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ABSTRACT. The eggplant is a vegetable that has been used more in recent
years thanks to the low calories versus high content of phenolic compounds.
This study aimed to determine total phenolic, flavonoid, proanthocyanidin,
and saponin content using spectrophotometric assays and antioxidant activity
using  2,2-diphenyl-1-picryl-hydrazyl-hydrate ~ (DPPH), 2,2’-azinobis(3-
ethylbenzothiazol-6sulpho-nate (ABTS), total reducing power (TRP), ferric
reducing antioxidant power (FRAP), and cupric reducing antioxidant capacity
(CUPRAC) assassin peel and pulp of eggplant cultivars Robi, Tudela,
Vernal, Aragon, and Rosa Bianca. The average total saponin content (TSC)
in peel was 116.34 ug DSGE mg™"' DW (diosgenin equivalents per mg of
extract’'s dry weight), whereas in pulp was slightly lower (107.86 ug DSGE
mg™ DW). A similar trend was observed for total phenolic content (TPC)
(24.54 ug GAE mg' DW (gallic acid equivalents per mg of extract's dry
weight) in peel and 15.88 ug GAE mg™' DW in pulp); total proanthocyanidin (TP)
(2.74 ug CE mg™"' DW (catechin equivalents per mg of extract’s dry weight)
in peel and 1.24 yg CE mg™' DW in pulp) and total flavonoid content (TFC)
(0,05 ug RE mg™"' DW (rutin equivalents per mg of extract’'s dry weight) in
peel and 0.02 ug RE mg™' DW in pulp). Principal component analysis (PCA)
and cluster analysis (CA) methods were applied on the antioxidant activity
(ABTS, DPPH, TRP, FRAP, and CUPRAC) and total bioactive compounds
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content (TSC, TPC, TP and TFC) parameters in order to reveal the relationships
between analyzed samples. As a result of these approaches, analyzed
samples were grouped into two groups.

Keywords: Eggplant, Solanum Melongena, Antioxidants, Chemometric
analysis

INTRODUCTION

Eggplant (Solanum melongena L.), also known as aubergine, comes
in wide varieties with various shapes (oval, ovoid shape, long club-shaped)
and colours (white, yellow, green, and purple) [1, 2]. It is grown worldwide
and is used in a diet because of the high concentration of bio-friendly metals
(K, Mg, Ca, and Fe), low-calorie content, and affordable price [3].

Due to its high phenolic, alkaloid, and vitamin contents, the eggplant-
rich diet positively affected hypercholesterolemia, asthma, diabetes, bronchitis,
and digestive difficulty [4]. It has anti-inflammatory, hepatoprotective,
hypolipidemic, antiallergic, and anticancer activity [5]. Many studies have
shown that phenol compounds are responsible for the antioxidant activity of
eggplant [6]. Kaushik et al. [7] found that eggplant has the most outstanding
total phenolic acid content among 21 different vegetables, and the major
soluble phenolic acid in eggplant is chlorogenic acid and its isomers. Caffeic
acid and p-coumaric acid were also present in eggplant samples. The
polyphenol oxidase catalyzes the enzymatic oxidation of phenol compounds
to the quinones, which polymerize into water-soluble brown melanin [8]. The
main anthocyanin present in eggplant peel was nasunin [9].

Previous studies have dealt with the identification and quantification
of polyphenolic compounds using high-performance liquid chromatography
(HPLC) [9,10], total phenolic content (TPC), and total flavonoid content
(TFC) [5, 9-12]. Antioxidant activity was also estimated using ABTS [10, 12],
DPPH [5], and FRAP assays [13]. Depending on the thermodynamic conditions
and reactivity of the phenols’ hydroxyl groups, it has been found that different
oxidants transform the substrate into different products. Therefore, using
multiple antioxidant assays is recommended to get a comprehensive picture
of one’s antioxidant characteristics.

The present study aimed to determine and compare the antioxidant
activity of five eggplant cultivars peel and pulp, dominantly present in the
Serbian markets, using five spectrophotometric assays (DPPH, ABTS, FRAP,
TRP, and CUPRAC) and total flavonoid content (TFC), total phenolic (TPC)
content, total proanthocyanidin (TP), and total saponin (TS) content. To the

94



COMPARISON OF ANTIOXIDANT ACTIVITY, TOTAL PHENOLIC, FLAVONOID,
PROANTHOCYANIDIN, SAPONIN CONTENTS OF EGGPLANT'S ...

best author's knowledge, total proanthocyanidin and saponin content in
eggplant samples is evaluated for the first time. The obtained data were
subjected to chemometric analysis to estimate the relations between peel
and pulp of different eggplant varieties and used assays.

