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Abstract The bioactivity of two kiwifruit’s cultivars growing
under organic and conventional conditions were studied and
compared. The bioactive compounds were extracted with
water and ethanol using similar conditions which are applied
in pharmaceutical applications and for daily fruit consumption
such as tea drink. Antioxidant radical scavenging assays
[ferric-reducing/antioxidant power (FRAP); cupric reducing
antioxidant capacity (CUPRAC); 2, 2-azino-bis (3-ethylbenz-
thiazoline-6-sulfonic acid) (ABTS)], fourier transform infra-
red (FT-IR) and ultraviolet spectroscopy, two (2D-FL) and

three-dimensional (3D-FL) fluorometry were used for the
detection of biologically activemetabolites derived from kiwi-
fruits (total phenols, flavonoids, chlorophylls, carotenoids and
ascorbic acid). The correlation between the total phenol con-
tent (TPC) and other bioactive compounds, and their total
antioxidant capacities (TAC) was calculated for studied kiwi-
fruit’s extracts. The interaction between drugs and human
serum albumin (HSA) plays an important role in the distribu-
tion and metabolism of drugs. The properties of kiwifruit’s
phenol extracts showed their ability to quench HSA, forming
the complexes similar to the ones between the proteins and pure
flavonoids such as quercetin. The cultivar ‘Bidan’ exhibited
significantly higher TAC than the classic ‘Hayward’. In con-
clusion, for the first time ‘Bidan’ organic kiwifruit was ana-
lyzed and compared with widely consumed ‘Hayward’, using
its bioactive and fluorescence properties. The influence of
physiologically active kiwifruit’s compounds on human health,
through our investigations in vitro and scientifically proven
information, was explained. Relatively high content of bioac-
tive compounds, high antioxidant and fluorescence properties
of kiwifruit justify its use as a source of valuable antioxidants.
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Abbreviations
2D and 3D-FL Two and three-dimensional fluorescence

spectra
ABTS 2,2-azino-bis (3-ethylbenzthiazoline-6-

sulfonic acid)
CUPRAC Cupric reducing antioxidant capacity
FRAP Ferric-reducing/antioxidant power
FT-IR Fourier transform infrared spectroscopy
HSA Human serum albumin
TAC Total antioxidant capacities
TPC Total phenol content
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Introduction

Plants in general and fruits particularly have several com-
pounds with antioxidant properties, which include ascorbic
acid, carotenoids and polyphenols. Increased consumption
of fruits protects cardiovascular diseases [1, 2]. Kiwifruit is
widely consumed [3, 4]. There are many kiwifruit cultivars
and the most known is ‘Hayward’. ‘Bidan’ is less spread
than ‘Hayward’ and both cultivars belong to the Actinidia
deliciosa species and is known for good taste [5–7]. There
are some reports showing the differences between plants
growing under specific conditions [8–13]. The effect of
cultivation systems and fruit post harvest management on
the antioxidant properties of apple, apricot and other plants
was investigated [9, 10, 13]. The differences in the bioac-
tivity between kiwifruit cultivars grown in conventional and
organic conditions were less studied [7, 14]. Extraction with
solvents of different polarity showed a variety of phenolic
substances and their yield [15–17]. Therefore, it was decid-
ed to compare the nutritional and pharmaceutical properties
of organic and conventional kiwifruit cultivars, using three
solvents (ethanol, water and a mixture of 50 % ethanol and
50 % water). In order to receive reliable results of total
antioxidant capacities three generally accepted assays
(ABTS, FRAP and CUPRAC) were used [18–20]. As far
as we know no results of such investigations have been
published.

Materials and Methods

Chemicals

Trolox; phenolic standards, HSA, Tris, tris(hydroxymethy1)
aminomethane; ABTS; Folin–Ciocalteu reagent; lanthanum
(III) chloride heptahydrate; FeCl3×6H2O; CuCl2×2H2O;
and 2,9-dimethyl-1,10-phenanthroline (neocuproine) were
purchased from Sigma Chemical Co. (St. Louis, MO, USA).
2, 4, 6-Tripyridyl-s-triazine (TPTZ) was from Fluka Chemie
(Buchs, Switzerland).

