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Abstract: The optimum conditions for extraction of total phenolic contents 
(TPC) and maintaining the highest antioxidant activity from eggplant were 
determined. Extraction experiments were carried out by investigating the 
effects of the solvent nature (acetone, ethanol, methanol, or water), solvent 
concentration (30­90%), extraction temperature (30­100°C), extraction time 
(30­120 min), solid to solvent ratio (1/25­1/100 g/mL), and number of extrac­
tions (1, 2 and 3) on the recovery of phenolic compounds and antioxidant activ­
ity of the extracts. The TPC was assessed to determine the polyphenolic compo­
nent while free radical scavenging activity (FRSA) and ferric­reducing power 
(FRP) were used to evaluate the antioxidant activity of eggplant extracts. All 
extraction parameters had significant effects (p<0.05) on the TPC extraction 
and the antioxidant activities. The best conditions were obtained using three 
extraction steps with aqueous acetone 70% (v/v) at 25°C for 60 min and with 1 
g/50 mL solid to solvent ratio. The optimum extraction conditions exhibit the 
TPC concentrations of 794.94 mg GAE/100 g and antioxidant activities of 737.86 
mg TE/g (FRSA) and 28.00 mg TE/g (FRP). The free radical scavenging and ferric­
reducing potentials were found to be positively significantly correlated with 
phenolic content under the influence of all extraction parameters. 
 
 
1. Introduction 
 
     Eggplant (Solanum melongena L.) commonly known as brinjal, is an 
economically important common vegetable grown and consumed 
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throughout the world. It is a good source of phenolic 
compounds (Jung et al., 2011; Salerno et al., 2014; 
Arkoub­Djermoune et al., 2016; Dranca and Oroian, 
2017; Sharma et al., 2019), vitamins and minerals, 
especially iron, compared to other commonly con­
sumed vegetables, and it is nutritionally comparable 
to tomato (Kalloo, 1993). It is ranked amongst the 
top ten vegetables in terms of oxygen radical 
absorbance capacity due to the fruit phenolic con­
stituents (Cao et al., 1996) which are powerful 
antioxidants (Jung et al., 2011; Piao et al., 2014; 
Scorsatto et al., 2017; Sharma et al., 2019). 
     Studies have shown that eggplant extracts sup­
press the development of blood vessels required for 
tumor growth and metastasis (Matsubara et al., 
2005), and inhibit inflammation that can lead to ath­
erosclerosis (Han et al., 2003). Extracts from eggplant 
fruit skin have been demonstrated to possess high 
capacity in scavenging of superoxide free radicals and 
inhibition of hydroxyl radical generation by chelating 
ferrous iron (Kaneyuki et al., 1999; Noda et al., 2000; 
Boulekbache­Makhlouf et al., 2013). Superoxide radi­
cals generated in vivo are usually converted into 
hydrogen peroxide, and like other free radicals, can 
damage lipids, proteins, and DNA (Halliwell et al., 
1995). From the 120 vegetable species evaluated for 
antioxidant activity using four different assays (2,20­
azinobis­[3­ethylbenzthiazoline­6­sulphonic acid), 2, 
2­diphenyl­1­picrylhydrazyl radical, inhibition of lipid 
peroxidation, and Superoxide scavenging), eggplant 
ranked among the top 10 species for superoxide scav­
enging (SOS) activity (Hanson et al., 2006). Nasunin, 
an anthocyanin isolated from the skin of purple egg­
plant fruit, is one phenolic compound implicated in 
both inhibition of hydroxyl radical generation and SOS 
activity (Kaneyuki et al., 1999; Noda et al., 2000). 
     Extraction is the first step in isolation of phenolic 
compounds from plant materials. Considering the 
compositional diversity of the natural sources of 
polyphenols, as well as the structure and physico­
chemical properties of these compounds, specific 
processes must be designed and optimized for each 
phenolic source (Santos­Buelga and Williamson, 
2003; Pinelo et al., 2005). The extraction protocol 
must enable complete extraction of phenolics, as 
well as minimization of oxidation, degradation, and 
polymerization of desired products (Zuo et al., 2002). 
Many factors, such as type of solvent (water, 
methanol, ethanol, ethyl acetate, acetone, and hexa­
ne), pH, temperature, time, solid/solvent ratio, and 
extraction number, can affect the efficiency of the 
extraction process (Zuo et al., 2002; Mo et al., 2011). 

