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a b s t r a c t

This research was performed in order to compare the water and acetone extracts of raw and boiled for 10,
20, 40 and 60 min Korean lotus roots (KLR) and Polish white onion (PWO) in the contents of their
bioactive compounds, antioxidant activity and thermostability.

It was found that polyphenols (mg GAE/g), flavanols (mg GAE/g), flavonoids (mg CE/g), anthocyanins
(mg CGE/kg) and tannins (mg CE/g) in water extract of raw lotus roots were 14.18 � 0.7, 8.41 � 0.5,
1.09 � 0.06, 21.3 � 1.2 and 7.29 � 0.4, and of white onion e 11.11 � 0.6, 6.78 � 0.3, 0.71 � 0.03, 17.00 � 0.9
and 1.64 � 0.08, respectively, and significantly higher in KLR (P < 0.05). The antioxidant activity of raw
KLR water extract (139.4 � 6.1, 53.1 � 3.6 and 89.3 � 4.6 mmol TE/g for DPPH, CUPRAC and ABTS,
respectively) was significantly higher than in white onion (23.84 � 1.8, 31.9 � 2.1 and 38.14 � 2.6 for
DPPH, CUPRAC and ABTS, respectively, P < 0.05).

The thermostability of the water KLR extract’s of polyphenols, flavanols, flavonoids, anthocyanins and
tannins was high and even after 60 min of boiling remains as 40.0, 42.3, 50.5, 41.4 and 41.0%, respectively.
After 60 min of boiling the most thermostable compounds were flavonoids e remaining at 50.5% in water
extract of KLR. Also after 60 min of boiling the thermostability of the antioxidant activity of water
extracts of KLR remained significantly high: 40.6, 42.3, 46.3 and 43.6%, according to DPPH, FRAP, ABTS
and CUPRAC assays, respectively.

Similar relationshipwas obtainedwith acetone extracts, but the valuewas lower thanwith thewater ones.
In conclusion, the contents of some bioactive compounds, the antioxidant activity and the thermostability in
water and acetone extracts of KLR are significantly higher than the same indices in PWO. FTIR andfluorimetry
can be used as additional markers for the characterization of bioactive compounds in vegetables.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Scientific investigations show that fruits and vegetables
consumption prevents and treats some diseases (He, Nowson, &
MacGregor, 2006; Ignarro, Balestrieri, & Napoli, 2007; Lichtenstein
et al., 2006). Above mentioned health properties of these natural
products depend on their antioxidants, mainly phenolics (Brand
et al., 2004; Gorinstein et al., 2009; Hooper & Cassidy, 2006).

Amongwell known vegetables in the Europe and North America
are onions (Allium cepa), which are frequently consumed after
All rights reserved.
cooking (Barzegar, Rajabi, Hassandokht, & Jabbari, 2008; Miglio,
Chiavaro, Visconti, Fogliano, & Pellegrini, 2008). The wide
consumption of this vegetable is connected to the fact that people
believed that onion cures some diseases. However, only recently
the scientific investigations showed that onions contain high
quantities of bioactive compounds which effective in prevention of
cancer and heart diseases (Pellegrini et al., 2009; Prakash, Singh, &
Upadhyay, 2007; Rune, Torgils, & Molund, 2007). Lotus roots, which
are less known in Europe and North America, are very popular in
countries of South-East Asia (Sridhar & Bhat, 2007; Wang, Yen,
Liang, & Wu, 2003; Zhang, Yang, Xi, & Fu, 2008). Also lotus is
mostly consumed after processing. We decided to compare these
two vegetables (Polish white onion and Korean lotus roots) in order
to find similarity features. It is known that processing leads to some

mailto:gorin@cc.huji.ac.il
www.sciencedirect.com/science/journal/00236438
http://www.elsevier.com/locate/lwt
http://dx.doi.org/10.1016/j.lwt.2010.05.037
http://dx.doi.org/10.1016/j.lwt.2010.05.037
http://dx.doi.org/10.1016/j.lwt.2010.05.037


