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1 Introduction
Nutritional quality of vegetables can vary depending on the 

cultivation method used. Organic cultivation is a growing trend 
world-wide with 164 countries producing organic products in 
2014, and a total value of $64 billion of products being sold 
(Willer & Lernoud, 2014). Whether there are greater nutritional 
benefits in organic compared to conventional fruits and vegetables 
is still a much-debated subject.

The beneficial influence of fruit on human health is linked 
with the presence of specific phytochemicals. Determining the 
nature of these compounds in different products, and the influence 
of preharvest, postharvest and processing treatments have been 
major areas of study in food research (Cools et al., 2011).

Fruits are most commonly consumed raw; however, vegetables 
often undergo some type of processing before being ingested. 
Cooking is often the final step in at-home food processing. 
Vegetables are commonly cooked either by simple boiling, 
microwaving or stir-frying before being consumed. Cooking 
processes induce significant changes in the physical characteristics 

as well as chemical composition of the vegetables and thus influence 
the concentration and bioavailability of compounds (Zhang & 
Hamauzu, 2004; Azizah, 2009; Donado‑Pestana et al., 2012).

Following exposure to certain cooking processes, fruits and 
vegetables can present significant losses of some antioxidants 
such as ascorbic acid and some carotenoids. However, polyphenol 
and flavonoid content can increase and show certain stability 
when they are exposed to high temperatures, a quality that is 
reflected in the preservation of their antioxidant capacity (Faller 
& Fialho, 2009). For example, Dewanto  et  al. (2002) found 
significant increases in the content of total free phenolics in 
sweet corn after thermal treatment involving increased heating 
times and temperatures.

Eggplant is among the top ten vegetables for its oxygen 
radical absorbance capacity due to its phenolic constituents, 
which have important health benefits (Singh  et  al., 2009; 
Akanitapichat et al., 2010). Eggplant needs to be cooked before 
being eaten. It is generally consumed after frying, boiling in 
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Thermal processing and production practices used in vegetables can cause changes in their phytochemical contents. Eggplant is 
characterized by its high antioxidant content. The objective of this work was to determine levels of anthocyanins, polyphenols, 
and flavonoids and antioxidant capacity in organically and conventionally grown eggplant prepared fresh or subjected to one 
of three thermal preparation methods: boiling, baking or steaming. The soluble and hydrolyzable polyphenols and flavonoids 
content were quantified by Folin-Ciocalteu and Aluminum chloride methods, respectively. Anthocyanins were quantified 
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a consistent effect. Hydrolysable polyphenol content was greater, and soluble and hydrolysable antioxidant capacities were 
higher in organically grown eggplant, while anthocyanin content was greater in conventionally grown eggplant. Fresh eggplant 
produced under conventional cultivation had a much greater content of anthocyanins compared to that of other cultivation 
method-thermal treatment combination. In general, steamed eggplant contained higher total polyphenol and flavonoid levels 
as well as greater antioxidant capacity. Steamed eggplant from both conventional and organic systems also had high amounts 
of anthocyanins compared to other thermal treatments.

Keywords: eggplant; antioxidant capacity; organic; boiled; steamed, baked.

Practical Application: Eggplant is characterized by its high antioxidant content. In order to elucidate the possible benefits of the 
consumption of organic eggplant as part of a whole diet, information is needed on anthocyanin and polyphenol content as well 
as antioxidant capacity in organically and conventionally grown eggplant prepared fresh or subjected to one of three thermal 
preparation methods: boiling, baking, or steaming. Results from this study could be used as a part of a database providing 
information on the effects of different cooking methods on the antioxidant potential of eggplant.
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water or grilling. Some recent studies have shown that thermal 
treatment increases its antioxidant content (Braga et al., 2011; 
Das  et  al., 2011). However, it is not known how antioxidant 
content and activity might vary depending on how eggplant is 
produced at the field level, nor what, if any interactions might 
occur between the eggplant production system and postharvest 
thermal treatment of this vegetable. Therefore, the objective of 
this work was to determine the total polyphenol, flavonoid and 
anthocyanin content and their antioxidant capacity in organically 
and conventionally produced eggplant subjected to three thermal 
treatments (boiling, steaming and baking) compared to fresh 
eggplant used as a control (no thermal treatment).