     There are several efficient extraction methods for 
determination of phenolic compounds in solid sam­
ples. These include supercritical fluid extraction (SFE), 
accelerated solvent extraction (ASE), solid­phase 
microextraction (SPME), ultrasound­assisted extrac­
tion (UAE) (Dranca and Oroian, 2017; Ferarsa et al., 
2018; Nipornram et al., 2018), and microwave­assist­
ed extraction (MAE) (Mahugo Santana et al., 2009; 
Dahmoune et al., 2013; Koyu et al., 2018). Solid­liquid 
extraction (SLE), which was used in this investigation, 
has been the method of choice of numerous 
researchers for extraction of phenolics from many 
sources (Liyana­Pathirana and Shahidi, 2005; Durling 
et al., 2007; Bachir Bey et al., 2013; Benmeziane et al., 
2014; Mokrani and Madani, 2016; Caldas et al., 2018; 
Mohd Hazli et al., 2019). Effect of extraction process 
can be generally evaluated based on a one factor one 
time approach, also known as single experiment, in 
which only one factor is variable at one time while all 
others are kept constant. The availability of phenolic 
compounds in eggplant as an antioxidant source is 
documented. However, no optimal protocols have 
been established so far for phenolic extraction from 
these vegetable. To the best of our knowledge, no 
data was reported about the effect of extracting para­
meters on the survey of phenolics from eggplant. 
     Hence, the objective of this study was to optimize 
the extraction of total phenolics compounds (TPC) 
maintaining the highest antioxidant capacity (DPPH 
free radical­scavenging activity; FRSA and ferric 
reducing power; FRP) from eggplant (Solanum melon‐
gena L.) using single factor experiments approach 
under conditions compatible with food use. The 
objective in extracting phytochemicals from their 
plant sources is to liberate these compounds from 
the vacuolar structures where they are found, either 
through rupturing plant tissue or through a process 
of diffusion. The factors that contribute to the effi­
ciency of extraction are, in particular, solvent type 
(ethanol, methanol, acetone and water), solvent con­
centration (30%, 50%, 70% and 90%, v/v), tempera­
ture (25, 50, 75 and 100°C), time (30, 60, 90 and 120 
min), solid to solvent ratio 1/25, 1/50, 1/75 and 
1/100 g/mL), and number of extraction (1, 2 and 3). 
The stability of antioxidant activities (FRSA and FRP) 
in extracts was also investigated. 
 
 
2. Materials and Methods 
 
Chemicals 
     Folin­Ciocalteu reagent was provided from 
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Biochem, Chemopharma (Montreal, Quebec). 
Sodium carbonate (Na2CO3), acetone, ethanol and 
methanol were obtained from Prolabo (made in CE). 
Potassium ferricyanide (C6N6FeK3), ferric chloride 
(FeCl3­6H2O), trichloroacetic acid, gallic acid and 
trolox from Biochem­chemopharma (UK). 1,1­
diphenyl­2­picrylhydrazyl (DPPH) was obtained from 
Sigma­Aldrich (Steinheim, Germany). 
 
Plant material 
     The fresh eggplant (Solanum melongena L.) used in 
this study was purchased from local market of Bejaia 
city (Algeria) at February 2010. After transferring at 
the laboratory, the sample was washed with distilled 
water and wiped then some tests were done on fruits 
in order to determine their physico­chemical charac­
teristics. Eggplant fruits presented a pH of 4.15, water 
content of 92.8 g/100 g FW, titratable acidity of 1.24 
g/100 g DW, total sugar content of 20.55 g/100 g DW, 
total soluble solids content (Brix) of 31.48 g/100 g 
DW and ash content of 0.55 g/100 g DW (Arkoub­
Djermoune et al., 2016). The sample was frozen at ­
20°C before analysis and a quantity of eggplant were 
mixed and used for each extraction step. 
Plant material extraction 
     Approximately 0.1 g of crushed eggplant was 
weighed in a glass vial and extracted with 10 mL of 
the extracting solvent. The mixture was shaken at a 
constant rate using a water bath shaker, centrifuged 
for 20 min at 4000 g (nüve NF 200, Ankara, Turkey), 
and filtered through a Watman filter paper. The 
extraction process was carried out in duplicate. The 
obtained filtrates extracts were subsequently used 
for the determination of total phenolic compounds 
(TPC) and antioxidant activities: DPPH­free radical 
scavenging activity (FRSA) and ferric reducing power 
(FRP) measurements. 
 
Experimental design 
     In the present study, single factor experiments 
was used to determine the optimum conditions for 
extracting phenolic compounds from eggplant. A 
total of six parameters namely extraction solvent 
(ethanol, methanol, acetone and water), solvent con­
centration (30­90%; v/v), extraction temperature (30­
100°C), extraction time (30­120 min) solid to solvent 
ratio (1/25­1/100 g/mL), and number of extractions 
(1, 2 and 3) were studied in which one parameter 
was varied at a while the other parameters were 
fixed. The optimal extracting conditions were select­
ed on the basis of the TPC, FRSA and FRP measure­
ments. 

Solvent nature and concentration 
     By setting extraction time (30 min) and tempera­
ture (25°C) and sample/solvent ratio (0.1 g/10 mL), 
samples were extracted with acetone (30%, 50%, 
70%, and 90%; v/v), ethanol (30%, 50%, 70%, and 
90%; v/v), methanol (30%, 50%, 70%, and 90%; v/v) 
and water. 

Extraction temperature 
     Using the best solvent type and solvent concen­
tration, eggplant samples were extracted at tempera­
tures ranging from 25°C to 100°C (25, 50, 75 and 
100°C). The best extraction conditions studied were 
selected according to the value of three responses 
(TPC, FRSA and FRP). 

Extraction time 
     Eggplant samples were extracted using the best 
solvent concentration and extraction temperature 
determined previously. The extracts were prepared 
by varying the extraction time from 30 min to 120 
min (30, 60, 90 and 120 min). The best extraction 
conditions studied were selected according to the 
value of three responses (TPC, FRP and FRSA). 

Solid to solvent ratio 
     Eggplant samples were extracted using the best 
solvent concentration. The extraction procedure was 
repeated by varying the sample/solvent ratio 1/25, 
1/ 50, 1/75, and 1/100 g/mL, while fixing the extrac­
tion time and temperature at 60 min and 25°C as 
determined previously. TPC and antioxidant activity 
values for consecutive extractions were added for 
determination of this parameter. 

Number of extractions 
     The final step of this experiment was to deter­
mine the effect of the extractions number. In order 
to determine this effect, the extraction setting with 
the optimal conditions selected previously: solvent 
(acetone 70%; v/v), temperature (25°C), time (60 
min) and the solid to solvent ratio (1/50 g/mL), the 
extraction was repeated three times on the solid 
residue after centrifugation of the mixture at 4000 
rpm during 20 min. 