RESULTS AND DISCUSSION

Total phenolic, flavonoid, proanthocyanidin, saponin contents,
and antioxidant activities of eggplant extracts

Phenolic compounds are secondary metabolites often combined with
mono and polysaccharides via phenolic groups [14]. The main dietary phenolics
are phenolic acids, flavonoids, and polyphenols [15]. Many studies have shown
[16, 17] a positive and high correlation between phenolic compounds and the
antioxidant potential of vegetables and fruits. The hydroxyl groups’ hydrogen
atoms in the o-position in rings A, B, and C, double bonds in aromatic rings, and
C=0 bonds are responsible for their high antioxidant activity [18].

DPPH, ABTS, CUPRAC, FRAP, and TRP are widespread since they
apply to various samples, are reproducible, low-cost, and, above all, reliable.
The antioxidant potentials of eggplant peel and pulp extracts were determined
using five different spectrophotometric assays, and the results are presented
in Table 1.

Table 1. Antioxidant activity of eggplant samples using five different assays
(DPPH, ABTS, TRP, FRAP, and CUPRAC)

Part DPPH' ABTS TRP FRAP CUPRAC
Name of the (ug TE mg™ |(ug TE mg™'|(ug AAE mg'| (ug FE mg™ | (ug TE mg™'
eggplant DW)?2 DW)2 1DW)2 DW)?2 DW)?2
Robi Pulp 1.15+0.04 |59.0+£0.4 (18.30+0.07 ({16.02 +0.03 |84.72 + 0.07
Peel 11.0+£ 01 3.16£0.06 [24.7+0.2 52.52 £ 0.04 [80.48 + 0.06
Tudela | Pulp 32101 8.6+0.3 26.13+0.04 (21.72 +0.02 |62.31 £ 0.08
Peel 9.5+£0.3 3.18 £ 0.08 |29.15+0.07 |47.32 £+ 0.03 |88.67 £ 0.09
Vernal | Pulp 46+0.1 6.14 + 0.009|22.7 £ 0.1 22.63 +0.03 |63.68 + 0.7
Peel 11.1+£0.1 2.60+0.03 (29.8+0.2 47.82 £ 0.07 |90.3 £ 0.1
Aragon| Pulp 1.79+0.02 |11.44+£0.03({17.03+0.04 (14.22 + 0.03 |52.74 £ 0.05
Peel 84+0.3 7.2+0.1 22.1+01 43.32 £ 0.02 |68.32 £ 0.03
Rosa Pulp 219+0.09 |9.52+0.07 (17.80+0.07 (20.52 + 0.05 |73.24 £+ 0.09
Bianca | Peel 5.07+0.08 [9.16+0.01 |16.61 £0.01 |19.82 £ 0.04 [56.70 + 0.04
" mean + SD,

2 TE - Trolox equivalent, AAE - ascorbic acid equivalent, FE - Fe(ll) equivalent, DW — dry weight.
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Pulp extracts showed lower antioxidant activity, ranging from 52.74 to
84.72 ug TE mg’' DW, than peel extracts (56.7 to 88.64ug TE mg' DW)
according to the CUPRAC method. Antioxidant activity for eggplant in the
study of Pasli et al. [19] was 72.59 yg TE mg' DW, which agrees with the
results we obtained. Antioxidant activity determined using ABTS and DPPH
was lower than those obtained by the CUPRAC assay. These results are most
likely a consequence of the reaction mechanism on which the assays are
based. In DPPH and ABTS assays, antioxidants react with organic radicals,
so only smaller molecules can react due to the steric effect [20]. ABTS radical
cation is formed in a reaction between ABTS and potassium persulfate. ABTS
radical cation solution is then mixed with antioxidants from a sample and
reduced to ABTS again. Its reduction depends on antioxidant concentration
and reaction time. For peel samples, ABTS assay results ranged from 2.6 ug
TE mg' DW (Vernal) to 9.16 ug TE mg' DW (Rosa Bianca). Results using the
same assay for pulp extracts gave higher results, ranging from 6.14 ug TE mg™
DW (Vernal) to 59 ug TE mg' DW (Robi). DPPH assay results differ from results
obtained using ABTS assay, with slightly higher results for peel extract ranging
from 5.07 ug TE mg' DW (Rosa Bianca) to 11.1 ug TE mg' DW (Vernal); than
pulp samples ranging from 1.15ug TE mg' DW (Robi) to 4.6 ug TE mg' DW
(Vernal). Pasli et al. [19] also analyzed eggplant extracts and recorded 27.87 ug
TE mg™" for ABTS and 23.43 ug TE mg™ for DPPH assay. Colak et al. [20] have
determined DPPH activity; the activity ranges 0.66 ug TE mg™*' FW (fresh weight)
for white eggplant peel, 0.84 ug TE mg™' FW for purple eggplant peel and 2.04 ug
TE mg™' FW for black eggplant peel; 0.166 ug TE mg' FW for white eggplant pulp,
0.364ug TE mg™' FW for purple eggplant pulp and 0.584 ug TE mg-' FW for black
eggplant peel. Colak et al. [20] also obtained higher DPPH activities in peel
samples than in pulp samples, which is consistent with our results.