M.H. Im et al. / LWT - Food Science and Technology 44 (2011) 92e99 93

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

changes in the contents of the bioactive compounds and antioxi-
dant activity of vegetables (Bushra, Farooq, & Shahid, 2008;
Cavagnaro, Sance, & Galmarini, 2007; Erguder, Avci, Devrim, &
Durak, 2007; Ferracane et al., 2008; Grzelak, Milala, Krol,
Adamicki, & Badelek, 2009; Jimenez-Montral, Garcia-Diz,
Martinez-Tome, Mariscal, & Murzia, 2009; Song & Thornalley,
2007). Therefore, we compared the contents of the bioactive
compounds, antioxidant activity and thermostability in the water
and acetone extracts of raw and boiled for 100, 200, 400 and 600 of
Polish white onion (PWO) and Korean lotus roots (KLR).

In order to receive reliable antioxidant activity data four tests
(ABTS�þ, FRAP, DPPH and CUPRAC) were used (Apak, Guclu,
Ozyurek, & Karademir, 2004; Ozgen, Reese, Tulio, Scheerens, &
Miller, 2006). We did not find published data of such investigations.

2. Materials and methods

2.1. Chemicals

6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Tro-
lox), 2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS),
potassium persulfate, 1,1-diphenyl-2-picrylhydrazyl (DPPH), Folin-
Ciocalteu reagent (FCR), FeCl3.6H2O, CuCl2.2H2O, 2, 9-dimethyl-1,
10-phenanthroline (neocuproine), and butylated hydroxyanisole
(BHA) were purchased from Sigma Chemical Co., St. Louis, MO, USA.
2,4,6-tripyridyl-s-triazine (TPTZ) was purchased from Fluka
Chemie, Buchs, Switzerland. All reagents were of analytical grade.
Deionized and distilled water was used throughout.

2.2. Samples

Raw Polish white onions (A. cepa) were donated by the Polish
firm “Elena”.

The Korean white lotus roots were purchased by one of the
investigators at a local market Gwangju, Republic of Korea. The
samples were prepared according to the following steps of treat-
ments: bulbs ofwhite onions and lotuswerewashed, cleaned, peeled
and cut with plastic knife for pieces before the heat treatment. The
studied vegetables were boiled, starting from 10 min and increasing
till 60 min. This protocol is applied in the present study, because it is
similar for everyday food cooking (Gorinstein et al., 2009).

2.3. Preparation of extracts

The shredded samples were freeze-dried (CHRIST ALPHA 2-4
LDplus Freeze Dryer, Martin Christ Gefriertrocknungsanlagen GmbH,
OsterodeamHarz,Germany)andthengroundtopowder. Thepowder
was stored at �20 �C in sealed bags until extraction of antioxidant
phytochemicals. Defatted lyophilised vegetable samples were
extracted froma 50mgaliquotwith 5mLofwater or 100%of acetone.
The samples were extracted three times, and the extracts portions
were combined (Gorinstein et al., 2009; Park et al., 2009; Pellegrini
et al., 2009; Vinson, Hao, Su, & Zubik, 1998; Wu et al., 2004). The
extracts were used for determination of the bioactive compounds,
thermostability and antioxidant activity and kept until use at�20 �C
for acetone extracts. The water extracts were done immediately. The
extracted samples were divided into 20 groups named: Lotusraw-
Water, OnionrawWater, LotusrawAcetone and OnionrawAcetone,
which were extractedwithout processing, and LotusWater100, Onion
Water 100, LotusAcetone100, OnionAcetone100, LotusWater200, Onion
Water200, LotusAcetone200, OnionAcetone200, LotusWater400,
OnionWater400, LotusAcetone400, OnionAcetone400, Lotus
Water600, OnionWater600, LotusAcetone600, OnionAcetone600,
which were boiled for 100, 200, 400 and 600, respectively.
2.4. Determination of the contents of the bioactive compounds

2.4.1. Fourier-transform infrared (FTIR) spectra of polyphenols
The presence of polyphenols (flavonoids and phenolic acids) in

the investigated samples were studied by Fourier-transform
infrared (FTIR) spectroscopy.