Sample Preparation

Kiwifruit cultivars ‘Hayward’ and ‘Bidan’ were grown un-
der conventional and organic conditions in the orchard
Heanam county (longitude 126° 15″ and latitude 34° 18″),
Jeonnam province, Korea, 2010. Mean temperature was
about 13–14 °C, rainfall—1,300 mm, and soil was loam.
In fertilization of organic kiwifruit mature was applied
(3 ton per 10 a). The fruits were sprayed three times with
bio-control agents (Seva stop, Poex, white killer, produced
in Korea). Any pesticides or herbicides were not applied
during the growing process. Water drop irrigation (30 ton

per week per 10 a) was usually used. Water is related to the
dry matter of the fruit, but water stress enhances the pheno-
lic content in plant. For the investigation five replicates of
five fruits each at their commercial maturity stage (the
degree of soluble solids content (SSC) was in the range of
6.8–7.5 %) were used. The samples were treated with liquid
nitrogen in order to prevent oxidation of phenolic com-
pounds and then lyophilized as previously described [5–7].
The bioactive compounds and the TACs were determined in
ethanol (EtOH), water (H2O) and 50%EtOH+50%H2O
extracts of conventional (HC) and organic (HO) grown
‘Hayward’ and ‘Bidan’ (BC) and (BO) cultivars: HC, EtOH;
HO, EtOH; HC, H2O; HO, H2O; HC, EtOH/H2O; HO,
EtOH/H2O; BC, EtOH; BO, EtOH; BC, H2O; BO, H2O;
BC, EtOH/H2O; BO, EtOH/H2O.

Determination of Bioactive Compounds and Total
Antioxidant Capacities (TACs)

The extracts were phenols extracted with ethanol, water and
a mixture of 50 % ethanol and 50 % water (concentration
20 mg/mL) during 1 h in a cooled ultrasonic bath [8, 9].
TPCs were determined by Folin-Ciocalteu method with
absorbance measurements at 750 nm with spectrophotome-
ter (Hewlett-Packard, model 8452A, Rockville, MD, USA).
Total flavonoid content was determined by an aluminum
chloride colorimetric method with some modifications.
The absorbance was measured immediately against the
blank at 510 nm [5–7].

For determination of ascorbic acid by CUPRAC assay,
the aqueous phase was immediately examined after
extraction-removal of La (III)-flavonoid complexes into ethyl
acetate [21]. Total chlorophylls, chlorophylls a and b, and total
carotenoids were extracted with 100 % acetone and deter-
mined spectrophotometrically at the following absorbances
(nm) of 661.6, 644.8, and 470, respectively [22].

Determination of TACs, μmol TE/g DW

The TACs were determined by three complementary assays:
(1) ABTS: ABTS.+ radical cation was generated by the
interaction of ABTS (7 mmol/l) and K2S2O8 (2.45 mmol/l)
with absorbance measurement at 734 nm. (2) FRAP: FRAP
reagent of 900 μl was mixed with 90 μl of distilled water
and 30 μl of kiwifruit samples. The absorbance was mea-
sured at 595 nm. (3) CUPRAC: The absorbance at 450 nm
was recorded [18, 19].

Fluorometric Measurements

Fluorescence spectra for all kiwifruit water and ethanol
extracts at a concentration of 0.01 mg/ml were recorded on a
model FP-6500, Jasco spectrofluorometer, serial N261332
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(Japan, equipped with 1.0 cm quartz cells and a thermostat
bath. The three-dimensional spectra (3D-FL) were collected
with subsequent scanning emission spectra from 250 nm to
500 at 1.0 nm increments by varying the excitation wave-
length from 200 to 350 at 10 nm increments [23]. Quercetin
(Q) was used as a standard. All solutions for protein
interaction were prepared in 0.05 mol/l Tris–HCl buffer (pH
7.4), containing 0.1 mol/l NaCl. The final concentration of
HSAwas 2.0×10−6mol/l. The HSAwasmixed with quercetin
in the proportions of HSA: extract=1:1.

FT-IR Spectra Studies

Total phenols in the investigated kiwifruit extracts were
studied by FT-IR spectroscopy. A Nicolet iS 10 FT-IR
Spectrometer (Thermo Scientific Instruments LLC, Madison,
WI, USA), with the smart iTRTM ATR (attenuated total
reflectance) accessory was used to record IR spectra [7].