FRAP and TRP assays both include the reduction of Fe3* to Fe?* with
antioxidants from the sample. Results obtained using TRP and FRAP methods
were similar: TRP assay’s lowest values were 16.61 ug AAE (ascorbic acid
equivalent) mg' DW for Rosa Bianca peel extract and 29.8 ug AAE mg' DW
for Vernal peel extract. Unlike peel samples, pulp samples have slightly higher
values using TRP assay than FRAP assays, except for the pulp sample Rosa
Bianca which is lower. TRP activity ranges from 17.03 ug AAE mg' DW for
Aragon pulp extracts to 26.13 ug AAE mg' DW for Tundela pulp extracts. FRAP
values were in the range of 14.22 ug FE mg' DW for Vernal pulp extracts to
21.72 ug FE mg"' DW for Tundela pulp extracts, and 19,82 ug FE mg' DW for
Rosa bianca peel extracts to 52,52 ug FE mg-' DW to Robi peel extracts. Also,
the FRAP assay gave higher results for the peel than the pulp samples, except
for the Rosa Bianca sample. Boulekbache-Makhlouf et al. [21] analyzed the
byproduct of eggplants and recorded a reducing power of 39 mg QE 100 g
DW for methanolic extract.
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Saponins are a class of compounds characterized by a skeleton
derived from the 30-carbon precursor oxide-squalene to which glycosyl residues
are attached [22]. Saponins found in eggplant act as pancreatic lipase inhibitors,
which can be used in obesity treatment [23]. Total saponin content ranged from
102.3 uyg DSGE mg' DW in Rosa Bianca to 140.4 uyg DSGE mg' DW in
Tudela peel (Table 2). Similar total saponin content was found in the pulp
samples, from 100.5 ug DSGE mg' DW in Tudela to 121.8 yg DSGE mg' DW
in Robi. In the review of published papers, only Hoang et al. [24] determined
the TSC (total saponin content) by spectrophotometric method. According to
these authors, the content is from 18.05 ug mg' DW for aqueous extracts to
38.34 ug mg' DW for methanolic extracts.

The bitterness of eggplant can come from a high concentration of
saponins [25]. It was reported that some processing techniques (milling, boiling,
and steaming) reduced bitterness and saponin content [26]. Also, Solanum
melongena L. can be used to treat several diseases like bronchitis, arthritis,
asthma, and diabetes. The main phenolic compounds are in the pulp and peel,
so unpeeled eggplant should be consumed.

Table 2. Total phenolic, saponin, flavonoid,
and proanthocyanidin content of eggplant samples

Part of the TPC! TSC TFC TP
Name eggplant (m;_]1 GAE2 (|.|g_1DSGE2 (p? RE , (p? CE ,
mg~' DW) mg~' DW) mg~' DW) mg~' DW)
Robi Pulp 12.58+0.04 [121.8+0.7 |0.012 + 0.001 1.04 +0.06
Peel 26.4+0.1 108.3+0.6 |0.064 + 0.005 1.61+0.06
Tudela Pulp 2152+0.08 [100.5+0.9 |0.014 +0.001 1.30 £ 0.03
Peel 2949+0.08 [140.4+0.4 |0.043 +0.003 47+0.1
Vernal Pulp 16.49+0.06 [104.5+0.2 |0.033 + 0.001 2.05 +0.02
Peel 29.4+0.1 126 + 1 0.075 + 0.003 3.71+0.09
Aragon Pulp 13.09+0.08 [106.5+0.2 |0.0113+0.0006 |0.77 + 0.01
Peel 22.74+0.04 [104.7+0.6 |0.053 + 0.002 2.5+0.1
Rosa Pulp 15.70 +0.06  |106 + 1 0.011 £ 0.001 1.02 £ 0.05
Blanca Peel 14.65+0.07 [102.3+0.3  [0.022 + 0.002 1.18 £ 0.06
"mean + SD,