A Bruker Optic GMBH Vector FTIR spectrometer (Bruker Optic
GMBH, Attingen, Germany) was used to record IR spectra.
A potassium bromide microdisk was prepared from finely ground
lyophilised powder of 2 mg of vegetable samples with 100 mg
of KBr (Park et al., 2009).

2.4.2. Fluorescence measurements
Fluorescence spectra for water and acetone vegetables extracts

were recorded on amodel FP-6500, Jasco spectrofluorometer, serial
N261332, Japan, 124 equipped with 1.0 cm quartz cells and a ther-
mostat bath.

The widths of the excitation and the emission slits were set to
10.0 and 5.0 nm, respectively. The three dimensional spectra were
collected with subsequent scanning emission spectra from 250 to
750 nm at 1.0 nm increments by varying the excitation wavelength
from 250 to 500 nm at 10 nm increments. The scanning speed was
set at 1000 nm/min for all measurements. All measurements were
performed with emission mode and with intensity from �100 to
1000 (Wulf, Geyer, Nicolai, & Zude, 2005).

The studied bioactive compounds were determined as previ-
ously described (Gorinstein et al., 2009; Park et al., 2009).

To determine the total amount of polyphenols in the studied
extracts, the Folin-Ciocalteu reagent (FCR) was used, and the
measurement was performed at 765 nm with gallic acid as stan-
dard. Results were expressed as mg of gallic acid equivalent (GAE).

Flavonoids, extracted with 5 g/100 ml NaNO2, 10 g/100 ml
AlCl3.6H2O and 1M NaOH, were measured at 510 nm (Singleton,
Orthofer, & Lamuela-Raventos, 1999).

The total flavanols amount was estimated using the p-dime-
thylaminocinnamaldehyde (DMACA) method, and then the absor-
bance at 640 nm was read (Arnous, Makris, & Kefalas, 2001).

The absorbances for total anthocyanins were measured for two
pH values (1.0 and 4.5) in a Beckman spectrophotometer at 510 nm,
using the pH differential method. Results were expressed as milli-
grams of cyanidin-3-glucoside equivalent (CGE) (Lo Scalzo, Genna,
Branca, Chedin, & Chassaigne, 2008).

The extracts of condensed tannins (procyanidins) with 4 ml/
100 ml methanol vanillin solution were measured at 500 nm
(þ)-Catechin served as a standard for flavonoids, flavanols, and
tannins, and the results were expressed as catechin equivalents
(CE).

2.5. Determination of the antioxidant activity

The following 4 tests were used:

(1) Ferric-reducing/antioxidant power (FRAP) assay measures the
ability of the antioxidants in the investigated samples to reduce
ferric-tripiridyltriazine (Fe3þ-TPTZ) to a ferrous form (Fe2þ),
which absorbs light at 593 nm.

(2) 2,2-Azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) dia-
monium salt (ABTS�þ): ABTS�þ radical cationwas generated by
the interaction of ABTS (7 mmol/L) and K2S2O8 (2.45 mmol/L).
This solution was diluted with methanol until the absorbance
in the samples reached 0.7 at 734 nm.

(3) 1,1-Diphenyl-2-picrylhydrazyl method (DPPH): DPPH solution
(3.9 mL, 25 mg/L) in methanol was mixed with the samples
extracts (0.1 mL). The reaction progress was monitored at
515 nm until the absorbance was stable.

http://mostwiedzy.pl
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(4) Cupric reducing antioxidant capacity (CUPRAC): This assay is
based on utilizing the copper (II)-neocuproine [Cu (II)-Nc]
reagent as the chromogenic oxidizing agent. The absorbance at
450 nm was recorded against a reagent blank (Apak et al.,
2007; Ozgen et al., 2006; Pellegrini et al., 2009; Singh,
Chidamdara, & Jayaprakasha, 2002).

