of temperature on polyphenolic contents and antioxidant capacity of different
parts (whole fruit, pulp and peel) of dark-purple and white eggplant variety cultivated in different regions of south Algeria.
Methods: Folin-Ciocalteu method and cyclic voltammetry assays have been applied to quantify the polyphenolic contents and antioxidant capacity
of dried and frozen dark-purple and white eggplant verities.
Results: High phenolic content was found for peel of dark-purple variety in following order fresh (548.77 mg GA/g) > frozen (106.11) > dry (93.48).
The antioxidant capacity of different parts of eggplant was measured using ascorbic acid equivalent antioxidant capacity assays. Antioxidant
capacity is in the order, peel of fresh dark-purple eggplant (324.34 mg AA/g) > whole fruit of frozen dark-purple eggplant (182.69 mg/g) > peel of
fresh white eggplant (89.52 mg/g).
Conclusion: Our results indicate that antioxidant capacity and phenolics content of eggplant varied depending on the part of the fruit and of the
eggplant cultivar analyzed. Correlation of phenolic content and antioxidant capacity shows excellent linearity, which demonstrates that phenolic
compounds have a significant contribution to the total antioxidant capacity. Finally, cyclic voltammetry results suggest that ethanolic extract of
different parts of eggplant do not reveal similar electrochemical responses to that of ascorbic acid suggesting a different electro-active chemical
composition.
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INTRODUCTION
Eggplant or aubergine (Solanum melongena L) a non-tuberous crop of
Solanaceae family was first domesticated in southern India from the
wild nightshade and can exist under different size, shape, and colour,
depending on the cultivar. Fruits are purple, white or striped [1] and
are ranked amongst the top ten vegetables in terms of antioxidant
capacity due to the fruit phenolic and flavonoic constituents [2].
Extracts from eggplant are effective for curing a number of diseases,
including cancer, high blood pressure, and hepatosis due to content of
anthocyanins and strychnine [3,4]. 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.
The total phenolic contents and antioxidant activity of eggplant of
many countries have been widely studied by many scientific research
groups [5-9], however only a few information concerning the total
phenolic contents and antioxidant activity of eggplant from Algeria can
be found in literature.
This motivated us to explore the antioxidant capacity and the total
phenolic contents of south Algerian eggplants.
The objective of this study is to quantify, using cyclic voltammetry,
the polyphenolic content and antioxidant capacity of the ethanolic
extract of south Algerian eggplants [10-17].
MATERIALS AND METHODS
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.
Plant material
Dark purple and white eggplant fruits were purchased fresh from a
local market in Guemar (Algeria), in November 2011. After
collection, the samples were analysed for phenolic contents and
antioxidant evaluation within 8 months after harvest.

For each variety of eggplant, we prepared three types of sampling
(material to be extracted) as follows: fresh dark purple eggplant
labelled as FDPE, fresh white eggplant labelled as FWE, dry dark
purple eggplant labelled as DDPE, dry white eggplant labelled as
DWE, frozen dark purple eggplant labelled as GDPE and frozen white
eggplant labelled as GWE.
Extraction of eggplant constituents
Fresh eggplant samples
Immediately after receipts of fresh eggplant, all samples were peeled
using a knife kitchen, the pulp and the peels of the fruit were
separated. Each part was chopped into small pieces. The fresh
samples (5 g) were then extracted with 100 mL of ethanol for 2
hours using Soxhlet extractor. The samples were then filtered using
Whatman filter No. 4 paper; the filtrate was recovered and
evaporated at reduced temperature and pressure. All dry fractions
were sealed in a glass flask and stored at low temperature until
used.
Dry eggplant samples
Each part of fresh eggplant (peel, pulp and whole fruit) was cleaned,
air dried for 4 weeks and ground to a powder. The powdered
samples were treated in the same manner as fresh eggplant samples.
Frozen eggplant samples
The frozen parts of the fruit (peel, pulp and whole fruit) were
ground in a food-mixer and treated in the same manner as fresh
eggplant samples.
Total phenolic content
The total phenolic contents of the eggplant samples were measured
using a colorimetric Folin-Ciocalteu method [18]. 0.1 mL of the
extract was diluted with ultrapure water to 1 mL; 0.5 mL of FolinCiocalteu 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
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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 100 g of dry extract.
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 2Cl2
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 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 [19,20].

The Total phenolic content values of different parts extract ranged
from 548.77 mg GA/g for fresh peel of dark purple eggplant sample
to 7.30 mg GA/g for frozen pulp of white eggplant sample (see Table
1). In general, the phenolic content decreased in the order fresh >
frozen > dry. Also the phenolic content of different parts of ethanolic
extracts decreased as follows: peel > whole fruit > pulp. [2, 21] found
similar results on eggplant cultivars from Japan and Korea.
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 g/L), with
a correlation coefficient of R2 = 0.998.
The total antioxidant capacity was calculated based on the following
equation:
TAC = C1/C2

RESULTS AND DISCUSSION
Total phenolic content
[

Table 1: Total phenolic content (mg gallic acid
equivalents/100g dry extract) of different parts of eggplant
cultivars
Cultivar
DDPE
DWE
FDPE
FWE
GDPE
GWE