2 GAE - gallic equivalent, DSGE - diosgenin equivalent, RE - rutin equivalent, CE — catechin
equivalent, DW — dry weight.
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Phenolic compounds are listed as the primary antioxidants in plant tissue,
so determining their content can serve as quick antioxidant activity estimation.
Cao et al. [27] characterized eggplant as among the top ten vegetables with high
antioxidant activity. The total phenolic content ranged from 14.65 ug GAE mg""’
DW for Rosa bianca to 29.49 ug GAE mg' DW for Tudela peel extracts. Pulp
samples had lower TPC, ranging from 12.58 ug GAE mg' DW for Robi to
21.52 uyg GAE mg-' DW for Tudela. According to Djounadi et al. [28], the total
phenolic content was 41.3 to 82.31 ug GAE mg™' for peel samples and 15.29
to 23.78 ug GAE mg' for pulp samples for two types of eggplant. Salerno et
al. [5] also investigated total phenolic content in eggplant samples, and their
results were lower, ranging from 4.49 to 4.80 ug GAE mg"' DW for pulp samples
and 6.12 to 6.78 uyg GAE mg' DW for peel samples. According to Arkoub-
Djermoune et al. [29], the total phenolic content in eggplant samples using
70% methanol as solvent was 6.69 ug GAE mg-'. Ferarsa et al. [30] reported
that TPC ranged from 0.02 ug GAE mg™' DW to 1.99 ug GAE mg"' DW. Somewhat
different values obtained in this study may be due to differences in
antioxidant activity assay conditions and/or different antioxidant activities of
analyzed eggplants species. The present study results follow the trend
established in previous studies - the higher total phenolic content in eggplant
peel versus its pulp.

The total flavonoid content ranged from 0.022 ug RE mg' DW for Rosa
Bianca peel extracts to 0.075 uyg RE mg' DW for Vernal peel samples. TFC
ranged from 0.011 uyg RE mg' DW for Rosa Bianca pulp extracts to 0.033 pg
RE mg' DW for Vernal pulp samples. Total flavonoid content was higher in all
peel extracts than in pulp extracts of the same type of eggplants. According to
Nayanathara et al. [31], total flavonoid content ranged from 22.62 ug CE mg-!
DW for the Long green eggplant sample to 102.01 ug CE mg' DW for the
Violet uphold eggplant sample. Boulekbache-Makhlouf et al. [21] reported total
flavonoid content in methanolic extract eggplant was 0.1626 ug QE mg' DW.
Comparing the results presented in this study with the previous studies is
problematic since, in the previous study, experiments were done with different
standards (catechin and quercetin), and the results were recalculated to fresh
weight while our results refer to dry weight. The big issue for comparison still
stands - water percentage, which can vary significantly depending on species,
climate and storage sample conditions. Nevertheless, the trend is the same-
higher flavonoid content in the peel versus pulp.

Among phenolics in fruits and vegetables, there is a large group of
compounds called proanthocyanidins, also known as condensed tannins [32].
The total proanthocyanidin contents in tested samples were higher in the peel
than in pulp extracts. Peel extracts’ total proanthocyanidin content varied from
1.18 to 4.7 yg CE mg™', while pulp extracts ranged from 0.77 to 2.05 ug CE mg™".
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Considering the present results, we can conclude that the total proanthocyanidin’s
content were higher in the peel than in the pulp samples.

Antioxidant Composite Index (ACI)

Because the antioxidant activity of extracts was obtained by five
different assays: two assays based on reactions with free radicals (ABTS and
DPPH), two assays based on the reducing power of iron (TRP and FRAP),
and one assay based on the reducing power of cupric ion (CUPRAC), results
are challenging to compare. Therefore, the antioxidant activity index (ABTS,
DPPH, TRP, FRAP, and CUPRAC index) and antioxidant composite index -
ACI index were calculated and presented in Table 3. The results of the
antioxidant index and ACI index were given as relative percentages. The
highest ACI index, based on the results of five antioxidant activity assays,
was recorded for the Vernal peel sample (78.1), followed by Robi peel (75.3)
and Tudela peel (74.4). All peel samples had a higher ACI index than pulp
samples of the same type. The sample Vernal peel had the highest
DPPH;, dexs» TRPingex @Nd CUPRACG;,4ex- The lowest ACI index was noticed for
sample Aragon pulp.