2.6. Thermostability

The thermostability was calculated as a ratio between the data
after 60 min boiling and the data of raw vegetables (in %).
2.7. Statistical analysis

The results of this investigation are means � SD of five
measurements. Differences between samples were tested by two-
way ANOVA using GraphPad Prism, version 2.0. (GraphPad Soft-
ware, San Diego, CA), following by Duncan’s new multiple range
test to assess differences groups means. The P values of <0.05 were
considered significant.
3. Results

3.1. Bioactive compounds

3.1.1. FTIR spectra
The wavenumber of FTIR spectra for catechin at 827, 1039, 1115,

1143, 1286, 1478, 1511 and 1610 cm�1 were assigned to CeH
alkenes, eCeO alcohols, CeOH alcohols, eOH aromatic, CeO alco-
hols, CeH alkanes, C]C aromatic ring, and C]C alkenes. Gallic acid
showed the following wavenumbers (cm�1): 866, 1026, 1238, 1450,
1542 and 1618.

Samples of raw white onion (upper curve, Fig. 1) and raw lotus
roots (lower curve, Fig. 1) in the polyphenols region showed
slightly different bands than the standards: 922, 1048, 1248 and
1634 cm�1, but the wavelengths of the bands were similar in two
vegetables samples.

3.1.2. Fluorimetric measurements
In order to introduce an additional analytical tool for differen-

tiation and similarity between two vegetables in raw and processed
Fig. 1. FTIR spectra of raw white onion (uppe
forms fluorescence was carried out. We are the first ones to apply
3D fluorescence for such purpose.

3D -fluorescence spectra [Fig. 2, acetone extracts of white onion
boiled for 60 min (A), raw white onion (B), lotus boiled for 60 min
(C) and raw lotus (D)] illustrated the elliptical shape of contours.
The X-axis represents the emission spectra from 250 to 750 nm,
while the Y-axis is the excitation spectra from 250 to 500 nm.

In three-dimensional fluorescence spectra the excitation and the
emissionwavelengthsand thefluorescence intensitywereusedas the
axes in order to investigate the information of the extracted bioactive
compounds in the samples, and the contour spectra provided more
information. The contour and cross viewmaps [(Aa, Ab (peaks ex/em
350/420); Ba, Bb (peaks ex/em 350/420); Ca, Cb (peak ex/em 350/
390); Da, Db (peak ex/em 350/390)] displayed a view of the fluores-
cence spectra. For lotus samples the spectrawasmore condense than
for onions. Fig. 3 presented the water extracts in a similar way as the
acetoneones (Fig. 2)witha shift in their spectra: thecontourandcross
viewmaps [Aa,Ab(at0.005mg/mLpeaksex/em,275/370;ex/em350/
430);Ba,Bb (peaksex/em,275/360;ex/em350/430);Ca,Cb(peaksex/
em, 275/340; ex/em 350/430); Da, Db (peaks ex/em 275/280,310; ex/
em 350/400,700)] displayed a view of the fluorescence spectra. All
spectra of acetone and water extracts showed for raw and boiled
white onion and lotus for 60min not exactly the same profile of one
main peak at location of ex 275 and 350 nm.

The results of the determination of the contents of the studied
bioactive compounds are summarized in the Table 1. As can be seen
(Table 1), the contents of polyphenols (mg GAE/g), flavanols
(mg GAE/g), flavonoids (mg CE/g), anthocyanins (mg CGE/kg) and
tannins (mg CE/g) in water extract of raw lotus roots were
14.18 � 0.7, 8.41 � 0.5, 1.09 � 0.06, 21.3 � 1.2 and 7.29 � 0.4, and of
white onion e 11.11 � 0.6, 6.78 � 0.3, 0.71 � 0.03, 17.0 � 0.9 and
1.64 � 0.08, respectively. As can be seen, the contents of all studied
bioactive compounds were significantly higher in water extract of
lotus roots (P < 0.05).