Eggplant parts
Whole fruit
30.88
22.96
20.14
30.51
317.36
58.88

6

Pulp
26.80
35.06
24.13
25.29
23.87
7.30

Peel
66.29
93.48
548.77
87.82
106.11
27.33

Where TAC is total antioxidant capacity, C1 is the eggplant sample
extract concentration (g/mL), C2 is the sample concentration in the
electrochemical cell (g/mL) calculated by replacing the current
density obtained from different voltammograms of sample extracts
in the equation y = 126.03x + 1.929. Antioxidant capacity of ﬁve
eggplant varieties from Thailand [8] and Nigeria [22] showed higher
antioxidant capacity.
Evaluation of antioxidant capacity of fresh eggplant samples
Figure 1 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 eggplant in pH 7, 0.2 M phosphate buffer solution at scan rate 100 mV/s.
The total antioxidant capacity expressed as mg AA /100g 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/100g of dry extract) of different parts of the two different varieties of eggplant
Variety
DDPE

FWE

Parts
Whole fruit
Pulp
Peel
Whole fruit
Pulp
Peel

Antioxidant capacities (mg AA/g)
10.91
11.83
324.34
5.40
89.52
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As it can be seen from table 2, the ethanolic extracts of peel 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 5.40 mg/g for the whole fruit of dark purple variety.
However the pulp of white eggplant variety does not have any
measurable antioxidant capacity using cyclic voltammetry
techniques.

Evaluation of antioxidant capacity of dry eggplant samples
As it can be seen from Figure 2 each voltammogram of different
parts of dark purple and white eggplant represent two peaks, one
for oxidation and another for reduction.
The AEAC of different parts of studied eggplant extracts calculated in
the same manner as for fresh eggplant is summarized in Table 3.
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Fig. 2: Cyclic voltammograms of different parts of eggplant in pH 7, 0.2 M phosphate buffer solution at scan rate 100 mV/s

Table 3: Antioxidant capacities (mg ascorbic acid/100g of dry extract) of different parts of eggplant varieties.
Variety
DDPE

Parts
Whole fruit
Pulp
Peel
Whole fruit
Pulp
Peel

DWE

Antioxidant capacities (mg AA/g)
14.82
16.54
66.78
21.27
30.56
75.62

AEAC values for different parts of studied eggplant indicate that peel
extracts of both variety white and dark purple eggplant samples was
the most effective with the highest AEAC value equal to 75.62 to
66.78 mg AA/g, followed by the pulp of white eggplant 30.56 to
16.54 mg AA/g and finally the whole fruit around 21.27 to 14.82 mg
AA/g. A statistically significant difference in antioxidant capacity
was found between ethanolic extracts for peel in one hand and the
whole fruit and the pulp of both eggplant varieties in the other hand.
No significant difference was found between the ethanolic extracts
of the whole fruit and the pulp of eggplant variety.
Evaluation of antioxidant capacity of frozen eggplant sample
Ethanolic extract of different parts of dark purple and white
eggplant also shows an oxidation and reduction peaks see Figure 3.
The ascorbic acid equivalent antioxidant capacity (AEAC) of
different parts of studied eggplant extracts calculated from the

equation y = 126.03x + 1.929 obtained from the calibration graphs
for ascorbic acid is summarized in Table 4.
AEAC values for different parts of ethanolic extracts of studied
eggplant indicate that the whole fruit of the dark purple eggplant
samples have the highest AEAC value (182.69 mg/g) followed by the
peel of the same variety 62.96 mg/g. No significant difference was
found between the other ethanolic extracts of different parts of
eggplant variety.
Correlation between
antioxidant capacity

4

phenolic

contents

and

total

A direct correlation between total phenolic contents and total
antioxidant capacity was demonstrated by linear regression
analysis. The two parameters showed a high correlation coefficient
of R2 = 0.999, (see Figure 4).
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Fig. 3: Cyclic voltammograms of different parts of frozen eggplant in pH 7, 0.2 M phosphate buffer solution at scan rate 100 mV/s.
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Table 4: Antioxidant capacities (mg ascorbic acid/100g of dry extract) of different parts of eggplant varieties
Variety
GDPE

Parts
Whole fruit
Pulp
Peel
Whole fruit
Pulp
Peel

GWE

Antioxidant capacities (mg AA/g
182.69
20.46
62.96
14.31
6.17
16.43
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Fig. 4: Correlation of total phenolic content and antioxidant capacity for extract from different parts of eggplant (A) peel extract, (B) pulp
extract and (C) whole fruit extract
CONCLUSION
The present study demonstrated the in vitro effect of drying and
freezing on antioxidant capacity and polyphenolic contents of dark
purple and white eggplant varieties. It is clear from these in vitro
assays that drying or freezing eggplant fruits affect antioxidant
capacity and polyphenolic contents. The results show that out of two
cultivars studied, fresh peel of dark purple eggplant variety appears
to have the highest antioxidant capacity followed by the whole fruit
of frozen dark purple variety and peel of fresh white.
The total phenolic content was also evaluated; the results show that
the peel of fresh dark purple eggplant variety has the highest total
polyphenolic contents. Significant correlations were found between
antioxidant activities and total amounts of polyphenolic contents.
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