2 Materials and methods

2.1 Preparation of samples and thermal treatments

Eggplant fruits (cv. Dancer) were obtained from two 
commercial farms near Guánica, Puerto Rico, one using organic 
and the other using conventional cultivation practices. Sixteen 
mature eggplant fruits were selected from each cultivation 
system. Fruits were washed with potable water, disinfected with 
200 mg/L sodium hypochlorite, washed again, and dried with 
paper towels. Four  fruits from each cultivation system were 
randomly assigned to each of four treatments (fresh-control, 
boiling, steaming and baking). For fresh, boiled or steamed 
treatments, fruits were cut into approximately 1 cm2 cubes. 
For  baking treatment, fruits were cut in half longitudinally. 
Cooking times for boiling, steaming and baking were determined 
by preliminary tests adapted from the methodology proposed 
by Faller & Fialho (2009). A covered stainless steel pot was used 
to boil 100 g of sample in 200 ml water for seven minutes. After 
boiling, water was drained and samples were cooled to room 
temperature using a cold water bath in a stainless steel receptacle. 
In a similar manner, 100 g of sample was steamed for seven 
minutes in a food steamer, then drained and cooled as previously 
described. In the baking treatment, samples were placed into 
a conventional oven at 180 °C for 25 minutes, transferred to a 
stainless steel and cooled in a water bath as above. In order to 
minimize possible oxidation, processed samples were packed 
into plastic Ziploc® bags. Air was manually removed from the 
bags before sealing and then immediately stored at -80 °C until 
elaboration of extracts.

2.2. Chemicals and reagents

Potassium chloride, Sodium acetate, Methanol, Sodium carbonate, 
Sodium hydroxide, Hydrochloric acid and acetone reagents were 
purchased from VWR Advanced Instruments, LLC (Manatí, 
Puerto Rico, USA). Folin-Ciocalteu, 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH), 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 
acid (Trolox) and (+)-Catechin reagents were purchased from 
Sigma–Aldrich (St. Louis, MO, USA). Gallic acid, Sodium 
nitrite, Aluminum chloride, Fluorescein and 2,2’-Azobis 
[2-amidinopropane] dihydrochloride (AAPH) were purchased 
from Fisher Scientific (Pittsburgh, PA, USA). All other reagents 
were of analytical quality grade.

2.3 Preparation of extracts

Approximately 5 g of each processed fruit was macerated 
with 40 ml methanol:HCl 12 M (99:1, v/v) for determination 
of anthocyanins, 20 ml methanol:water (50:50, v/v) for 
determination of soluble polyphenols and flavonoids, and 20 ml 
methanol‑water:HCl 1.2 M (50:50, v/v) for hydrolyzable polyphenols 
and flavonoids. Samples were quantitatively transferred to 
centrifuge tubes and stirred for 60 min at 38±2.0 ºC. Polyphenols 
and flavonoids detained were carried to a second extraction 
with 20 ml acetone:water (70:30, v/v). After this procedure, the 
solutions were centrifuged at 1200 g for 30 min and were filtered 
on WhatmanTM #1 paper (GE Healthcare Bio‑ Sciences, Pittsburgh, 
Pennsylvania, USA) using a vacuum pump. Supernatants from 
extractions were combined and made up to 50 ml with distilled 
water (Todaro et al., 2009; Rufino et al., 2010).