Also after boiling for 60 min the significantly higher contents of
polyphenols, flavanols, flavonoids, anthocyanins and tannins
(P < 0.05) were registered in the water extracts of lotus roots
(5.67 � 0.3 mg GAE/g, 3.56 � 0.12 mg CE/g, 0.55 � 0.02 mg CE/g,
8.82 � 0.6 mg CGE/kg and 2.99 � 0.2 mg CE/g) vs. these indices in
white onion (4.24 � 0.2 mg GAE/g, 2.51 � 0.11 mg CE/g,
0.25 � 0.02 mg CE/g, 6.51 � 0.4 mg CGE/kg and 0.56 � 0.04 mg CE/
g), respectively.
r curve), and raw lotus roots (low curve).

http://mostwiedzy.pl


Fig. 2. Three dimensional fluorescence map of acetone extracts of white onion boiled for 60 min (A), fresh white onion (B), lotus boiled for 60 min (C), lotus fresh (D), respectively.
The contour map (Aa, Ab, Ba, Bb, Ca, Cb, Da, Db) displayed a view of the corresponding fluorescence spectra. The three dimensional spectra were with emission from 250 to 750 nm
and the excitation wavelengths from 250 to 500 nm, scanning speed was 1000 nm/min, emission mode and fluorescence intensity 1000. Abbreviations: A-E on axis Z: Int,
fluorescence intensity; X: Em. Wavelength, emission wavelength; Y: Ex. Wavelen, excitation wavelength; (Aa, Ab, Ba, Bb, Ca, Cb, Da, Db) on axis X: Em Wavelength, emission
wavelength; Y, excitation wavelength; all the fluorescence intensity values from �100 to 1000 are presented.

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


Fig. 3. Three dimensional fluorescence map of water extracts of white onion boiled for 60 min (A), fresh white onion (B), lotus boiled for 60 min (C), lotus fresh (D), respectively. The
contour map (Aa, Ab, Ba, Bb, Ca, Cb, Da, Db) displayed a view of the corresponding fluorescence spectra. The three dimensional spectra were with emission from 250 to 750 nm and
the excitation wavelengths from 250 to 500 nm, scanning speed was 1000 nm/min, emission mode and fluorescence intensity 1000. Abbreviations: A-E on axis Z: Int, fluorescence
intensity; X: Em. Wavelength, emission wavelength; Y: Ex. Wavelen, excitation wavelength; (Aa, Ab, Ba, Bb, Ca, Cb, Da, Db) on axis X: Em Wavelength, emission wavelength; Y,
excitation wavelength; all the fluorescence intensity values from �100 to 1000 are presented.
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Table 1
Bioactive compounds in water and acetone extracts from raw lotus and white onion and samples subjected to boiling for different duration of time.

Sample Polyphenols mg GAE/g Flavanols mg CE/g Flavonoids mg CE/g Anthocyanins mg CGE/kg Tannins mg CE/g

LotusrawWater 14.18 � 0.7b 8.41 � 0.5b 1.09 � 0.06b 21.30 � 1.2b 7.29 � 0.4b

LotusrawAcetone 1.22 � 0.06a 2.43 � 0.1a 0.02 � 0.001a 2.20 � 0.1a 0.22 � 0.01a

OnionrawWater 11.11 � 0.6b 6.78 � 0.3b 0.71 � 0.03b 17.00 � 0.9b 1.64 � 0.08b

OnionrawAcetone 1.58 � 0.08a 1.40 � 0.07a 0.04 � 0.002a 3.00 � 0.2a 0.16 � 0.008a

LotusWater100 13.33 � 0.7b 7.91 � 0.4b 1.020 � 0.06d 20.0 � 1.1b 6.85 � 0.4b

LotusAcetone100 1.15 � 0.06a 2.28 � 0.1a 0.019 � 0.001a 2.07 � 0.06a 0.21 � 0.01a

