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The aim of this study was to compare the amount and activity of phytonutrients in raw, grilled, and
boiled eggplant fruit using chemical measures and a biological assay of oxidative bursts in human
neutrophils. The thermally treated samples showed various changes in their chemical composition
(dry matter, soluble solids, acidity, and the amount of alcohol insoluble substances) due to the
cooking processes and were much richer in the main phenolic compounds such as chlorogenic and
caffeic acids, which are known to be antioxidants. Consequently, their free radical scavenging
activity was significantly higher, especially that of superoxide anion. The biological assay of oxidative
bursts from human neutrophils in the presence of N-formyl-methionyl-leucyl-phenylalanine con-
firmed the greater activity of extracts of the cooked eggplants with respect to raw eggplants.
Successive extract dilutions showed a significant activity up to 1.25 ug/mL after cooking, while raw
fruits resulted in an activity up to 10.00 ug/mL. These results showed that the thermal treatment
commonly used before consumption can increase the content and biological activity of antioxidant
compounds of eggplants.
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INTRODUCTION

Vegetables are rich in phytonutrients and are especially known
for the antioxidant action by the scavenging activity against the
free radicals generated by oxidative stress. It is generally believed
that cooking vegetables leads to a loss in phytonutrients, but
recent studies have demonstrated that this is not always true,
especially in relation to the parameters associated with the
antioxidant activity (/). Some authors (2) have reported a con-
siderable loss of the usual antioxidant molecules, such as ascorbic
acid, after cooking various vegetables or a significant increase in
the free radical scavenging activity measured by 2,2-diphenyl-1-1-
picrylhydrazyl (DPPH) quenching. Other authors interpreted
the increase in antioxidant capacity by three methods (Trolox
equivalent antioxidant capacity, TEAC; total radical antioxidant
parameter, TRAP; and ferric reducing antioxidant power,
FRAP) with the formation of particularly active compounds or
the tissue softening and disaggregation that increases extraction
of the active principles (3).

Eggplant (Solanum melongena L.) fruits are particularly rich
in antioxidant molecules and almost completely insensitive to
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ascorbate oxidase (4); therefore, these antioxidant molecules have
been mainly ascribed to the class of polyphenols. Before they are
eaten, eggplant fruits generally undergo thermal processing by
means of various cooking techniques, after which their anti-
oxidant capacity is retained or increased more than that of a wide
range of other vegetables (9).

It has been pointed out that chemical assays of the free radical
scavenging activity of phytonutrients do not fully inform one
about their expected biological actions, but other in vivo tests
involving human cells can enhance an understanding of the
phenomena related to oxidative stress caused by antioxidant
chain breakers in food. The literature on eggplant processing
by cooking has only been partially accomplished by a description
of the chemical profile and of the possible consequent antioxidant
action. The aim of this study was to investigate the changes in the
antioxidant burden of aqueous eggplant extracts before and after
grilling and boiling. The antioxidant capacity assays were carried
out by means of electron spin resonance (ESR) measurement of
superoxide anion and hydroxyl radical scavenging. The inter-
actions between eggplant and human polymorphonuclear neutro-
phils and the subsequent release of reactive oxygen species during
respiratory bursts were studied by means of luminol-amplified
chemiluminescence (LACL). Subsequent dilutions of the extract
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were made to establish the lowest concentration at which the
aqueous extract still exerts a biological antioxidant activity.

MATERIALS AND METHODS

Plant Material. “Black Bell” eggplant fruits were harvested in the
commercial ripening stage at the end of growing season at the experimental
field of the Research Unit for Vegetable Crops of the Agricultural
Research Council (CRA) in Montanaso Lombardo (Lodi, Italy). About
50 fruits were visually selected on the basis of their homogeneous size,
shape, color, and apparent absence of diseases and were randomly divided
into two batches, each of which was further subdivided into three portions:
one left untreated (raw) and the others for processing (grilling and boiling).
The fruits in each portion were washed with water and dried, and the edible
parts were sliced into pieces of the same thickness (about 1 cm). Raw
samples were immediately frozen in an air blast tunnel at —50 °C and then
lyophilized.