Total phenolic compound determination (TPC) 
     The amount of TPC in eggplant extract was deter­
mined using the Folin­Ciocalteu reagent and gallic 
acid as standard as described by Velioglu et al. 
(1998). In brief, 200 µL of each extract were intro­
duced into test tubes then added with 1.5 mL of 
Folin­Ciocalteu reagent (previously diluted ten 
times). After 5 min, 1.5 mL of sodium carbonate (60 
g/L) were added. The tubes were mixed and allowed 
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to stand in darkness at room temperature for 30 min. 
Absorption at 760 nm against a blank was measured 
using a Shimadzu UV­Vis spectrophotometer (Kyoto, 
Japan). The concentration of phenolic compounds 
extracts is determined by reference to the calibration 
curve obtained under the same conditions using the 
Gallic Acid as the standard, expressed as milligram 
Gallic Acid Equivalent per one hundred gram of the 
Fresh Weight (mg GAE/100 g FW). All measurements 
were carried out in triplicate. 
 
Antioxidant activity 
     Free radical scavenging activity of DPPH. (FRSA). In 
the 1,1­diphenyl­2­picrylhydrazyl (DPPH.) assay, 
antioxidants were capable to reduce the stable radi­
cal DPPH. to the yellow colored diphenylpicrylhy­
drazine (DPPH­H). The test is based on the reduction 
of an alcoholic solution of DPPH. in the presence of a 
hydrogen donating antioxidant due to the formation 
of the non­radical form DPPH­H (Gülçin, 2007). 
     The DPPH. radical­scavenging activity of eggplant 
extracts was estimated as described by Milardović et 
al. (2006). Briefly, 100 µL of samples extract were 
mixed with 3 mL of DPPH in methanol (6.10­5M). The 
mixtures were left for 30 min at room temperature 
and its absorbance then measured at 517 nm against 
a blank. All measurements were carried out in tripli­
cate. The percentage scavenging was calculated using 
the following equation:  

DPPH­FRSA (%) = [(Acontr ­ Aextr)/Acontr] × 100 

Where Acontr is the absorbance of the control (without 
extract) after 30 min and Aextr is the absorbance of 
extract. The inhibition percentage were expressed as 
milligram Trolox Equivalent per gram of the Fresh 
Weight (mg TE/g FW). 

Ferric reducing power (FRP) 
     The ferric reducing power of eggplant extract was 
performed by using the potassium ferricyanide­ferric 
chloride method. Substances, with reduction poten­
tial, react with potassium ferricyanide (Fe3+) to form 
potassium ferrocyanide (Fe2+), which subsequently 
reacts with ferric chloride to form ferric ferrous com­
plex who has an absorption maximum at 700 nm 
(Jayanthi and Lalitha 2011).  The reducing power of 
the extracts was evaluated according to the protocol 
of Oyaizu (1986). One millitre of different concentra­
tions of the samples was mixed with phosphate 
buffer (1 mL, 0.2 M, pH = 6.6) and potassium ferri­
cyanide [K3Fe(CN)6] (1 mL, 1 g/100 mL). The mixture 
was incubated at 50°C for 20 min. Trichloroacetic 

acid (TCA) (1 mL, 10 g/100 mL) was added to the 
solution which was then centrifuged for 10 min at 
3000 g. The supernatant was gathered and mixed 
with distilled water (1.5 mL) and FeCl3 (150 µL, 0.1 
g/100 mL), and the absorbance was measured at 700 
nm, increased absorbance of the reaction mixture 
indicate an increase in reducing power. Results are 
expressed as milligram Trolox Equivalent per gram of 
Fresh Weight (mg TE/g FW). The values are present­
ed as the means of triplicate analyses. 

Statistical analysis 
     Results were analyzed using Statistica software 
(version 5.5.fr; StatSoft, Inc, Tulsa, USA). All values 
are expressed as mean ± standard deviation (SD) of 
duplicate extractions and triplicate assays. One­way 
analysis of variance (ANOVA) with the LSD (Least 
Significant Difference) test was used to determine 
significant differences (p<0.05) among the means.  
 
 
3. Results and Discussion 
 
Solvent nature and concentration  
     The selection of extraction solvent is critical for 
the complex food samples as it will determine the 
amount and type of phenolic compounds being 
extracted. Aqueous alcohols particularly acetone, 
ethanol and methanol are the most commonly 
employed in phenolic extraction from botanical 
materials (Chan et al., 2009). 
     In this study, diverse solvents, in mixtures with 
water, were used to extract antioxidant phenolic 
compounds from eggplant. All solvents used in the 
present work at different concentrations (30%, 50%, 
70%, and 90%) under the same extraction conditions 
(30 min at 25°C) were capable of extracting phenolic 
compounds (Table 1). Pure organic solvents were not 
used because obtained extracts were cloudy. 
Therefore, dilution with water to 90% was necessary. 
Solvent type had a significant influence (p<0.05) on 
TPC and antioxidant activities (FRSA and FRP). 
     The aqueous acetone (70%; v/v) extracts showed 
the highest yield of TPC (1032.16 mg GAE/100 g). 
Similar results were reported in our previous study 
(Boulekbache­Makhlouf et al., 2013) that 70% ace­
tone was better for phenolic extraction from egg­
plant byproduct (peel) than 70% ethanol, and 70% 
methanol. Kallithraka et al. (1995) found that 70% 
acetone was the best solvent for the extraction of 
grape seed phenolics especially proanthcynidins. 
     Similar to the present study, acetone:water mix­