2.4 Phytochemical analysis

Total anthocyanins

Total anthocyanins content was determined using the pH 
differential method according to official method AOAC 37.1.68 
(Association of Official Analytical Chemists, 2006). Two different 
dilutions of samples were prepared, one with pH 1.0 buffer 
solution (Potassium chloride 0.025 M) and the second with pH 
4.5 buffer solution (Sodium acetate 0.4 M). The pH was adjusted 
with concentrated Hydrochloric acid. The appropriate dilution 
factor was determined by diluting the extract with pH 1.0 buffer, 
the absorbance at 530 nm should be less than 1.2. Using this 
dilution factor, were prepared two dilutions of the samples, 
one with pH 1.0 buffer and the other with pH 4.5 buffer. After 
20 min, the absorbance was measured at 530 nm and 700 nm 
using a Spectronic Genesys TM8 spectrophotometer (Thermo 
Electron Scientific Instruments, Madison, Wisconsin, USA). 
Total anthocyanin content was calculated using the Equation 1:

 * * *1000 
*

A MW DFTotal anthocyanin
L

=
ε

	 (1)

where , MW is anthocyanin cyanidin-3-glucoside molecular 
weight (= 449.2 g/mol), DF is the dilution factor, ε is the molar 
absorptivity coefficient (= 34,300 L/mol*cm) and L is the pathlength 
(= 1 cm). Results were expressed as cyanidin‑3‑glucoside 
equivalents (Cyd‑3‑gluE) in mg per 100 g fresh weight 
(mg Cyd‑3‑gluE/100 g FW).

Determination of polyphenol content

Soluble and hydrolysable total polyphenols content were 
determined using the microscale protocol named Folin-Ciocalteu 
colorimetry (Waterhouse, 2002). A 20 µl volume of blank, standard 
or extract was placed into an assay tube to which was added 1580 µl 
distilled water and 100 µl Folin-Ciocalteu reagent. The mixture 
was allowed to stand for 6 min in darkness at room temperature. 
After this time, 300 µl of 20% sodium carbonate solution was 
added and the mixture was swirled and incubated for 120 min 
at room temperature. Finally, the absorbance was measured at 
760 nm using a Spectronic Genesys TM8 spectrophotometer 
(Thermo Electron Scientific Instruments, Madison, Wisconsin, 
USA). Soluble and hydrolyzable total polyphenols contents were 



Influence of cooking methods on antioxidants

Food Sci. Technol, Campinas, 35(3): 414-420, Jul.-Set. 2015416

calculated using a standard curve of gallic acid. The results were 
expressed as gallic acid equivalents (GAE) in mg per 100 g fresh 
weight (mg GAE/100 g FW) (Akanitapichat, et al., 2010).

Flavonoids analysis

Soluble and hydrolysable total flavonoids content were 
determined using the aluminum chloride colorimetric method. 
A 500 µl volume of blank, standard or extract, was mixed with 
1250 µl distilled water and 75 µl of 5% sodium nitrite solution 
and the mixture was allowed to stand for 6 min in darkness at 
room temperature. Then, 150 µl of 10% aluminum chloride 
solution was added and the mixture was allowed to stand for 
another 5 min before adding 500 µl of 1 M sodium hydroxide 
solution and made up to 3000 µl. The absorbance was measured 
at 510 nm using a Spectronic Genesys TM8 spectrophotometer 
(Thermo Electron Scientific Instruments, Madison, Wisconsin, 
USA). The soluble and hydrolyzable total flavonoids contents 
were calculated using a standard curve of (+)-catechin and the 
results were expressed as catechin equivalents (CE) in mg per 
100 g fresh weight (mg CE/100 g FW) (Akanitapichat, et al., 2010).

Oxigen Radical Absorbance Capacity (ORAC)

Antioxidant capacity was determined using the ORAC method 
(Oxygen Radical Absorbance Capacity), accord to methodology 
described by Cao & Prior (Cao & Prior, 1999) and Huang et al. 
(2002). A fMax 96-well plate fluorometer (Molecular Devices, 
Sunnyvale, California, USA) was utilized with an excitation 
wavelength of 485 nm and an emission wavelength of 538 nm 
with the AscentTM Software version 2.6 (Thermo Scientific). 
A 50 µl volume of blank (pH 7.0 buffer solution (Potassium 
0.75 M and Sodium 0.75 M)), standard or extract, 100 µl of 
500 nM fluorescein solution and 50 µl of 900 mg per 10 ml AAPH 
solution (2,2’-Azobis [2-amidinopropane] dihydrochloride), 
were directly placed into the 96-well plate. The reduction of 
fluorescein was recorded for 70 min. The antioxidant capacity 
was calculated using a standard curve of Trolox and the results 
were expressed as Trolox equivalents (TE) in µmol per g fresh 
weight (µmol TE/g FW).