OnionWater 100 10.44 � 0.6b 6.37 � 0.3b 0.670 � 0.05b 16.00 � 0.9b 1.54 � 0.07b

OnionAcetone100 1.48 � 0.06a 1.32 � 0.06a 0.038 � 0.002a 2.82 � 0.02a 0.15 � 0.008a

LotusWater200 10.78 � 0.6b 6.39 � 0.4b 0.830 � 0.06b 16.19 � 0.8 b 5.54 � 0.3b

LotusAcetone200 0.93 � 0.06a 1.85 � 0.09a 0.015 � 0.001a 1.67 � 0.06a 0.17 � 0.01a

OnionWater200 8.44 � 0.5b 5.15 � 0.3b 0.540 � 0.03b 12.9 � 0.6 b 1.25 � 0.06b

OnionAcetone200 1.20 � 0.06a 1.06 � 0.01a 0.03 � 0.0002a 2.28 � 0.08a 0.12 � 0.008a

LotusWater400 7.52 � 0.6b 4.46 � 0.3b 0.58 � 0.04b 11.29 � 0.6b 3.86 � 0.06b

LotusAcetone400 0.65 � 0.06a 1.29 � 0.06a 0.011 � 0.001a 1.17 � 0.06a 0.17 � 0.01a

OnionWater400 5.89 � 0.4b 3.59 � 0.2b 0.38 � 0.02b 9.01 � 0.6b 0.87 � 0.06b

OnionAcetone400 0.84 � 0.07a 0.74 � 0.04a 0.021 � 0.002a 1.59 � 0.07a 0.08 � 0.006a

LotusWater600 5.67 � 0.3b 3.56 � 0.12b 0.55 � 0.02b 8.82 � 0.6b 2.99 � 0.2b

LotusAcetone600 0.49 � 0.03a 0.97 � 0.06a 0.008 � 0.001a 0.88 � 0.05a 0.09 � 0.006a

OnionWater600 4.24 � 0.2b 2.51 � 0.11b 0.25 � 0.02b 6.51 � 0.4b 0.56 � 0.04b

OnionAcetone600 0.63 � 0.05a 0.56 � 0.04a 0.016 � 0.001a 1.22 � 0.06a 0.07 � 0.004a

Values aremeans of fivemeasurements� SD.Means in columnswith different superscript letters separately for water and acetone extracts for raw and processed for 10, 20, 40
and 60 min vegetables. Values within a column with different superscript letters differ significantly (P < 0.05).

Table 2
Antioxidant tests of water and acetone extracts of raw lotus and white onion and
subjected to boiling for different duration of time.

Sample FRAP,
mmol TE/g

DPPH,
mmol TE/g

CUPRAC,
mmol TE/g

ABTS,
mmol TE/g

LotusrawWater 22.8 � 1.8b 139.4 � 6.1b 53.1 � 3.6b 89.3 � 4.6b
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3.2. Antioxidant activity

The results of the determination of the level of antioxidant
activity of water and acetone extracts of raw lotus and white onion
and subjected to boiling for different duration of time are shown in
the Table 2. As can be seen, the antioxidant activity (mmol TE/g) of
the raw lotus roots water extract according to DPPH, CUPRAC and
ABTS assays (139.40 � 6.1, 53.10 � 3.6 and 89.30 � 4.6) was
significantly higher than that of the raw white onion water extract
(23.84 � 1.8, 31.90 � 2.1 and 38.14 � 2.6, respectively).