The fruit samples for processing were either grilled for 4—5 min on
either side (grilled) using a professional grilling apparatus equipped with a
gas flame and a metal cooking plate or boiled in a stainless steel vessel on a
moderate flame for 10 min (boiled) in tap water at a 1:10 ratio of slices and
cooking water. The temperature profile during cooking was monitored
with calibrated probes connected to the software ELLAB E-Val 2.10. The
temperatures recorded were as follows: (a) grilling plate surface, stabilized
at 190—210 °C; (b) inner part of slices during grilling, which reached
100 °C in 1 min; and (c) inner part of slices during boiling, which reached
75 °C in 1 min and 100 °C in next 4 min. A temperature of 100 °C in the
inner parts of slices was maintained during the whole time for both
cooking ways.

Just after cooking, boiled samples were drained off for 1 min. Both
grilled and boiled samples were left at room temperature for 10 min, and
then, they were frozen in an air blast tunnel at —50 °C and lyophilized.
Lyophilized samples were obtained until a constant weight was reached,
to calculate the dry matter (DM) value.

Chemical Assays. The soluble solids (SS) by refractometer, total
acidity by titration with 0.1 M NaOH to pH 8.2, and pH were measured
using the vortexed and subsequently centrifuged extracts of 300 mg of
eggplant powder with 10 mL of cold H,O at 2—4 °C. An aliquot of the
aqueous extract was immediately filtered on glass wool, frozen at —80 °C,
and further lyophilized until constant weight to calculate the yield of
extraction for the biological assays. The remaining filtered extract was
diluted 1:1 with cold 2 mM HCl and stored at —80 °C to analyze the anti-
oxidant potential and the TPI.

The ethanol-insoluble residue (EIR) was calculated by weighing the
residue of the lyophilized samples (2 g) after treating them twice with 75%
EtOH (55 mL) at 60 °C and drying them with 20 mL of acetone until
reaching a constant weight. The results were expressed as the percentage
of DM.

The extractable fiber was evaluated by weighing the insoluble residue
after treating it with 200 mg of the EIR with 15mL of'a 0.025 M potassium
oxalate and 0.03 mM dimethylsulfoxide solution; the soluble fiber was
extracted by means of vigorous shaking for 60 min and subsequent
centrifugation (22000g for 30 min at 4 °C). The results were expressed
as the percentage of EIR weight.

Phenolic Acids. Phenolic acids were extracted and analyzed according
to Whitaker and Stommel (6) with minor modifications. Chlorogenic acid
was quantified using a reverse phase high-performance liquid chromato-
graphy (RP-HPLC) separation, based on the absorbance at 325 nm in
relation to the sesamol internal standard and an external standard of
authentic chlorogenic acid (retention time, 24.7 min) and caffeic acid
(retention time, 25.1 min). The results were expressed as mg/100 g of DM.

Anthocyanins. The anthocyanins contained in the peel were extracted
and analyzed as described by Ichiyanagi et al. (7). Purified delphinidin-
3-rutinoside was used as the external standard in the RP-HPLC separa-
tions. The standard was prepared by means of extraction from the
eggplant peel with 10 mM HCI, cleaning by centrifugation, C;3 SPE
chromatography, elution with 30% aqueous ethanol, and quantification
by spectrophotometry using the molar extinction coefficient of delphini-
din. The results were expressed as mg/100 g of DM of whole fruit.

Total Polyphenols. The total polyphenol index (TPI) was assayed in an
extract (see above) of lyophilized tissue by means of spectrophotometric
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analysis, using a modified Folin—Ciocalteu method (8). The results were
expressed as mg per 100 g of DM of chlorogenic acid equivalent.
Chlorogenic acid was used because it is the main phenolic compound in
eggplant fruit.