Table 3. The antioxidant composite index for eggplant samples
calculated from five different antioxidant activity assays

Name | Sample | DPPHindex | ABTSindex | TRPindex| FRAPindex | CUPRACindex | AClndex
Robi Pulp | 10.4 100.0 614 | 288 93.8 58.9
Peel | 99.1 54 829 |100.0 89.1 753
Tudela |Pulp | 288 14.6 877 | 39.1 69.0 477
Peel | 85.6 5.4 978 | 852 98.2 74.4
Vernal |Pulp | 41.4 10.4 762 | 408 705 47.9
Peel 100.0 44 1000 | 86.1 100.0 78.1
Aragon | Pulp 16.1 19.4 57.1 25.6 58.4 35.3
Peel | 757 12.2 742 | 780 757 63.2
Rosa |Pulp |19.7 16.1 507 |37.0 81.1 427
Bianca pog (457 15.5 557 | 357 62.8 431
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Statistical analysis

Statistical analysis was performed to understand further the relations
between analyzed samples and methods used. The correlation matrix is
given in Table 4. The correlation between the results of spectrophotometric
assays - ABTS, DPPH, TRP, FRAP, CUPRAC, TPC, TFC, TSC, and TP was
calculated.

Table 4. Correlation coefficient between results obtained
using spectrophotometric methods

DPPH |ABTS |TPR FRAP |CUPRAC |TPC TSC TFC | TP
DPPH 1.00
ABTS -0.56 |1.00
TPR 0.74 |-0.43 |[1.00
FRAP 0.97 |-0.48 |0.75 1.00
CUPRAC (0.54 |0.17 0.61 0.64 1.00

TPC 0.90 |-0.55 0.92 0.93 0.63 1.00

TSC 0.41 |0.14 |0.55 0.46 0.81 0.53 1.00

TFC 0.96 |-0.47 |0.70 0.92 0.56 0.83 0.35 1.00

TP 0.74 |-0.39 |0.81 0.74 0.64 0.83 0.77 0.67 |1.00

The strongest correlation was noticed between DPPH and FRAP
assays (0.97, p<0.05), followed by TRP and FRAP (0.75, p<0.05), DPPH,
and TRP (0.74, p<0.05). A strong correlation between DPPH and FRAP was
reported in the literature [33, 34], which is expected because both assays share
a similar mechanism, which includes electron transfer from an antioxidant to
reduce an oxidant. Since the TRP assay includes a reduction of Fe3* to Fe?* in
the FRAP assay, the correlation between them is also expected. ABTS assay
showed a poor and negative correlation with other spectrophotometric assays.
Also, the negative and low correlation was between ABTS assay and TPC,
TSC, TFC, and TP. ABTS reacts with small molecules and can give real
pictures of the antioxidant activity of plant extract [35].

A high positive correlation was recorded between TRP and TPC
(0.92, p<0.05), DPPH, and TPC assays (0.90, p<0.05). Also, a high positive
correlation was noticed between DPPH/TFC (0.96, p<0.05), TRP/TFC (0.7,
p<0.05), and FRAP/TFC (0.7, p<0.05). This positive correlation confirms that

100



COMPARISON OF ANTIOXIDANT ACTIVITY, TOTAL PHENOLIC, FLAVONOID,
PROANTHOCYANIDIN, SAPONIN CONTENTS OF EGGPLANT'S ...

phenolic and flavonoid compounds in eggplant samples contribute to their
antioxidant activity. Proanthocyanidin also showed good correlations with
TRP, FRAP, DPPH, and CUPRAC, so they also affected the antioxidant
activity of eggplant samples.

Of the many chemometric techniques, the most common are used
multivariate techniques that allow systematic data extraction, usually in large
sets. As this method reduces the dimensionality of the initial data without
losing essential information and retaining variability, the components with the
most significant variance were used [36]. PCA analysis gave two principal
components (PC) with eigenvalues>1, which is acceptable according to the
Kaiser criterion [37]. For PC analysis, we used eggplant samples as a case,
antioxidant assays (ABTS, DPPH, FRAP, and TRP), and assays for determining
total phenolic, flavonoid, proanthocyanidin, and saponin content as a variable.
These two principal components explain 87.26% of the total variance. The first
principal component (PC1) had the highest eigenvalue (6.22), explaining 69.11%
of the total variance. The second component had 1.64 eigenvalues, explaining
18.15% of the total variance. Based on the first principal component, all tested
samples were grouped into two groups. The first group is on the positive sides
of PC1 and PC2 and consists of eggplant pulp samples Tudela, Vernal, and
Aragon and one eggplant peel samples Rosa Bianca. Aragon and Rosa Bianca
pulp samples have the lowest DPPHi.ex Values (16.1 and 19.7, respectively).
Robi pulp sample is also in this group, on the negative side of PC2. This sample
stands out as a sample with the highest loading (-3.08) and the highest
contribution from ABTS (ABTSingex =100), which can also be seen in Figure 1, and
Tables 1 and 3. Rosa Bianca peel and Aragon pulp samples are in the upper right
quadrant (Figure 2), and CUPRAC is in the lower-left quadrant, indicating they
have the lowest value of CUPRAC (CUPRAC index value is 62.8 and 58.4,
respectively). The second group is on the negative side of PC1. This group
consists of Robi, Tudela, Vernal, and Aragon eggplant peel samples. According
to the component PC2, Robi and Aragon peel samples stand out on the positive
side of PC2; these are the samples with the highest values of TPC, TFC, and
the high values of DPPH (Figure 1 and Tables 1, 2 and 3). The Tudela and Vernal
peel samples are on the negative side of PC2, as samples with the highest value
of TSC (140.4 and 126 ug DSGE mg"' DW, respectively), TP (4.7 and 3.7 ug
CE mg' DW, respectively) and CUPRAC (88.67 and 90.3 ug TE mg"' DW,
respectively). Figure 1 shows that grouping spectrophotometric assays DPPH
and FRAP with TPC and TFC; CUPRAC with TSC and TP are consistent with
the Pearson correlation (Table 4).
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Figure 1. Grouping spectrophotometric assays based
on the antioxidant activity in tasted eggplant samples using PCA
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Figure 2. Grouping peel and pulp eggplant samples using PCA