Statistical Analyses

To verify the statistical significance, mean ± SD of five
independent measurements were calculated. Differences be-
tween groups were tested by two ways ANOVA. In the
assessment of the TACs, Spearman correlation coefficients
(R) were used. Linear regressions were also calculated.
P-values of <0.05 were considered significant.

Results and Discussion

Total phenols, flavonoids, TACs, chlorophylls, carotenoids,
and ascorbic acid

The results of the determination of the TPCs, flavonoids and
TACs in the samples of conventional and organically grown
kiwifruits by three solvent systems are shown in Table 1.

As can be seen, the TPCs and TACs by FRAP, CUPRAC
and ABTS were significantly higher in EtOH/H2O extracts
(P<0.05) than in the other extracts. Total chlorophylls (a,
b), total carotenoids and vitamin C (Table 2) did not show
significant difference between the organically and conven-
tionally grown kiwifruit cultivars. In ‘Bidan’ cultivar all the
studied indices were significantly higher than in ‘Hayward’.
The correlations between the phenolic compounds and the
TACs were relatively high (R2 from 0.82 to 0.99).

Fluorometric data

The quenching properties of the kiwifruit samples in com-
parison with the pure flavonoid such as quercetin are shown
in 3D -FL, which illustrated the elliptical shape of the cross
maps. The results showed that the 3-D FL of cross section

view of conventional kiwifruit phenolic extracts in compar-
ison with organic were similar [7].

One of the main peaks for HSA was found at lex/em of
220/360 nm. The second main peak appeared for these
samples at lex/em of 280/350 nm (Fig. 1a). The interaction
of HSA and ‘Hayward’ (HC) and ‘Bidan’ (BC) kiwifruit
extracts (Fig. 1b, c); HSA and Q (Fig. 1d), HSA, Q and BC
(Fig. 1e) and HSA, Q and HC (Fig. 1f) showed slight
change in the position of the main peak from 360 to
350 nm and the decrease in the fluorescence intensity (FI).

Some changes appeared when kiwifruit ethanolic extracts
were added to HSA. Initially the main peak was at emission
of 360 nm and FI of 984.11 (Fig. 2a and b, the upper lines
are HSA). As a result of the reaction between the kiwifruit
extracts and quercetin, the FI decreased (Fig. 2a and b, the
decrease is in the middle and low lines in comparison with
the upper one). The following decrease in the FI (%) oc-
curred during the interaction of quercetin and ethanol phe-
nolic extracts: HSA+Q=65.5; HSA+BC=14.2; HSA+
BC+Q=71.1; HSA+BO=14.5; HSA+BO+Q=80.2;
HSA+HC=11.7; HSA+HC+Q=71.3; HSA+HO=13.4;
HSA+HO+Q=61.3. Water phenolic extracts showed slight-
ly different numbers: HSA+Q=65.5; HSA+BC=13.5;
HSA+BC+Q=70.9; HSA+BO=12.8; HSA+BO+Q=
78.7; HSA+HC=10.1; HSA+HC+Q=70.3; HSA+HO=
9.6; HSA+HO+Q=60.1. The interaction between ethanol
and water kiwifruit phenolic extracts and HSA showed that
the extracts have a strong ability to quench the intrinsic
fluorescence of HSA by forming complexes. The results of
binding affinity of HSA and extracted total phenols showed
that the main quenching effect was with ‘Bidan’ organic+
quercetin (Fig. 2b, with the lowest line of FI=209.78). The
main peak was at λem/ex=350/280 nm. Our very recent
results showed that the fluorescence was significantly
quenched, because of the conformation of the BSA changes
in the presence of pure flavonoids and kiwifruit extracts
[23]. This interaction between the quercetin and HSA was
investigated using tryptophan fluorescence quenching. It is
in agreement with others that quercetin, as an aglycon, is
more hydrophobic and demonstrates strong affinity toward
HSA. Other cited results differ [24] from the reported by us,
probably, because of the variety of antioxidant abilities of
pure flavonoids and different fluorometric scanning ranges
used in a similar study. There are no publications on the
applications of 3D-FL, therefore our present conclusions,
that 3D-FL can be used as an additional tool for the charac-
terization of the total phenol extracts, correspond with our
previous data [5–7]. The biological relevance of quercetin
interaction in human organism is important from the point
that this molecule of polyphenolic type extensively binds to
HSA, the most abundant carrier protein in the blood, de-
creasing inflammation in atherosclerotic progression and
regression. Our in vitro results of interaction of HSA and
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quercetin can be compared with other reports in vivo, show-
ing the protective effects of quercetin on hepatic injury
induced by different chemical reactions [24].