Polyphenol Oxidase (PPO). The PPO activity was assayed as described
by Fujita and Tono (9), using 30 mg of lyophilized fruit extracted with
I mL of Mcllvaine buffer (pH 5.0). The results were expressed as U/100 mg
of DM (1 U = 0.01 absorbance unit increase per minute at 420 nm) using
chlorogenic acid as a substrate (10, 11).

Glycoalkaloids. The glycoalkaloids, solamargine and solasonine, were
extracted from 0.5 g of lyophilized tissue using 95% ethanol as described
by Birner (/2) with some modifications. The analyses were performed by
means of RP-HPLC according to Kuronen et al. (/3), using partially
purified solasonine and solamargine as the external standard. The data
were expressed as mg/100 g of DM and represented the sum of solamargine
and solasonine to make the measurement conform with the recommended
limits for these compounds (14, 15).

Antiradical Activity. The antiradical activity was assayed by measuring
superoxide anions and hydroxyl radicals using ESR spectrometry, as
described by Morelli et al. (/6) and Valavanidis et al. (7), with some
modifications. Free radical generation for superoxide anions (6.4 mM
KO,-crown-ether-18-6 1:1 in dimethylsulfoxide) was followed by spin
trapping with 25 mM 5,5-dimethyl-1-pyrrolin-N-oxide (DMPO); for
hydroxyl radicals, 2 mM Fenton system in 0.1 M phosphate buffer, pH
7.4, was used, followed by spin trapping with 10 mM DMPO. The reaction
was allowed to take place for exactly 1 min at 25 °C, after which the ESR
spectra were recorded in the presence and absence of eggplant extract (see
above). To calculate the scavenging index, the main band amplitude was
used applying the equation: 7 = 100 — (Z,/I, x 100), where I, is the spec-
trum amplitude in the presence of eggplant extract and I, is the spectrum
amplitude in its absence. The results were expressed as percentage quen-
ching with different amounts of the extracts in relation to the control data
obtained in the absence of eggplant extract.

Biological Assay. Human Polymorphonuclear Neutrophil (PMN)
Collection. Peripheral venous blood was obtained from healthy adult
blood donors at the Blood Donors Department of Niguarda Hospital
(AVIS Comunale, Milan, Italy). The Ethics Committee of the hospital
approved the study, and informed consent was obtained from each donor
who had not received any medication for at least 2 weeks. The blood (5 mL)
was stratified in 3 mL of a Polymorphprep cell separation medium
(Axis-Shield, Oslo, Norway), and the PMNs were separated by means
of density gradient centrifugation. After centrifugation, the upper mono-
nuclear cell band was removed and discarded, and the lower PMN band
was removed and washed in RPMI 1640 medium containing glutamine
(Sigma Chemical Co., MO). Any residual erythrocytes in the granulocyte
preparation were lysed using a 0.15 mol/L NH,Cl solution (pH 7.4). After
the aggregates were disrupted by being passed through a needle with an
internal diameter of 150 um, the PMNs were collected, washed in RPMI-
1640, and tested for viability by means of Trypan blue exclusion. The
number of cells in the final cell suspension used for each test was adjusted
by means of counting in a Burker chamber (Normaski interference contrast
microscopy).

LACL Measurement of Oxidative Burst Responses. PMN oxidative
bursts were associated with the generation of superoxide anions, hydrogen
peroxide, oxygen radicals, hydroxyl radicals, and hypochlorous acid.
These reactive oxidant species (ROS) were not only microbicidal agents
but also extremely toxic to human tissue. As luminol degradation by ROS
is associated with luminescence, the inclusion of luminol in the reaction
medium provided a sensitive means of detecting PMN respiratory bursts.
LACL was investigated using the soluble stimulant N-formyl-methionyl-
leucyl-phenylalanine (fMLP), a bacterial tripeptide that is frequently used
to stimulate PMN respiratory bursts and acts via a specific receptor. The
measurements were made using a slightly modified version of the proce-
dure described by Briheim and Dahlgren (/8).