From the results of the factor analysis, we can infer which assays or samples
contribute to the differentiation between the peel and pulp. The original correlation
matrix of the principal components underwent orthogonal varimax rotation, and
Table 5 present the factor loadings of the principal components PC1 and PC2.
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Table 5. The Varimax rotated matrix of principal components,

along with factor loading values and communalities

Component |Communalities Component | Communalities
PC1 |PC2 |[Initial |Extraction PC1 |PC2 |Initial|Extraction

DPPH 0.916 |0.308 |1.00 |0.933 Robi 0.878 |0.465 |1.00 |0.987
peel

TPC 0.872 |0.433 |1.00 |0.947 Vernal |0.856 (0.514 |1.00 |0.997
peel

FRAP 0.871 |0.397 |1.00 |0.916 Aragon |0.843 (0.532 |1.00 |0.994
peel

ABTS -0.826 (0.413 [1.00 |0.853 Tudela [0.840 |0.543 [1.00 [0.999
peel

TFC 0.815 [0.313 |1.00 |0.762 Vernal |0.771 (0.633 |1.00 |0.995
pulp

TRP 0.735 |0.486 |1.00 |0.777 Tudela [0.765 |0.637 [1.00 [0.991
pulp

Total 0.665 |0.612 |1.00 |0.817 Rosa 0.741 [0.667 |1.00 [0.994

proanthocya Bianca

nidins pulp

Total 0.167 |0.922 |1.00 |0.878 Rosa 0.739 [0.668 |1.00 |0.993

saponins Bianca
peel

CUPRAC 0.272 |0.906 |1.00 |0.895 Robi 0.454 |0.881 |1.00 |0.983
pulp

Eigen-values |6.158 |1.620 |9.00 |7.778 Aragon |0.693 (0.709 |1.00 |0.983
pulp

Variance (%) [53.202|33.218 (100 |86.42 Eigen- |9.656 [0.26 |10.00 |9.913
values
Variance|58.818 (40.341|100 |99.159
(%)

For instance, DPPH, TPC, FRAP, ABTS assay show high loadings
on PC1, whereas total saponins and CUPRAC exhibit hight loading on PC2.
This indicates that these assays have a greater influence on the formation of
the components.

High communalities for individual samples (e.g. Robi peel, Vernal peel
and Aragon peel) suggest that these samples share similar characteristics or
variations that are well-explained by the extracted components (PC1 and
PC2). Additionally, the communalities for pulp samples (e.g. Vernal pulp,
Tudela pulp) also show similar patterns.
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The same data matrix as in principal component analysis was used
for cluster analysis. This chemometric technique was used as a supplement
to PCA to obtain the most accurate classification of tested samples. The
results are shown in Figures 3 and 4. For clustering, Euclidean distance and
Ward’s method were used.

Ward's method

Euclidean distances
140

120

100

80

60

Linkage Distance

40

20

Robi peel
Robi pulp

o
Vernal peel —‘
Tudela peel —‘

Aragon peel —‘
L

Aragon pulp
Vernal pulp
Tudela pulp

Rosa Bianca peel
Rosa Bianca pulp

Figure 3. Grouping tested peel and pulp samples based
on the antioxidant activity using CA

Ward's method

Euclidean distances
700
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TSC CUPRAC FRAP TPC TRP  ABTS TP TFC DPPH

Figure 4. Grouping spectrophotometric assays based
on the antioxidant activity in tested eggplant samples using CA
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The first cluster consists of three subclusters: the first subcluster
includes Tudela, Vernal, and Aragon pulp samples; the second cluster includes
Rosa Bianca peel and Aragon pulp samples; and the third includes Robi pulp
samples. The second cluster comprises two subclusters: the first subcluster
includes Robi and Aragon peel samples, and the second subcluster includes
Tudela and Vernal peel samples. The explanation for this grouping of the
samples is the same as for PCA.