DPPH radical-scavenging capacity

Antioxidant capacity was also determined using the DPPH 
modified method (2,2-Diphenyl-1-picrylhydrazyl radical) 
described by Faller & Fialho (2009). A 100 µM DPPH solution 
was prepared with 80% methanol giving approximately an 
absorbance of 1.0 ± 0.1 at 515 nm. A 200 µl volume of blank 
(80% methanol), standard or extract was mixed with 2800 µl 
DPPH solution. After 20 min, absorbance was measured 
using a Thermo Spectronic Genesys TM8 spectrophotometer 
(Thermo Electron Scientific Instruments, Madison, Wisconsin, 
USA). The percentage radical scavenging capacity (%RSC) was 
calculated with the Equation 2:

 ( )0

0
% fA A

RSC
A
−

= 	 (2)

where A0 is the absorbance of the DPPH solution alone 
measured at time zero and Af is the absorbance for each sample 
after 20 minutes following the addition of the DPPH solution. 

The  antioxidant capacity was calculated using a standard 
curve of %RSC vs. Trolox concentration and the results were 
expressed as Trolox equivalents (TE) in µmol per g fresh weight 
(µmol TE/g FW) (Leyva, 2009).

2.5 Statistical analysis

Data were analyzed as a completely randomized 2 x 4 factorial 
(2 cultivation systems x 4 processing methods) design with 
four replications. Both factors were considered to be fixed 
effects. Analysis of variance was performed using InfoStat 
(Di Rienzo et al., 2013). The significance of the interaction and 
main effects were determined using an F test, and means were 
separated using Fisher’s least significant difference multiple 
comparison test.

3 Results and discussion
With one exception (total monomeric anthocyanins, Table 1), 

there were no significant cultivation system by thermal treatment 
interactions (Tables  2  and  3). In general, relative differences 
between preparation methods were the same whether fruits came 
from the organic or conventional cultivation system. Even in 
the case of total monomeric anthocyanins, the relative ranking 
of thermal treatments were similar under the two cultivation 
systems: fresh and steamed eggplant had the highest amounts 
of anthocyanin, and boiled and baked eggplant had the lowest 
amounts of anthocyanin under both cultivation systems (Table 1).

Organic eggplant had only about a third as much total 
monomeric anthocyanins compared to conventionally produced 
eggplant (Table 1). However, In contrast, organic eggplant had a 
significantly higher content of hydrolysable polyphenols (Table 2) 

Table 1. Mean total monomeric anthocyanins in fresh and cooked 
eggplant grown under conventional and organic cultivation systems 
in Puerto Rico.

Treatment1 Total monomeric anthocyanins  
(mg Cyd-3-gluE/100 g FW)

Cultivation system x thermal treatment interaction
Conventional – fresh (control) 6.31 d
Conventional - boiled 2.5 b
Conventional - baked 0.16 a
Conventional - steamed 4.2 c
Organic - fresh (control) 1.19 ab
Organic - boiled 0.42 a
Organic - baked 0.27 a
Organic - steamed 2.46 b
LSD (0.05) 1.58
Significance of F test
Cultivation system **
Thermal treatment **
Interaction **
CV 49.4%
1Due to the presence of a significant interaction, only cultivation system by thermal 
treatment means are presented. Cyd-3-gluE = Cyanidin-3-glucoside equivalents. 
LSD  =  Fishers least significant difference test at the 0.05 probability level. Means 
followed by the same letter are not significantly different. ** = Significant at the 
0.05 and 0.01 probability level.
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and higher soluble and hydrolysable antioxidant capacities when 
the ORAC method was used (Table 3). There was no difference 
between organic and conventionally grown eggplant for the 
other phenolic content and antioxidant capacities measured 
(Tables 2 and 3).