Briefly, 0.1 mL of a PMN suspension (1 x 10° cells/mL, previously
incubated with or without eggplant extracts) plus 0.2 mL of 2x 10> mol/L
of luminol (Sigma) and 0.5 mL of Hanks’ balanced salt solution (HBSS)
were put into a 3 mL flat-bottomed polystyrene vial. The vial was placed in
the light-proof chamber of a Luminometer 1250 (Bio Orbit, Turku,
Finland), and the carousel was rotated to bring the sample in line with
the photomultiplier tube to record background activity. A volume of
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Table 1. General Chemical Parameters of the Raw and Processed Eggplant Samples?

DM (%) SS (°Brix) total acidity (mEq % ww) pH extraction yield (mg/g of DM) EIR (% of DM) insoluble residue (% of EIR)
raw 10.9b 49b 2.54b 5.47b 464.3b 56.9ab 83.7a
grilled 141a 79a 3.39a 5.70b 539.0a 53.6b 79.8a
boiled 11.6b 5.0b 2.55b 6.27a 446.0b 60.1a 79.4a
@The different letters indicate, for each column, significant differences according to Tukey’s test (p < 0.05).

Table 2. Phenolic Profile and Glycoalkaloids of the Raw and Processed Eggplant Samples®

total polyphenols chlorogenic acid caffeic acid delphinidin-3-rutinoside PPO activity total glycoalkaloids

(mg/100 g of DM) (mg/100 g of DM) (mg/100 g of DM) (mg/100 g of DM) (U/100 mg of DM) (mg/100 g of DM)
raw 910¢B 154¢cC 12.8¢C 90.1aA 13.3aA 16.3cA
grilled 2332a 710a 30.1b 54.0b 0.1b 273a
boiled 2119b 467b 36.1a 89.5a 09b 20.0b

normalized data in relation to the DM of raw samples

grilled 1803 A 549 A 23.3B 41.7B 0.1B 21.1A
boiled 1991 A 439B 339A 84.1A 0.8B 18.8A

#The different letters indicate, for each column, significant differences according to Tukey’s test (p < 0.05). Lowercase letters indicate the difference between non-normalized

data, and capital letters indicate the differences between normalized data.

0.2mL of fMLP was added at a concentration of 5x 10~” mol/L to reach a
final volume of 1 mL. The resulting light output was continuously
recorded in millivolts on a chart recorder and simultaneously by means
of a digital printout set for recording intervals of 1—10 s. All of the
constituents of the mixture were kept at 37 °C during the reaction by
passing water from a thermostatically controlled circulation system
through a polished hollow metal sample holder. No mixing took place
during the recordings. The gain control was set to give a recording of
10 mV for a built-in standard. A background subtraction control zeroed
the instrument before the addition of fMLP. The LACL response patterns
were identified by calculating peak values (mV) and the times to peak
values (min, s). The raw, boiled, and grilled lyophilized eggplant aqueous
extracts were incubated for 30 min at 37 °C with PMNs at concentrations
ranging from 160 to 0.62 ug/mL (log scale) of eggplant extract.

Statistical Analysis. The chemical assays were replicated three times,
and the data were analyzed by means of analysis of variance using the
GLM procedure of SAS Institute software, version 9.1. The statistical
differences of means were indicated by different letters according to
Tukey’s test (p <0.05).

For the biological data, four assays were made of each concentration,
and the statistical significance of the differences was calculated by means of
one-way analysis of variance, followed by multiple paired comparisons
using Dunnett’s test. The differences of means were considered statistically
significant when the p value was <0.05.

The correlation between the amount of phytochemicals and the
biological activity was performed by simple linear regression test, using
Microsoft Excel 2003, and statistically analyzed with Statgraphics plus 5.0.

RESULTS

General Quality Parameters. The general chemical parameters
(Table 1) revealed significant changes in the samples after the
grilling and boiling.