Arkoub‐Djermoune et al. ‐ Optimization of phenolic compounds recovery of Algerian eggplant

571

in agreement with polarity of the solvent used for the 
extraction and solubility of phenolics in them since 
the polarity of acetone, ethanol and methanol is 
0.355, 0.654 and 0.762, respectively (Tan et al., 
2013). Therefore, there is no single solvent able to 
extract all of the classes of phenolic compounds from 
a sample, simultaneously. 
     Acetone is a more efficient solvent for extracting 
phenolic compounds with a high molecular weight 
such as condensed tannins. It is strongly believed 
that the higher molecular weight of the solvent, the 
lower the polarity which enable other substances of 
about the same molecular weight to be easily 
extracted. This can be associated to ‘‘like dissolves 
like” or ‘‘polarity versus polarity” principle as both 
acetone and tannins are of high molecular weight. 
Acetone has the lowest polarity but contains the 
highest total phenolic compounds value (Alasalvar et 
al., 2006; Uma et al., 2010). This would explain why 
acetone was found to be more efficient for extracting 
phenolics from eggplant. In addition, the lowest 
value of TPC was obtained with 70% ethanol, 90% 
ethanol and 50% methanol. This fact is due to a 
polarity of the solvent used for the extraction and 
solubility of phenolic compounds in them because 
these solvents due to their polarity are more effec­
tive for extracting polyphenols linked to polar fibrous 
matrices (Tabart et al., 2007) and their antioxidant 
activity depends not only on the concentration of 
polyphenols but also on their chemical structure (the 
number and position of hydroxyl groups) (Sroka and 
Cisowski, 2003). In addition, the effectiveness of phe­
nolic compounds as antioxidants does not only 

tures have been reported to be one of the most 
effective solvents for extracting phenolics from dif­
ferent natural sources. Meneses et al. (2013) and 
Mokrani and Madani (2016) demonstrated that 60% 
acetone was the best solvent for extracting antioxi­
dant phenolic compounds from brewer’s spent grains 
and peach fruit, respectively. Acetone:water mixture 
is capable to break polyphenol­protein complexes. 
This fact would explain the high efficiency of this sol­
vent to extract phenolic compounds. Downey and 
Hanlin (2016) demonstrated that mixtures of acetone 
ranging from 50% to 70% are more effective in 
extracting condensed tannins from grape skin. 
     In the other hand, it has been also demonstrated 
that acetone is more effective than other organic sol­
vents for extracting phenolics from different raw 
materials such as berries and apples (Kähkönen et al., 
2001), star fruits (Shui and Leong, 2006), onions 
(Curcic et al., 2012), barley seeds (Liu and Yao, 2007), 
beach peas (Chavan and Amarowicz, 2013), pistachio 
byproducts (Mokhtarpour et al., 2014), fenugreek 
(Mashkor, 2014) and soybean (Lien et al., 2015). 
     The result also showed that there were no signifi­
cant difference between aqueous ethanol 50%, 
methanol (30%, 70%, and 90%), and water extracts. 
However, the use of water as single solvent provides 
a cloudy extracts with a high content of impurities 
(Chirinos et al., 2007). 
     Generally, acetone is the best solvent for extract­
ing proanthocyanidins and tannins; ethanol efficient­
ly extracts flavonoids and their glycosides, catechols 
and tannins; whereas phenolic acids and catechin 
were better extracted with methanol. These facts are 

Table 1 ­ Effect of the solvent type and concentration on the extraction efficiency for TPC and antioxidant activities (FRSA and FRP) of 
eggplant 

Values are presented as means ± SD of six measurements. Values with different letters are significantly different (p<0.05).  
n= 2.  

Solvent Concentration TPC 
(mg GAE/100 g FM)

FRSA 
(mg TE/g FM)

FRP 
(mg TE/g FM)

Acetone 30% 809.06 ± 29.65 c 410.23 ± 19.78 e 18.61 ± 0.59 d
50% 785.06 ± 31.22 c 200.11 ± 10.01 h 18.78 ± 1.44 d
70% 1032.16 ± 40.04 a 648.59 ± 14.57 a 26.06 ± 0.42 a
90% 775.18 ± 26.45 c 365.85 ± 28.37 f 21.33 ± 1.09 c

Ethanol 30% 871.19 ± 32.90 b 360.30 ± 12.01 f 15.44 ± 1.58 ef
50% 641.04 ± 25.53 de 458.18 ± 34.53 d 13.78 ± 1.44 f
70% 539.38 ± 37.65 f 298.12 ± 29.32 g 17.23 ± 0.29 de
90% 512.18 ± 21.32 f 537.80 ± 25.99 bc 24.78 ± 1.13 ab

Methanol 30% 615.62 ± 38.20 e 288.55 ± 18.88 g 16.67 ± 0.44 e
50% 532.32 ± 47.23 f 305.20 ± 25.32 g 15.50 ± 1.36 ef
70% 669.28 ± 13.62 de 518.87 ± 19.36 c 22.33 ± 0.50 c
90% 708.81 ± 33.89 d 638.89 ± 19.85 a 14.00 ± 1.26 f