Also after boiling for 60min the high level of antioxidant activity
was found in water extract of lotus roots (9.27 � 0.6, 58.97 � 3.1,
24.6 � 1.5 and 38.9 � 1.9 mmol TE/g according to FRAP, DPPH,
CUPRAC and ABTS tests, respectively)e higher than inwater extract
of white onion.
LotusrawAcetone 1.81 � 0.1a 1.56 � 0.1a 2.18 � 0.2a 4.03 � 0.2a

OnionrawWater 24.5 � 1.9b 23.84 � 1.8b 31.9 � 2.1b 38.14 � 2.6b

OnionrawAcetone 2.98 � 0.2b 2.34 � 0.2a 2.28 � 0.2a 5.79 � 0.3a

LotusWater100 21.50 � 1.3b 129.98 � 5.7b 51.84 � 3.1b 82.3 � 4.6b

LotusrawAcetone 1.61 � 0.1a 1.41 � 0.1a 1.89 � 0.1a 3.63 � 0.2a

OnionWater 100 21.95 � 1.3b 21.97 � 1.3b 29.69 � 2.1b 35.05 � 2.4b

OnionAcetone100 2.71 � 0.2a 2.11 � 0.2a 2.02 � 0.1a 5.02 � 0.3a

LotusWater200 17.50 � 1.3b 111.28 � 5.5b 46.42 � 2.5b 73.4 � 3.6b

LotusAcetone200 1.21 � 0.1a 1.21 � 0.1a 1.22 � 0.1a 3.23 � 0.2a

OnionWater200 18.95 � 1.3b 19.72 � 1.1b 24.93 � 1.7b 31.15 � 2.1b

OnionAcetone200 2.11 � 0.2a 1.91 � 0.1a 1.42 � 0.1a 4.01 � 0.3a

LotusWater400 12.25 � 1.1b 77.89 � 4.1b 32.39 � 1.7b 51.38 � 2.6b

LotusAcetone400 0.84 � 0.1a 0.85 � 0.1a 0.85 � 0.1a 2.26 � 0.2a

OnionWater400 13.19 � 1.2b 13.80 � 1.1b 17.45 � 1.3b 21.81 � 1.4b

OnionAcetone400 1.47 � 0.1a 1.34 � 0.1a 0.99 � 0.1a 2.80 � 0.3a

LotusWater600 9.27 � 0.6b 58.97 � 3.1b 24.60 � 1.5b 38.90 � 1.9b

LotusAcetone600 0.64 � 0.05a 0.64 � 0.05a 0.65 � 0.04a 1.71 � 0.08a

OnionWater600 10.04 � 0.7b 10.45 � 0.7b 13.21 � 0.9b 16.51 � 1.1b

OnionAcetone600 1.11 � 0.1a 1.20 � 0.08a 0.75 � 0.06a 2.12 � 0.1a

Values are means � SD of 5 measurements.
Values in columns with different superscript letters are significantly different
(P < 0.05).
Per g dry weight.
Abbreviations: FRAP, Ferric Reducing Antioxidant Power; DPPH, 1-Diphenyl-2-
picrylhydrazyl method; CUPRAC, Cupric reducing antioxidant capacity; ABTS�þ, 2,2-
Azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diamonium salt; TE, Trolox
equivalent.
3.3. Thermostability

It was found that the thermostability (Table 1) of the poly-
phenols, flavanols, flavonoids, anthocyanins and tannins of the
water extract of lotus roots were high and even after 60 min of
boiling remains 40.0, 42.3, 50.5, 41.4 and 41.0%, respectively. The
thermostability of polyphenols, flavanols, flavonoids and tannins of
white onion after 60 min of boiling was only 38.0, 37.0, 35.2, 38.3
and 34.1%, respectively. As can be seen, the most thermostabile
among biocompounds were flavonoids (50.5%) of water extract of
lotus roots.

According to the calculation (a ratio between the data after
60 min boiling and the data of raw vegetables) the thermosta-
bility of the water lotus roots extract antioxidant activity even
after 60 min of boiling remained significantly high: 40.6, 42.3,
46.3 and 43.6% according to DPPH, FRAP, ABTS and CUPRAC,
respectively. The thermostability of the white onion water
extract’s antioxidant activity after 60 min boiling was 40.9, 43.8,
41.4 and 43.3% according to DPPH, FRAP, ABTS and CUPRAC
assays, respectively.