The grilling effects may be mainly due to water loss and,
partially, to the decomposition caused by different temperatures
along the tissue of the eggplant slices. DM, SS, and total acidity
significantly increased with respect to the raw sample by 29, 61,
and 33%, respectively. The pH value was not significantly different
from that of the raw samples, probably because of the contem-
porary concentration of organic acids and salts. The extraction
yield in aqueous media was significantly higher (16%) in the grilled
samples than in the raw samples. The EIR value was slightly lower
than in the raw samples, although not significant.

The behavior of boiled samples was different and similar to
that of the raw samples. The eggplant slices dipped in boiling
water obviously reached a more homogeneous temperature (100 °C

in 5 min) than the grilled slices (internally, it was 100 °C, and on
the surface, it was around 200 °C, because of the contact with the
cooking plate). The DM, SS, and total acidity values were not
significantly different from those of the raw samples, but the pH
was significantly higher, probably because of the leaching of the
low molecular weight compounds, especially salts, in boiling
water. The extraction yield and EIR were also not significantly
different from those of the raw samples. The amount of extrac-
table fiber from the EIR tended to be greater in the grilled and
boiled samples than in the raw samples, as detected by the
decrease in the insoluble residue (Table 1); however, the difference
was not statistically significant.

Chemical Assays. Phenolic profiles are shown in Table 2. In
general, the processed samples showed a considerable increase in
polyphenol content. The data were also normalized to the DM in
the raw samples, but this only slightly modified the general trend.

The TPI was more than doubled by both processes, whereas
the increase in chlorogenic acid was greater in the grilled than in
the boiled eggplant slices (3.6- vs 2.9-fold). The amount of caffeic
acid was higher in the processed than in the raw samples, but the
changes in the boiled and grilled samples were different, possibly
because of the partial decomposition of caffeic acid. In fact, the
molar caffeic/chlorogenic acid ratio was 0.16 in the raw samples,
0.08 in the grilled samples, and 0.15 in the boiled samples. Grilling
induced a greater caffeic acid decomposition than boiling, as the
ratio was similar in the boiled and raw samples. The eggplant
pigment delphinidin-3-rutinoside showed an inverse trend, de-
creasing in the grilled samples but stabilizing after boiling.

Total glycoalkaloids (Table 2), as the sum of solamargine and
solasonine, the most representative ones in eggplant, were also
measured. The amount was significantly higher in the processed
eggplants than in the raw samples, with a slower increase in the
boiled samples than in the grilled ones. The normalized data
showed the same trend but without statistical significance.

As expected, the PPO activity markedly decreased to very low
levels in the processed samples (Table 2).

The antioxidant potential was evaluated by assaying the
scavenging of superoxide anions and hydroxyl radicals and nor-
malizing the data to the initial concentration of the raw eggplant
extract. The superoxide anion scavenging data clearly showed
that the thermally treated samples were more effective scavengers
than the raw samples (Figure 1) at levels >99.5 ug/mL. At the
maximum, the concentration assayed (equivalent to 995 ug/mL of
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Figure 1. Free radical scavenging activity against 6.4 mM superoxide anion (1 min at 25 °C) in various concentrations of the differently processed eggplant
extracts. GLM procedure: ***, p < 0.001; the reported number is the p value; n.s., not statistically different. The different letters indicate, for each group of data,

significant differences according to Tukey’s test (p < 0.05).
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Figure 2. Free radical scavenging activity against 2 mM OH (1 min at 25 °C) at various concentrations of differently processed eggplant extracts. Reported
numbers are the p values from the GLM procedure; n.s., not statistically different.