CONCLUSIONS

Antioxidant activity and bioactive compounds (phenolics, flavonoids,
proanthocyanidins and saponins) in five eggplant peel and pulp samples
commonly consumed in Serbia were analyzed using spectrophotometric
assays. According to the results, analyzed eggplant samples have a high
content of phenolic compounds and saponins. Higher total phenolic content
was recorded for peel than pulp samples, which is also the case with total
proanthocyanidin content. Total saponin and phenolic content strongly correlated
with all assays used for antioxidant activity determination, indicating those
compounds contribute the most to overall antioxidant activity. Chemometric
statistical techniques (PCA and cluster analysis) formed two groups of tested
samples according to antioxidant activity and total content of phenol, flavonoid,
proanthocyanidin, and saponin. Using the PCA analysis the parameters
differentiating the Rosa Bianca peel were revealed. They are low values of
TRP, TPC and CUPRAC assay.

EXPERIMENTAL SECTION
Methods and Materials

Sample preparation and extraction procedure

Five eggplant varieties, Robi, Tudela, Vernal, Aragon, and Rosa Bianca,
were purchased at the local market in Ni§, Serbia. The samples were prepared
according to Dranca and Oroian [38], with some modifications. The peel was
washed and separated from the pulp; samples were cut into pieces and
homogenized. Eggplant peel and pulp were lyophilized and kept in
polyethene bags at -20°C until analysis. Lyophilized samples (1 g) were
extracted twice for 15 min at 25 °C in an ultrasonic bath, using methanol as
a solvent. Samples were left in the solvent overnight, filtered, and evaporated
to dryness, using a vacuum rotary evaporator. Dimethyl sulphoxide (DMSO)
dissolved extracts to a final concentration of 100 mg mL-".
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Chemicals and instrumentation

2,2-Diphenyl-1-picrilhydrazyl (DPPH), 2,2-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS), Folin-Ciocalteu reagent, iron(lll) chloride hexahydrate,
6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid (Trolox), gallic acid,
ascorbic acid, (+)-catechin hydrate, vanillin, diosgenin, rutin, and methanol were
purchased from Sigma (St. Louis, Missouri, USA). Copper(Il) chloride dihydrate,
2,9-dimethyl-1, 10-phenanthroline (neocuproine), sodium carbonate, hydrochloric
acid, 2, 4, 6-Tris(2-pyridyl)-s-triazine (TPTZ), potassium hexacyanoferrate(lll),
phosphate buffer (NaH.PO4/Na;HPO,), ammonium acetate buffer, trichloroacetic
acid, potassium peroxodisulfate, AIClz x 6H.O, DMSO, H>SO4, hydrochloric
acid, sodium hydroxide, sodium nitrite, and iron(ll) sulfate heptahydrate were
purchased from Merck (Darmstadt, Germany), all listed chemicals are of
analytical grade.

For spectrophotometric analysis, UV/VIS spectrophotometer was
used (Perkin Elmer Lambda 15, Massachusetts, USA).

A lyophilizer (Christ, Germany) was used to dry the samples.

DPPH radical scavenging activity

The DPPH radical assay was conducted according to the method
described by Brand-Wiliams et al. [39]. The extract aliquot (10 yL) was mixed
with DPPH solution and diluted with methanol to a final volume of 4 mL. After
the mixture was incubated for 60 minutes in the dark at room temperature,
absorbance was recorded at 515 nm. The results were expressed as ug
Trolox equivalent (TE) per mg of extract’s dry weight (DW).

ABTS radical scavenging activity

The ABTS radical activity assay was conducted according to the
method described by Re et al. [40]. Previously prepared ABTS solution was
mixed with extract aliquot (10 uL), and the mixture was diluted with methanol to a
final volume of 4 mL. After the mixture was incubated (6 min; room temperature),
absorbance was recorded at 734 nm. The results were expressed as ug Trolox
equivalent (TE) per mg of extract’s dry weight (DW).