Among thermal preparation methods, steamed eggplant had 
the highest levels of polyphenols and flavonoids (Table 2). Fresh 
eggplant had the lowest levels of these two phenolics, although 
the difference was not always significantly different from levels 
in boiled or baked eggplant. Total monomeric anthocyanin 

Table 2. Mean total polyphenol and flavonoid content (soluble and hydrolysable) in fresh and cooked eggplant grown under conventional and 
organic cultivation systems in Puerto Rico.

Treatment Total soluble polyphenols
(mg GAE/100 g FW)

Total hydrolysable 
polyphenols

(mg GAE/100 g FW)

Total soluble flavonoids
(mg CE/100 g FW)

Total hydrolysable flavonoids 
(mg CE/100 g FW)

Cultivation system
Conventional 63.99 a 71.95 a 49.34 a 41.45 a
Organic 77.20 a 100.00 b 50.80 a 49.89 a
LSD (0.05) 15.55 21.28 9.65 9.89
Thermal treatment
Fresh (control) 38.95 a 66.88 a 14.71 a 30.08 a
Boiled 62.93 b 76.26 a 52.42 b 45.38 b
Baked 75.65 b 80.57 a 52.38 b 39.03 ab
Steamed 104.84 c 120.19 b 80.75 c 68.20 c
LSD (0.05) 21.98 30.10 13.64 13.99
Significance of F tests
Cultivation system NS * NS NS

Thermal treatment ** ** ** **
Interaction NS NS NS NS

CV 30.2% 33.9% 26.4% 29.7%
GAE = Gallic acid equivalents; CE = Catechin equivalents. LSD = Fishers least significant difference test at the 0.05 probability level. Within columns and main effects, means followed 
by the same letter are not significantly different at the 0.05 probability level according to Fishers LSD. NS, *, ** = Not significant, and significant at the 0.05 and 0.01 probability levels, 
respectively.

Table 3. Mean antioxidant capacity (ORAC and DPPH) in fresh and cooked eggplant grown under conventional and organic cultivation systems 
in Puerto Rico.

Treatment
Soluble antioxidant 
capacity (ORAC)
(μmol TE/g FW)

Hydrolyzable 
antioxidant capacity 

(ORAC)
(μmol TE/g FW)

Anthocyanin 
antioxidant capacity 

(ORAC)
(μmol TE/g FW)

Soluble antioxidant 
capacity (DPPH)
(μmol TE/g FW)

Hydrolyzable 
antioxidant capacity 

(DPPH)
(μmol TE/g FW)

Anthocyanin 
antioxidant capacity 

(DPPH)
(μmol TE/g FW)

Cultivation system
Conventional 36.61 a 47.71 a 68.18 a 48.06 a 67.38 a 97.95 a
Organic 50.60 b 75.06 b 68.79 a 62.41 a 62.11 a 73.25 a
LSD (0.05) 11.96 16.61 14.92 14.97 16.00 31.79
Thermal treatment
Fresh 
(control)

12.56 a 37.93 a 49.03 a 15.89 a 51.70 a 59.35 a

Boiled 49.32 b 62.74 b 66.74 a 59.15 b 65.87 ab 72.35 a
Baked 43.66 b 52.46 ab 63.52 a 61.3 b 61.48 ab 77.26 a
Steamed 68.88 c 92.40 c 94.65 b 84.61 c 79.93 b 133.44 b
LSD (0.05) 16.92 23.48 21.10 21.17 22.63 44.95
Significance of F tests
Cultivation 
system

* ** NS NS NS NS

Thermal 
treatment

** ** ** ** NS *

Interaction NS NS NS NS NS NS

CV 37.6% 37.1% 29.9% 37.1% 33.9% 50.9%
ORAC = Oxygen radical absorbance capacity method; DPPH = 1,1-Diphenyl-2-picrylhydrazyl radical method; TE = Trolox equivalents. LSD = Fishers least significant difference test 
at the 0.05 probability level. Within columns and main effects, means followed by the same letter are not significantly different at the 0.05 probability level according to Fishers LSD. 
NS, *, ** = Not significant, and significant at the 0.05 and 0.01 probability levels, respectively.
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levels among the four preparation methods were affected by the 
type of cultivation system (significant interaction, p = 0.0007) 
(Table 1). Overall, anthocyanin levels were considerably higher 
in conventionally grown eggplant, and levels were significantly 
different for each preparation method. The highest amount of 
anthocyanin was found in fresh eggplant, followed by steamed, 
boiled and baked eggplant. In organically grown eggplant, 
anthocyanin levels on average were much lower with the highest 
level observed in steamed eggplant, and no differences observed 
among the other three preparation methods.