raw extract), the superoxide scavenging value was about 45% in
the raw, about 60% in the grilled, and more than 70% in the
boiled samples. Subsequent dilutions showed a significantly
higher activity of both cooked samples with respect to raw sam-
ples up t0 99.5 ug/mL. At 39.8 ug/mL, a significant positive value
was found only in the boiled samples (about 7% scavenging).
Finally, at 19.9 ug/mL, neither grilled nor boiled samples resulted
in differences from raw ones. The pattern of hydroxyl radical
scavenging was different (Figure 2). First of all, at the same
reaction time and temperature, and even with a smaller molar
amount of hydroxyl radical (2 mM) than the superoxide anion
(6.4mM), a larger quantity of extract was needed (2786 ug/mL) to
reach the quenching index of about 50%. This can be explained
by the very large difference in the reactivity of superoxide anions
and hydroxyl radicals. No significant changes in eggplant activity

were found between the differently processed samples and dilu-
tions, except for a slight but not significant increase in the activity
of boiled samples at 2786 and 1393 ug/mL. A residual protection
of less than 10% was found at 139 ug/mL in all samples.
Biological Assays. The LACL data showed significant inhibi-
tion of oxidative bursts at much lower concentrations than
the previous antioxidant assays. The initial concentration of
160 pug/mL almost completely inhibited the oxidative bursts
(Figure 3). The quenching of about 50% obtained from the raw
eggplant tissue, which needed, respectively, 995 and 2786 ug/mL
for superoxide anions and hydroxyl radicals, was obtained at a
concentration of 40 ug/mL. This means very high sensitivity for
the LACL test. Further dilutions led to a linear diminution in the
raw samples (significant up to 10 ug/mL), whereas both the grilled
and the boiled samples surprisingly showed higher values, with a
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Figure 3. Comparative effects of various concentrations of differently processed eggplant samples on the LACL of the PMN respiratory bursts induced by

fMLP (**, p<0.01; *, p < 0.05).

tendency to saturation at higher concentrations of eggplant
extract. The grilled extract showed significant activity up to
2.5 ug/mL, and the boiled extract showed significant efficacy at
a further dilution (1.25 ug/mL). At each dilution, the LACL data
from raw, grilled, and boiled samples were in close agreement
with those of superoxide anion quenching.

Linear Regression of Phytochemicals Versus Activity. The role
of individually monitored phytochemicals in scavenging activity
was estimated by plotting the whole data set of LACL, superoxide
anions, and hydroxyl radicals against the concentrations of
individual phytochemicals classes (Figure 4). The ranking of the
slopes was similar for all tests, in the order total polyphenols,
chlorogenic acid, and delphinidin-3-rutinoside, and reflects their
relative amounts in eggplants.

As seen in the case of the amount of extract necessary for
significant scavenging, there was a clear difference in the reacti-
vity of the three tests: the hydroxyl radical data plots always have
a shallower slope than those of the other tests, meaning that more
scavenger is needed to quench hydroxyl radical effectively, even
at a lower concentration than the superoxide anion radical in the
present system (2.0 vs 6.4 mM). Furthermore, the LACL data
confirmed its greater sensitivity: for example, in the TPI plot, the
slope of LACL was 6.5 and 28.3 times that of those of superoxide
and hydroxyl radical.

TPI correlation showed a good linear relationship with the
scavenging data, but affinity was highest for superoxide anions
(R? = 0.85), followed by hydroxyl radicals (R> = 0.80) and LACL
(R* = 0.49). The indices of correlation of chlorogenic acid were
lower but again higher for superoxide than for hydroxyl radical
or LACL scavenging. The correlation with eggplant pigment
(delphinidin-3-rutinoside) showed an inverse trend: the closest
correlation was with hydroxyl radical scavenging data (R*> =
0.87), and the interaction with superoxide scavenging was rela-
tively low (R* = 0.65) but always followed by LACL (R = 0.38).

When divided by type of processing (Figure 5), the regres-
sion data showed that the raw samples for LACL were close to
0.80 and became very close to linearity in superoxide and
hydroxyl data. On the contrary, the grilled and boiled data shifted
out from linearity, decreasing the value of R especially for
LACL and superoxide data, meaning a tendency to a pleateau,

while hydroxyl data remained well-fitted with the linearity of
response.