Total Reducing Power Assay (TRP)

The total reducing power assay was determined as per the method
described by Oyaizu [41], based on the ability of antioxidants in samples can
reduce Fe(lll) to Fe(ll). Briefly, 10 pyL extracts were mixed with 1 mL of 1%
Ks[Fe(CN)s] and the same volume of phosphate buffer pH 6.6 solution and
water. This mixture was incubated for 30 minutes at 50 °C. After incubation,
1 mL of CCI3COOH and 0.6 mL FeCl; were added. The absorbance was
recorded at 700 nm, and results were expressed as pg ascorbic acid equivalent
(AAE) per mg of extract’s dry weight (DW).
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Ferric Reducing Antioxidant Power Assay (FRAP)

FRAP assay [42] was used method that uses antioxidants as reductants
in colorimetric reaction where Fe3*-TPTZ is reduced to blue Fe?*-TPTZ complex.
Extract aliquot (10 pL) was mixed with 3 mL of freshly prepared FRAP solution
and diluted with water to a final volume of 4 mL. Then the mixture was incubated
for 5 min at 37 °C, absorbance was recorded at 595 nm, and results were
expressed as ug Fe(ll) per mg of extract’s dry weight (DW).

Cupric lon Reducing Antioxidant Capacity Assay (CUPRAC)

CUPRAC assay of antioxidant measurement was used. The Cu(ll)-
neucuproine complex oxidize to orange-yellow Cu(l)-neocuproine complex [43].
The stable complex of Cu(l) with neocuproine was obtained by mixing 10 uL
of extract solution, 1 mL of neocuproine, 1 mL of ammonium acetate solution,
1 mL of CuCly, and 1.9 mL of ethanol. The absorbance of this complex was
measured at 450 nm after incubation for 30 minutes at room temperature.
The results were expressed as pg Trolox (TE) per mg of extract’s dry weight
(DW).

Total Phenolic Content (TPC)

Total phenolic content was determined using modified Folin-Ciocalteu
method [44]. The extract's solution volume of 0.1 mL was mixed with Folin-
Ciocalteu reagent, 20% sodium carbonate, and deionized water. After incubation
for 30 minutes in the dark, absorbance was measured at 750 nm. Results
were expressed as ug gallic acid equivalents (GAE) per mg of extract’s dry
weight (DW).

Total Saponin Content (TSC)

Total saponin content was determined using spectrophotometric
method as per the method described by Hiai et al. [45]. The method is based on
the reaction of triterpene, oxidized by sulfuric acid with vanillin, which produces
a coloured product with maximum absorbance at 544 nm. The extract’s solution
aliquot was mixed with vanillin and H2SO., and then the mixture was incubated
in a water bath for 10 minutes at 60 °C. The results were expressed as ug
diosgenin equivalents (DSGE) per mg of extract’s dry weight (DW).

Total Flavonoid Content (TFC)

A mixture for total flavonoid content determination was prepared by mixing
0.1 mL of the extract, deionized water, and NaNO,. The obtained mixture was
incubated for 5 minutes at room temperature, then AlCI; solution was added,
followed by incubation for 5 minutes, and NaOH was added. The absorbance was
recorded at 510 nm, according to Jia et al. [46]. The results were expressed
as ug of rutin equivalents (RE) per mg of extract’s dry weight (DW).
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Total Proanthocyanidin Assay (TP)

This assay is a quick method for quantitatively determining
proanthocyanidin (condensed tannin) in many plant materials [47]. Total
proanthocyanidin was estimated using method previously described by Price
et al. [48]. The extract’s solution was mixed with 4% vanillin and conc. HCI.
After 15 minutes of incubation, absorbance was recorded at 500 nm. The
results were given as pg of catechin equivalents (CE) per mg of extract’s dry
weight (DW).

Antioxidant Composite Index

The antioxidant composite index — ACI and the antioxidant index
were calculated using the following equations [49]:

ACI _ (ABTSindextDPPHindex+FRAPindex+TRPindex+CUPRACindex) (1)
index —
5

Where ABTSindex, DPPHindex, ABTSindex, FRAPindex, TRPindex and CUPRACindex
are calculated by taking the sample score, dividing it by the best score, and
then multiplying the result by 100.

Statistical analysis

The results were presented as mean value * standard deviation (SD)
of triple measurements. Two statistical techniques were used for statistical
data processing - the principal component analysis (PCA) and cluster
analysis (CA) using Statistica 8.1 (StatSoft, Tusla) software. The principal
component analysis is a method used to reduce the number of variables,
with new variables independent of one another [50]. Cluster analysis is a
chemometric technique examining variables’ relationships [51]. At the same
time, the dendrogram, which is obtained, gives an overview of the sample
grouping based on the results of spectrophotometric assays.
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