Total anthocyanin content in fresh eggplant fruit produced 
under conventional cultivation (6.31 mg Cyd-3-gluE/100 g) was 
more than five times greater than under organic cultivation 
(1.19 mg Cyd-3-gluE/100 g) (Table  1). Boiled and steamed 
fruits from conventional cultivation also had high anthocyanin 
content. Skin color of fruits produced under conventional 
cultivation was noticeably less faded in color, possibly due 
to these fruits being harvested earlier on average than fruits 
produced under the organic production system. Eggplant skin 
color fades when harvest of fruit is delayed as was possibly 
the case in the organically grown eggplant. Anthocyanin 
content observed in organically produced fresh eggplant in this 
study (1.19 mg Cyd-3-gluE/100 g) (Table 1) was comparable 
to the amount reported by Sadilova  et  al. (2006) (1.65 mg 
Del‑3‑gluE/100 g). Anthocyanin content in the conventionally 
grown fresh eggplant (6.31 mg Cyd-3-gluE/100 g) was similar 
to results reported by Braga et al. (2011) (7.0 Cyd-3-gluE/100 g) 
and Koponen et al. (2007) (7.5 mg Cyd-3-gluE/100 g). Large 
differences in anthocyanin content observed in this and previous 
studies suggest that not only differences in cultivation practices 
between an organic and conventional system, but differences in 
harvest practices between any two cultivation systems may have 
an impact on anthocyanin content in eggplant.

Hydrolysable polyphenol content was significantly higher 
in organic eggplant compared to conventional eggplant. 
A  similar, although non-significant, trend was observed for 
soluble polyphenols and soluble and hydrolysable flavonoids: 
their content was higher in organic versus conventional eggplant 
(Table 2). Lima et al. (2008) and Raigón et al. (2010) also reported 
greater polyphenols and flavonoids content in organic eggplant. 
Raigón et al. (2010) concluded that polyphenols and flavonoids 
content is lower in conventionally grown eggplant due to higher 
levels of fertilization, especially nitrogen, which results in 
phenolic content reduction. The presence of pathogens in organic 
agriculture due to minimal use of pesticides might also explain 
higher content of polyphenols since these substances can be used 
as a mechanism of pest protection in plants (Asami et al., 2003).

Soluble polyphenol content in this study (38.95 mg AGE/100 g) was 
19% less than that reported by Raigón et al. (2008) (48.26 mg AGE/100 g), 
although those authors studied several different eggplant varieties 
and did not include the variety in our study. Hydrolysable 
polyphenol content in the current study (66.88 mg AGE/100 g) 
was 12% higher than reported by Concellón et al. (2012). Soluble 
and hydrolysable flavonoid contents in this study were lower 
than those reported by Fategbe et al. (2012). The variability in 
soluble and hydrolysable flavonoid content can depend on the 

eggplant variety used and the predominant flavonoid type, an 
observation also point out by Cao et al. (2010).

Soluble antioxidant capacity by the ORAC method in fresh 
eggplant (12.56 µmol TE/g, Table 3) was similar to results reported 
by Isabelle et al. (2010) (12.78 µmol TE/g). However, Isabelle et al. 
(2010) values were higher than those reported by Cao  et  al. 
(1996) (3.9 µmol TE/g). Hydrolysable antioxidant capacity in 
fresh eggplant (37.93 µmol TE/g) was higher than reported by 
Wu et al. (2004) (25.09 µmol TE/g). The conditions under which 
a crop is grown affects antioxidant capacity (Huang et al., 2009) 
and could explain these contrasting results.