The low regression value of the LACL probably is due to the
presence of synergistic effects of the different eggplant anti-
oxidant compounds at the upper concentrations used; this enabled
plateau responses to be reached in grilled and boiled samples and
not in raw ones (Figures 3 and 5). This fact further enforces the
lower activity of raw eggplant with respect to the cooked eggplant.

DISCUSSION

In grilled eggplant slices, the grilling process induced an inc-
rease in DM and extraction yield. The exposure to high tempera-
ture caused water loss and, probably, the destructuring, which
determined an increase of EIR. In boiled samples, the effect of
boiling water on the leaching of solutes was remarkable only in
the case of EIR in comparison with the grilled eggplants (Table 1).

The content of glycoalkaloids (Table 2) was slightly increased
in processed eggplant, when measured on DM, while the normal-
ized data gave no statistical differences between raw and cooked
samples. This is in agreement with previous works, showing that
cooking did not affect the level of glycoalkaloids in potato (20)
and tomato (21).

The phenol content was greatly increased by cooking. Normal-
ized data in Table 2 show about a 3-fold increase in chlorogenic
acid of thermally treated samples. The increased amount in
chlorogenic acid, a conjugated derivative of caffeic acid, suggests
its greater extractability after both cooking treatments. The
higher surface temperature (200 °C) and the relative chlorogenic
acid thermal stability may explain the higher amount found in
grilled (3.6-fold) with respect to boiled samples (2.9-fold). The
caffeic acid amount resulted increased in both cooked samples as
well, but its increment was less in grilled (1.8-fold) than in boiled
(2.6-fold) eggplant. This may be due to a reduced thermal stability
of the free chlorogenic acid derivatives, which were subjected to a
higher degradation rate. The evolution of the eggplant pigment,
delphinidin-3-rutinoside, instead, was stable after boiling (0.9-fold),
while the grilling process induced a clear depletion (0.5-fold).
If the sum of single monomeric phenols is considered, the increase
in processed with respect to raw eggplants was 2.3-fold after
boiling and 3.1-fold after grilling.
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Figure 4. Simple linear regression of phytochemicals vs the scavenging activity of superoxide anions (superox), hydroxyl radicals (OH), and LACL in the raw
and cooked eggplant samples. TPI, total polyphenols; CA, chlorogenic acid; and DEL-RUT, delphinidin-3-rutinoside. Each point is the average of the

phytochemical and quenching data.

The increase in TPI was lower than that of chlorogenic acid: production such as Maillard reaction products (MRP) as well.
grilling and boiling have a 2.0- and 2.2-fold increase with respect The occurrence of MRP, which are reactive in a Folin—Ciocalteu
to raw eggplant, respectively. The possible explanation of the system (19), was evidenced by the brownish color of the extracts
difference between boiled and grilled eggplant slices may be that from grilled samples and not from the boiled ones.
boiling mostly induces a matrix denaturation that leads to a more It seems that boiled eggplant gave a better response than grilled
efficient extraction of the active components. On the contrary, eggplant in the antioxidant assays of superoxide anion and LACL
grilling determines a higher temperature on the slice’s surfaces but not in the hydroxyl radical assay. It can be hypothesized that
with respect to boiling. Therefore, the grilling may induce, together grilling induces a deeper decomposition on some bioactive com-

with an improved extraction, degradation and de novo compounds ponents that, contrarily, are retained intact in the boiled eggplant.
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Figure 5. Simple linear regression of phytochemicals vs the scavenging activity of superoxide anions (superox), hydroxyl radicals (OH), and LACL in the raw,
grilled, and boiled eggplant samples vs the extract amount. Each point is the average of the phytochemical and quenching data.



3378 J. Agric. Food Chem., Vol. 58, No. 6, 2010

Our data may agree with this hypothesis when EIR (a potential
source of phenolic acids), caffeic acid, and delphinidin-3-rutino-
side are considered but not for total polyphenols and chlorogenic
acid. Further studies are needed to better understand this differ-
ent behavior.