Water ­ 660.81 ± 23.58 de 574.80 ± 17.96 b 23.39 ± 0.48 bc



572

Adv. Hort. Sci., 2019 33(4): 567­580

depend on their composition but also influenced by 
the degree of polymerization, concentration and 
interaction of their various chemical structures with 
colorimetric analysis substances (Moure et al., 2001). 
However, the acetone:water mixtures are more use­
ful for extracting polyphenol from protein matrices, 
since they appear to degrade the polyphenol protein 
complexes (Tabart et al., 2007). According to Grujic 
et al. (2012), mixtures of organic solvent and water 
have been revealed to be more efficient in extracting 
phenolic compounds than mono­component sol­
vents. Inevitably, total phenolic content is also influ­
enced by the solubility of phenolic compounds in the 
solvent used, as their diverse chemical structures 
might alter their solubility (Chaalal et al., 2012). 
     The antioxidant activity of the eggplant phenolic 
extracts was determined by two methods, namely 
the 1,1­diphenyl­2­ picrylhydrazyl free radical scav­
enging activity (FRSA) and the ferric reducing power 
(FRP) assays, which have been widely used for the 
assessment of antioxidant capacity of various plant 
extracts and natural products. 
     Determination of scavenging stable DPPH. free 
radical is a very quick way to evaluate the antioxidant 
activity of the extracts in a very short time. With this 
method, it was possible to assess the antiradical abili­
ty of an antioxidant by measuring the reduce in the 
absorbance of DPPH. at 517 nm. As a result of a color 
change from violet to yellow, the absorbance dimin­
ishes when the DPPH. radical is scavenged by an 
antioxidant through hydrogen donation to form a 
stable DPPH­H molecule. In the radical form this mol­
ecule had an absorbance at 515 nm which disap­
peared by receiving an electron or hydrogen from an 
antioxidant to become a stable diamagnetic mole­
cule. 
     Aqueous acetone 70% was also observed to be 
the solvent presenting the highest antioxidant activi­
ty (Table 1). The percentage of the DPPH. radical­
scavenging activity (FRSA) of acetone was 648.59 mg 
TE/g FM, more three times than acetone 50% (200.11 
mg TE/g FM), which represents the lowest value. 
However, there were no significant difference 
between 90% acetone and 30% ethanol; 70% 
ethanol, methanol (30%, 50%) and water extracts 
with methanol (70%) and ethanol (90%) extract. Our 
results are in accordance of those reported by 
Mokrani and Madani (2016), Chaalal et al. (2012) and 
González­Montelongo et al. (2010) who shown that 
aqueous acetone were more efficient for extracting 
peach, prickly pear seeds and banana peel phenolics, 

respectively and therefore, produced extracts with 
higher antioxidant activity. This can be explained by 
the solubility of phenolic compounds which depends 
widely on the nature of the solvent (polarity) used, 
their degree of polymerization, as well as their inter­
action with other food components and the forma­
tion of insoluble complexes (Naczk and Shahidi, 
2004). Since acetone was the solvent presenting the 
highest yield of TPC and antioxidant activity simulta­
neously, it is believed that phenolics contributing effi­
ciently to the total antioxidant activity of eggplant 
extract are phenolic compounds with higher molecu­
lar weight and lower polarity, according to ‘‘like dis­
solves like” principle. 
     Ferric reducing power (FRP) of eggplant extracts 
was measured by the direct reduction of Fe3+(CN–)6 to 
Fe2+(CN–)6 and was determined by measuring 
absorbance of the resulting Perl’s Prussian blue com­
plex formed after the addition of ferric ions (Fe3+). In 
this method, the yellow color of the test solution 
changes to various shades of green and blue depend­
ing on the content of reductants (antioxidants) in the 
sample. These reducing agents reduce the Fe3+/ferri­
cyanide complex to the ferrous form. Thus, Fe2+ can 
be monitored by measuring the formation of Perl’s 
Prussian blue at 700 nm (Gülçin et al., 2006; Gülçin, 
2011). The same thing as FRSA, 70% acetone extract 
was observed to have significantly the highest FRP 
(26.06 mg TE/g FM), two times approxymatively 
more than 50% ethanol (13.78 mg TE/g FM), which 
represents the lowest value. Some extract have 
showed no significant differences at p<0.05 (Table 1). 
A similar result has been reported by Mokrani and 
Madani (2016) and Chaalal et al. (2012) in peach and 
prickly pear seeds extracts, respectively. The differ­
ences observed in the antioxidant activity (FRSA and 
FRP) of eggplant extracts could be due the variation 
of the quantity and quality of phenolic compounds 
present in the different extracts. Thus, by compro­
mising between the yield of TPC and antioxidant 
activities (FRAS and FRP), 70% acetone was chosen as 
the best solvent to optimize the following extraction 
conditions. 

Extraction temperature 
     As depicted in figure 1, extraction temperature 
demonstrated a significant effect (p<0.05) on pheno­
lic content and antioxidant activities of eggplant 
extracts. The efficiency of TPC extraction and the 
antioxidant activities were influenced by the temper­
ature. The TPC dropped when the temperature 
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increased from 25°C to 100°C. With the increase of 
temperature from 25 to 100°C, TPC, FRSA and FRP 
decrease from 1032.16 to 886.72 mg GAE/100 g FM 
(Fig. 1A), from 648.59 to 203.05 mg TE/g FM (Fig. 1B) 
and from 26.06 to 21.17 mg TE/g FM (Fig. 1C), 
respectively. This decrease may be attributing to a 
degradation of phenolic compound by increasing the 
temperature which has a great effect on the antioxi­