Our study was conducted using the same cultivar (‘Dancer’) 
under both organic and conventional cultivation systems. 
Nevertheless, the inferences that can be made concerning 
the effect of cultivation system (organic vs. conventional) are 
limited due to the fact that the fruit was produced at a single 
location and in only one cultivation year. Cultural practices 
within a particular organic or conventional system can also vary 
widely. The authors were not able to obtain detailed information 
concerning, for example, total amounts of nutrients applied in 
the two cultivation systems sampled in the study, although it is 
likely that larger amounts of nutrients (nitrogen in particular) 
were applied in the conventional system. Previous studies 
comparing organic and conventional systems have suffered 
from similar design deficiencies. A study sampling eggplant 
produced from multiple organic and conventional farms in 
various locations is needed to make stronger inferences about 
the differences between these two systems in terms of phenolic 
compounds content and antioxidant capacity.

In general, anthocyanin content decreased with cooking 
treatments, except with the steaming treatment in organically 
grown eggplant (Table 1). Baking resulted in a greater loss of 
anthocyanins (94%) than boiling (61%) and steaming (11%). 
An anthocyanin loss after boiling was also reported by Braga et al. 
(2011). The reduction in content might be explained by the fact 
that anthocyanin is present primarily in the eggplant peel which 
is in more direct contact with heat that causes its decomposition.

Soluble and hydrolysable polyphenols and flavonoids generally 
increased when eggplant was subjected to thermal treatments 
whether the fruits came from the organic or conventional 
cultivation system (Table 2). Compared to fresh eggplant, soluble 
polyphenols content increased up to almost 60% with the boiling 
treatment, 94% with the baking treatment and as much as 169% 
with the steaming treatment. Braga et al. (2011) reported that 
boiled eggplant had 77% more polyphenols than fresh eggplant. 
These increases are due to the release of antioxidants that occurs 
following the thermal destruction of the cellular wall and 
subcellular compartments. In addition, increased content of 
polyphenols results from the reduction in oxidation of phenolic 
products that occurs with the thermal inactivation of oxidative 
enzymes such as polyphenol oxidase (Jiménez‑Monreal et al., 2009; 
Braga, et al., 2011; Mennella et al., 2012).

Compared to fresh eggplant, soluble flavonoid content was 
about 3.5 times greater in baked and boiled eggplant and about 
5.5 times greater in steamed eggplant (Table 2). Hydrolysable 
flavonoid content was about 1.5 times greater with boiling and 
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more than two times greater with steaming. Baking did not 
increase hydrolysable flavonoid content compared to fresh 
eggplant. Grajek & Olejnik (2010) studied hot air-dried tomato 
and observed up to two times the lycopene content compared 
to fresh fruit. Increases in flavonoid content are a result of 
cellular wall rupture and the breaking of bonding forces between 
antioxidant substances and the tissue matrix.

The antioxidant capacity by the methods ORAC and DPPH 
had similar values in soluble and hydrolysable polyphenol and 
flavonoid content. Overall, the antioxidant capacity methods 
detected differences among cooking treatments. Other authors 
have noted a high correlation between the phenolic compound 
content and their antioxidant capacity (Wu et al., 2004).

4 Conclusions
There is a growing interest in how organic production might 

affect the nutritional characteristics of vegetables and how these 
effects might vary with different thermal preparation methods. 
Organic production has been promoted as a way to produce more 
nutritional foods. Our study did not find consistent differences 
in polyphenol and flavonoid content and antioxidant capacity 
of eggplant fruit produced under organic versus conventional 
cultivation systems. In fact, total monomeric anthocyanin content 
was three times greater in conventionally produced eggplant 
compared to fruit produced in the organic system. Phenolic and 
anthocyanin content, as well as antioxidant capacity, was greater 
in steamed eggplant compared to fresh, boiled and baked fruit. 
These differences were consistent no matter the cultivation system 
used to produce eggplant fruits. While our study was limited to 
the use of a single eggplant cultivar (‘Dancer’) and production 
location, other eggplant cultivars may be more responsive to 
organic production systems.
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