As can be seen, the data of thermostability for lotus roots and
white onion were comparable. The same relationship was found in
acetone extracts of the studied vegetables.
4. Discussion

The vegetables are a part of the diet (He et al., 2006). It was
shown that onions are among the most consumed vegetables
(Gorinstein et al., 2009; Grzelak et al., 2009). On the other hand,
lotus roots which are very popular in countries of South-East Asia
are less known in Europe and North America. Processing of vege-
tables leads to changes in the contents of bioactive compounds and
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antioxidant activity (Ferracane et al., 2008; Miglio et al., 2008;
Pellegrini et al., 2009). It was of interest to know the degree of
such changes. Therefore, in this investigation were determined not
only the contents of bioactive compounds and antioxidant activity
of raw Korean lotus roots and Polish white onion, but also these
indices in the samples subjected to boiling for 10, 20, 40 and
60 min. Simultaneously, the thermostability of the bioactive
compounds and their antioxidant activity were studied.

A wide variability of bioactive compounds and the antioxidant
activity of vegetables were shown (Grzelak et al., 2009;
Lichtenstein et al., 2006; Yao et al., 2004). The composition of
some onion cultivars (Barzegar et al., 2008) showed similar data
(total phenolics in water extract e 58.3e180.7 mg TAE/100 g DW,
and in methanol extract e 20.9e71.4 mg TAE/100 g DW) as our
results. It was found that all cultivars are rich in bioactive
compounds. However, their content differed significantly. The
contents of all studied bioactive compounds were significantly
higher in water extract of raw lotus roots (P < 0.05). It was found
high level of antioxidant activity in lotus (Miao & Wu, 2008). Also
other authors evaluated high contents of bioactive compounds in
lotus roots (Rune et al., 2007). According to these authors, lotus
roots are among the richest sources of dietary flavonoids and
contribute to a large extent to the overall intake of flavonoids. Rune
et al. (2007) found that red onions contain 415e1917 mg flavonols
per kg FW. Also the antioxidant activity of raw lotus root water
extract (Table 2) was significantly higher than in white onion
(P < 0.05). After boiling for 60 min high contents of polyphenols,
flavanols, flavonoids, anthocyanins and tannins were registered in
lotus (Table 1) as an evidence of high thermostability of this
vegetable. The data of Zhang et al. (2008) are in accordance with
our results. Also after boiling for 60 min the high level of antioxi-
dant activity was found in water extract of lotus roots (Table 1) e
higher than in water extract of white onion. The results are in
accordance with Jimenez-Montral et al. (2009).

As it was found that the thermostability of the polyphenols,
flavanols, flavonoids, anthocyanins and tannins of the water extract
of lotus roots was high and even after 60 min of boiling remains
from 40 to 51% vs. 34 to 38% for white onion, respectively. The most
thermostabile among biocompounds were flavonoids in 72.65 and
57.64% after 60 min boiling of water lotus roots extract (50.5%). It
has been reported in the literature that flavonoids, especially the
flavan-3-ols catechin, epicatechin, gallocatechin, and epi-
gallocatechin, are more thermostable and the extra-stability in
aqueous solution is due to intermolecular H-bonding of flavonoids
(Mohd Zainol, Abdul-Hamid, Abu Bakar, & Pak Dek, 2009).

The thermostability of the lotus roots water extract’s antioxi-
dant activity even after 60 min boiling remained relatively high
from 40e46%, according to DPPH, FRAP, ABTS and CUPRAC,
respectively, and significantly higher than of white onion.

In conclusion, the content of some bioactive compounds, the
antioxidant activityand thermostability inwaterandacetoneextracts
of Korean lotus roots are significantly higher than the same indices of
Polish white onion, and they were higher in water than in acetone
extracts. FTIR and fluorimetry can be used as additional markers for
the characterization of bioactive compounds in vegetables.
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