dant activity, in particular the antiradical activity. 
     In this study, the optimal temperature for antioxi­
dant extraction from eggplant was 25°C. Similar to 
the result reported by Naczk and Shahidi (2004) and 
Mokrani and Madani (2016) who found that heating 
cannot increase the phenolic extraction indefinitely 
and at temperature above 50°C, the stability of these 
compounds decreases with dramatic effects with the 
antioxidant activity. It should be noted that increas­
ing temperature beyond a certain value can lead to 
decomposition of some phenolic compounds. 
Rostagno et al. (2007) reported a decomposition of 
isoflavones in soybean during heat treatments. 
Malonyl isoflavones also degrade when extraction is 
performed between 75 and 100°C. Extraction 
between 100­125°C affects acetyl isoflavones and 
higher temperatures sharply reduced the glucosides 
concentrations. It is not surprising to find out that 
the antioxidant activities results showed a similar 
trend to the total phenolic concentration. This could 
be due to the fact that each assay measures different 
kind of phenolics, and each phenolic compound 
shows different antioxidant properties, which 
depends on the chemical structure and substitution 
position (Pokorny, 2003). 
     According to Liyana­Pathirana and Shahidi (2005) 
and Hismath et al. (2011), heating mobilizes certain 
antioxidants while promoting concurrent decomposi­
tion of antioxidants, which are already mobilized at 
lower temperatures. When an acetone:water solvent 
is used for extraction, the evaporation of acetone will 
change the acetone­water ratio because acetone, 
with a boiling point of 56.2°C, becomes volatile (Al­
Farsi and Lee, 2008). Moreover, Santos­Buelga and 
Williamson (2003) have reported that some pheno­
lics are thermosensitive, particularly certain 
flavonoids, such as anthocyanin and flavan­3­ol deriv­
atives which are the most prevalent polyphenols in 
eggplant. Furthermore, Cacace and Mazza (2003) 
reported that temperature affected the extraction of 
anthocyanins and increasing the temperature over 
30­35°C resulted in the decomposition of antho­
cyanins. This could be explained by a higher vulnera­
bility of anthocyanins to high temperature. 
     Nevertheless, several other studies reported that 
heat enhanced TPC recovery Ju and Howard (2003), 
Pinelo et al. (2005), Al­Farsi and Lee (2008) and 
Benmeziane et al. (2014). This was probably due to 
the increased phenolic solubility, faster diffusion 
rate, better mass transfer, extraction yield, reduced 
solvent viscosity and surface tension (Richter et al., 
1996). According to Wissam et al. (2012) an increase 

Fig. 1 ­ Impact of temperature on the extraction efficiency for 
total phenolic compounds (A), DPPH free radical scanen­
ging activity (B) and ferric reducing power (C) of eggplant 
(n= 2). Values with different letters are significantly diffe­
rent (p<0.05).
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in temperature increases the efficiency of the extrac­
tion since heat render the cell permeable, increase 
solubility and diffusion coefficients of the compounds 
to be extracted and decreases the viscosity of the 
solvent, thus facilitating its passage through the solid 
substrate mass but the use of temperatures higher 
than 50°C decreases the total polyphenols yield 
which is probably due to their degradation. The 
improvement of the antioxidant extraction with tem­
perature was probably due to the increasing diffusivi­
ty of the solvent in the solid matrix and the solubility 
of the phenolic compounds in the solvent, which 
favour the extraction (Herrero et al.,  2005; 
Juntachote et al., 2006). In fact, the polarity of water 
(dielectric constant) is decreased when the tempera­
ture is increased, due to the breakdown of hydrogen 
bonds when water is subjected to high temperatures, 
changing the water properties. Under these condi­
tions, the water becomes less polar and acts like an 
organic solvent such as methanol or ethanol, increas­
ing the solubility of the organic materials in it 
(Ballesteros et al., 2017). The effect of extraction 
temperature is very variable from plant material to 
another; it depends especially on their composition 
on phytochemicals and to their resistance to heat. 
Based on the results obtained with the effect of 
extraction temperature, we deduced that the pheno­
lic compounds present in eggplant extracts were 
thermally unstable. 
     It is well known that the use of water in infusion is 
very common and easy process used for preparing 
tea, which extracts the polyphenols from tea with 
hot water. Which can’t be applied in our case to 
extract phenolics from eggplant because they are 
very sensitive to heat treatment. While, the use of 
pure water as single solvent for extraction presents 
some problems and provides an extract with a high 
content of impurities (organic acids, sugars, soluble 
proteins) particularly at high temperatures, that 
could interfere in the phenolic identification and 
quantification (Chirinos et al., 2007). When mem­
brane filtration was used, the presence of protein 
and polysaccharide reduced the filterability. 
Moreover, the cumulative cost of the concentration 
operation increases since water is more difficult to 
remove than acetone and other organic solvents 
(Bachir Bey et al., 2013). Furthermore, water dis­
solves many nutrients l ike sugar and protein. 
Therefore, aqueous extracts are more susceptible to 
microorganism invasion during storage. Several stud­
ies have reported that acetone:water mixtures are 
good solvent systems for extraction of polar antioxi­

dants and are more useful for phenolic extraction 
from protein matrices since phenolic­protein com­
plexes dissolve more easily (Kallithraka et al., 1995; 
Sun et al., 2002). 
      Since the highest TPC value was extracted at the 
temperature of 25°C with an extraction yield of 
1032.16 mg GAE/100 g FM, this temperature was cho­
sen as the best temperature for extracting phenolic 
compounds from eggplant and the extracts provide 
high phenolic content and maintaining a highest antiox­
idant activity with health benefits and could be great 
interest for application in pharmaceutical products. 