Other authors (3) have detected significant losses of chloro-
genic acid after the cooking of courgettes, carrots, and broccoli.
However, they found a significant increase in antioxidant activity
in the cooked samples with respect to raw ones. The increase in
antioxidant activity is in line with our data, but our findings also
revealed an increase in total polyphenols and chlorogenic acid
after cooking. Our data are fully supported by the findings of
Ferracane et al. (22), who found a very substantial increase in
antioxidant capacity and the amount of caffeoylquinic esters,
including chlorogenic acid, after the cooking of artichokes.
Therefore, it seems that eggplant fruit tissue is particularly
protective for chlorogenic acid. This can also be deduced from
the inactivation of oxidizing enzymes, as demonstrated on PPO
data, which revealed almost complete inactivation after the
thermal treatments (Table 2). Eggplant PPO has its best substrate
affinity for chlorogenic acid (9), and this could explain its
considerable contribution to the chlorogenic acid increase after
thermal treatments.

The antioxidant data of Yamaguchi et al. (2) are also in line
with ours, as they found a significant loss in ascorbic acid after
cooking but with a very small contribution (5%) to the anti-
oxidant profile. Our study included an evaluation of the phyto-
chemical profile, which extends previous results. Similar findings
concerning the evolution of the chlorogenic acid during cooking
have been reported by Kalogeropoulos et al. (23), who found a
good retention after eggplant frying. Furthermore, this type of
processing was effective in enhancing the antioxidant capacity of
eggplant (7).

The major eggplant anthocyanin, which is known to be more
easily decomposed than chlorogenic acid, underwent significant
loss in our grilled but not in the boiled samples. The results on
boiled samples partially agreed with the findings of Rossi et al.
(24), who found that the blueberry juice obtained after the brief
thermal treatment of the berries was richer in anthocyanins than
that obtained from untreated berries, thus also affecting its anti-
oxidant capacity.

Our LACL findings in human cells indicate that eggplant
exerts its antioxidant action at very low concentrations not only
in terms of chemical protection but also by reducing ROS release
by human PMNSs. These findings are interesting in relation to the
strategy of improving the antioxidant burden and restoring redox
balance in human cells using plant extracts. They can be very
useful when the stress generated in living organisms favors free
radicals as a result of the depletion of antioxidants.

The activity in LACL and superoxide assays was greatly
increased in the cooked samples and seems to be strictly related
to eggplant polyphenols, as demonstrated by the high correlation
indices. The increased scavenging activity in the cooked samples
was not so evident from the hydroxyl radical scavenging data,
because it is well-known that this radical is highly and somewhat
unspecifically reactive to plant components. However, it is worth
noting that the thermal treatments did not induce any loss in
activity in comparison with the raw samples.

In conclusion, the present study has highlighted the increase in
and greater stability of antioxidant compounds and in the indices
of antioxidant capacity after eggplant cooking. The LACL
biological assay fully reflected superoxide scavenging, as it is
associated with changes in the polyphenolic profile and with
cooked eggplants that had more extractable antioxidant com-
pounds than raw ones. Moreover, hydroxyl radical scavenging
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data showed no loss in activity after cooking. It must be noted
that there is a great difference in reactivity between chemical and
biological assays as the LACL system is about seven times more
sensitive than the superoxide assay, as evaluated by an ESR
method.

The antioxidant profile of eggplant potentially has a strong
effect on living organisms, because, in a biological situation such
as neutrophil activation, 80 ug of cooked eggplant extract was
sufficient to completely inhibit oxidative bursts in a 10° suspen-
sion of human neutrophils. As this amount corresponds to 1 —2 mg
of fresh weight and the human neutrophil circulating pool is
about 40 x 10” cells, an amount of about 40—80 g of eggplant may
be sufficient to interact with all of the neutrophils present in the
human body. Bearing in mind the bioavailability and other
parameters not considered in our study, from a theoretical nutri-
tional point of view, our findings support the fact that a serving of
eggplant may contain sufficient antioxidants to neutralize neutro-
phil ROS release.
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