Extraction time 
     Extraction time is essential in economizing energy 
and cost of the extraction process. The extraction 
time only slightly influenced the TPC and antioxidant 
activities of eggplant (Fig. 2). The TPC, FRSA and FRP 
increased when extraction time was increased from 
30 to 60 min. After 60 min, further increase of the 

Fig. 2 ­ Impact of the extraction time on the extraction efficiency 
for total phenolic compounds (A), DPPH free radical sca­
nenging activity (B) and ferric reducing power (C) of egg­
plant (n= 2). Values with different letters are significantly 
different (p<0.05).
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processing time significantly decreased (p<0.05) the 
rate of phenolics and antioxidant activity. A time of 
60 min was selected as the optimal time for extrac­
tion. This duration allowed extraction of 1111.23 mg 
GAE/100 g FM of phenolics, which corresponded to 
FRSA and FRP of 692.47 and 35.11 mg TE/g FM, 
respectively. 
     The optimal time for phenol extraction changes 
depending upon the material used for extraction but 
it is an important factor that influence TPC extraction 
and, hence, antioxidant activity. Moreover, the type 
of phenolic compounds extracted and the tempera­
ture of extraction were also important factors. A sim­
ilar trend was shown by Liyana­Pathirana and Shahidi 
(2005) on whole grains, bran of both soft and hard 
wheat and Al­Farsi and Lee (2008) on date seeds. This 
observation was well explained by Fick’s second law 
of diffusion, which predicts a final equilibrium 
between the solute concentrations in the solid matrix 
(plant matrix) and in the bulk solution (solvent) after 
a certain time (Silva et al., 2007). 
     In addition, Liyana­Pathirana and Shahidi (2005) 
showed that the total antioxidant activity increased 
with an increase in extraction time from 15 to 60 min. 
Beyond 70 min, the total antioxidant activity 
decreased sharply and reached a minimum at 105 min, 
probably due to decomposition of the active com­
pounds during the prolonged extraction time. In this 
investigation, 1 h for TPC extraction was optimal, and 
prolonged extraction up to 2 h decrease the TPC or the 
antioxidant activity at 25°C. Our results revealed that 
an excessive time beyond 60 min is not useful to 
extract more phenolic compounds from eggplant. 
     Taking into account these facts, an extraction time 
of 60 min was selected as the best extraction time for 
extracting phenolic compounds and antioxidant 
activities of eggplant. 

Solid to solvent ratio 
      The choice of the solid to solvent ratio was investi­
gated because it influences phenolic recovery and the 
antioxidant activity. The total phenolic content and 
antioxidant activity of eggplant extracted by 70% ace­
tone at 25°C for 60 min using four solid/solvent ratios: 
1/100, 1/75, 1/50 and 1/25 g/mL are shown in figure 3. 
Sample/solvent ratio had a significant effect (p<0.05) 
on TPC and the antioxidant activities (FRSA and FRP). 
     The TPC, FRSA and FRP radicals scavenging capaci­
ty increased from 1111.23 to 1258.07 mg GAE/100 g, 
from 692.47 to 855.50 mg TE/g and from 35.11 to 
39.33 mg TE/g, respectively, with the increase of 
solid/solvent ratio from 1/25 to 1/50 g/mL. The TPC 
recovery using a ratio of 1/25 was poor. Extraction of 

antioxidants reached a maximum with a ratio of 
1/50, which produced phenolic concentrations of 
1258.07 mg GAE/100 g (Fig. 3A). The antioxidant 
activity changes with the same patherns with pheno­
lic concentrations with a changing ratio from 1/25 to 
1/50 g/mL, but with ratio of 1/75 and 1/100 g/mL, 
the FRSA and the FRP decreased (Fig. 3 B, C). Ćujić et 
al. (2016) have noted that the higher solid to solvent 
ratio generate a decrease in the consumption 
of plant material and decrease in the cost of extrac­
tion. Additionally, Bucić­Kojić et al. (2007) reported a 
significant difference of the polyphenols recovery 
yield from grape seeds depending on liquid­to­solid 
ratio, with the highest polyphenols concentration 
obtained using a ratio of 40:1. Furthermore, Prasad 
et al. (2012) employed a factorial design approach to 
identify the significant factors contributing to high 
extraction yield, antioxidant capacity and phenolic 
content in the extracts from Mangifera pajang peri­

Fig. 3 ­ Impact of the solid to solvent ratio on the extraction effi­
ciency for total phenolic compounds (A), DPPH free radi­
cal scanenging activity (B) and ferric reducing power (C) 
of eggplant (n= 2). Values with different letters are signi­
ficantly different (p<0.05).
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carp. liquid­to­solid ratio was reported as highly sig­
nificant contributor. 
        Since the solid to solvent ratio of 1/50 g/mL was 
selected as the best ratio for phenolics extraction and 
antioxidant activities of eggplant. 

Number of extractions 
     A series of successive extractions were performed 
under operating conditions favoring the best extrac­
tion: 70% acetone as solvent, a temperature of 25°C, 
extraction time of 60 minutes and solid/solvent ratio 
1/50 g/mL. Three sequential extractions appear suffi­
cient; the first extract contain approximatively 60% 
of total extractable polyphenols (1258.07 mg 
GAE/100 g) and exhibits an antioxidant activity of 
855.61 mg TE/g (FRSA) and 39.33 mg TE/g (FRP) (Fig. 
4). This rate relatively was completed by the second 
(27%) with a tenor of 558.44 mg GAE/100 g and gives 

an antioxidant activity of 415.30 mg TE/g (FRSA) and 
18.44 mg TE/g (FRP) and third (13%) extraction with a 
concentration of 264.98 mg GAE/100 g which 
exhibits an antioxidant activity of  245.95 mg TE/g 
(FRSA) and 9.33 mg TE/g (FRP). A similar result to 
that found in the present study was obtained by 
Benmeziane et al. (2014) on the table grape (Vitis 
Vinifera L.) with percentages of 60%, 22%, 13% in the 
three fractions respectively. According to Bonnaillie 
et al. (2012), depletion of the raw material and the 
concentration of the extraction medium are conduct­
ed mainly in the first three stages, the last stage, 
rather dilutes the volumes retained in the solid. 
Consequently, the number of extractions can be lim­
ited to three successive contacts with fresh solvent, 
these authors for their part, found in a series of three 
successive extractions of dandruff peanut following 
results: 60%, 35% and 5% respectively. 
     The maximum amount of extractable total phe­
nols in the extract prepared with the mixture of the 
three successive extractions was assessed to 794.94 
mg GAE/100 g FW and maintaining a highest antioxi­
dant activity of 737.86 mg TE/g (FRSA) and 28.00 mg 
TE/g (FRP) which can be probably attributed to the 
dilution factor in the three mixture extracts. 
 
Pearson correlation analysis 
     In order to more appreciate the relationships 
between antioxidant capacities and phenolic content 
of eggplant extracts, correlations between assays 
under different extracting conditions were analyzed. 
     Under the parameter of solvent type (Table 2), no 
significant correlations were found between the TPC 
and the antioxidant activities (FRSA and FRP). This 
can be explained by a synergism of eggplant pheno­
lics present in the extract which may contribute to 
the overall observed antioxidant capacity. 
     Under the influence of extraction temperature 
(Table 2), TPC was correlated positively with FRSA 
assay (r= 0.82) at p<0.05 and FRP assay (r= 0.66) at 
p<0.001. 
     Concerning the influence of extraction time condi­
tion (Table 2), The TPC was observed to be correlated 
positively with FRSA (r= 0.95) and FRP (r= 0.83) at 
p<0.001. From this correlation, we can believe that 
eggplant phenolic compounds extracted at different 
times display antioxidant capacities. 
     About the parameter solid to solvent ratio, TPC 
were observed to be positive significantly (p<0.001) 
correlated with FRSA assay with Pearson correlation 
coefficients of 0.90 and 0.90, respectively (Table 2). 
Previous studies showed that antioxidant activity of 

Fig. 4 ­ Impact of the number of extraction on the extraction 
efficiency for total phenolic compounds (A), DPPH free 
radical scanenging activity (B) and ferric reducing power 
(C) of eggplant (n= 2). Values with different letters are 
significantly different (p<0.05).
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phenolic compounds depends widely on their struc­
ture. Therefore, the solid to solvent ratio affect posi­
tively the antioxidant capacity of eggplant phenolics. 
     Under the influence of number of extraction, cor­
relations between TPC and antioxidant assays (FRSA 
and FRP) were positively high (0.99, p<0.001). We 
can suggest that the hydrogen electron donating abil­
ities of eggplant extracts were directly proportional 
to the concentration of total phenolics. This relation­
ship suggested that the phenolic compounds of egg­
plant extracts might be the major contributors to the 
analyzed antioxidant activities. 
 
 
4. Conclusions 
 
     In the present study, single factor experiments 
approach was used to determine the optimization of 
the extraction process of eggplant phenolics, investi­
gating some variables which such as effect of solvent 
extraction (solvent type and solvent/water mixture 
concentration), extraction temperature, extraction 
time, solid to solvent ratio and number of extrac­
tions. To the best of our knowledge, no data was 
reported about the effect of extraction parameters 
on the recovery of phenolic compounds from egg­
plant. The results of the present investigation 
demonstrated that all the extraction parameters 
exhibited significant effects (p<0.05) on the extrac­
tion efficiency of TPC and the antioxidant activity 
(FRSA and FRP) of eggplant extracts. The optimal 
extraction conditions, selected by compromising 
between the rate of total phenolic compounds (TPC) 
and their antioxidant activities (FRSA and FRP), were 
extraction with 70% aqueous acetone at 25°C for 60 
min using a 1g/50 mL solid to solvent ratio and three 
successive extractions seem necessary for the deple­
tion of plant material. Therefore the maximum 
extractions of polyphenols present in eggplant were 
the optimum conditions for TPC recovery and main­
taining the highest antioxidant activity for eggplant 

vegetable. These conditions allowed recovery of 
794.94 mg GAE/100 g FM and produced DPPH free 
radical scavenging activity (FRSA), ferric reducing 
power (FRP) of 737.86 mg TE/g FM and 28.00 mg 
TE/g FM, respectively. A significant Pearson correla­
tion coefficients were found between TPC and FRSA 
and FRP of eggplant extracts under the influence of 
extraction parameters. The results obtained in this 
study indicate that eggplant can be considered as a 
natural source of phenolics compounds known for 
their good antioxidant capacity. Since antioxidant 
compounds provide health benefits, eggplant 
extracts could be of great interest for application in 
pharmaceutical products. This study will provide 
bases for future investigations on the optimization of 
the extraction of phenolic compounds from eggplant 
using other models such as response surface 
methodology. However, it is interesting to test other 
extraction methods such as microwave and ultra­
sound extractions, ultrafiltration, supercritical fluid 
and subcritical water extractions on extracting phe­
nolic compounds from eggplant. These alternative 
new technologies use less solvent and energy and 
may increase the safety and the quality of products.  
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