FT-IR spectra

The FTIR spectra of ethanol (Fig. 3, lines a, b, c, d) and
water (Fig. 3, Insert) kiwifruit extracts (organic and conven-
tional) were compared between them and also with stand-
ards in the range of common peaks (Table 3).

The best matching in the common range of the peaks was
in kiwifruit ethanolic extracts: HC: BC=97.15 %; BC: HO=
97.23 %; BO: HC=96.05 %; BO: HO=96.41 %; in water
extracts the matching was lower: HC: BC=93.36 %; BC:

HO=93.31 %; BO: HC=94.35 %; BO: HO=94.67 %. The
matching (%) of the peaks in the region from 4000 to
650 cm−1 and from 2600 to 2400 cm−1 (Fig. 3, Table 3)
showed the highest matching (99 %) between ‘Bidan’ con-
ventional and ‘Hayward’ organic in two regions of phenols
extracted with ethanol. The obtained peaks of total phenols
in water and ethanol extracts were compared with different
standards. The matching of tannic acid, catechin and quer-
cetin in ethanol extracts was the highest between the phe-
nolic compounds and kiwifruit extracts (Table 3). The
highest matching was estimated in the region of 2600–
2400 cm−1. Catechin and quercetin in the kiwifruit ethanolic
extracts showed high matching of 86–89 %; and 84–86 %,
respectively. Slightly different data were obtained in the

Table 1 Bioactive compounds and TACs (per g DW)1,2,3 in EtOH, H2O and EtOH/H2O extracts of conventionally and organically grown kiwifruit
cultivars

Extracts Indices

TPC, mg GAE FLA, mg CE FRAP, μMTE CUPRAC, μMTE ABTS, μMTE

HO, EtOH 5.61±0.6d 1.73±0.2c 8.08±0.9c 12.16±1.3cd 20.43±2.1c

HC, EtOH 4.74±0.4de 1.35±0.3d 5.61±0.6d 11.94±1.1d 17.92±1.8cd

BO, EtOH 59.09±5.1ab 7.31±0.6a 127.79±8.3b 178.94±9.2b 160.69±9.9ab

BC, EtOH 56.53±5.4b 7.14±0.7b 125.52±6.9b 165.18±8.3ab 152.28±9.1b

HO, H2O 4.31±0.3de 1.53±0.1cd 7.96±0.8cd 11.54±1.2d 15.74±1.6d

HC, H2O 3.46±0.3e 1.22±0.2d 4.42±0.4d 10.19±1.3d 12.36±1.3e

BO, H2O 57.42±5.6ab 7.13±0.7b 113.33±5.4ab 139.28±7.6c 153.73±9.3b

BC, H2O 54.53±5.2c 7.01±0.6b 109.06±3.8ab 138.28±7.3c 151.05±8.9b

HO, EtOH/H2O 6.14±0.7d 1.84±0.2c 9.22±0.9 c 15.11±1.6cd 21.40±2.3c

HC, EtOH/H2O 5.10±0.5de 1.43±0.1d 7.34±0.6cd 14.06±1.3cd 18.51±1.8cd

BO, EtOH/H2O 63.68±6.3a 7.65±0.8a 141.79±7.2a 185.22±9.2a 170.38±9.6a

BC, EtOH/H2O 60.72±6.1ab 7.23±0.3a 126.63±6.8b 171.18±8.9b 153.96±9.1b

GAE gallic acid equivalent; CE catechin equivalent; FLA flavonoids; HO kiwifruit ‘Hayward’ organic; HC kiwifruit ‘Hayward’ conventional; BO
kiwifruit ‘Bidan’ organic; BC kiwifruit ‘Bidan’ conventional. Three extractions were used: ethanol (EtOH); water (H2O); 50 % EtOH/ 50% H2O
1Values are means ± SD of five measurements
2 Values in columns for every bioactive compound bearing different superscript letters are significantly different (P<0.05)
3 per g dry weight

Table 2 Contents of chlorophylls, carotenoids and vitamin C in kiwifruit (per g DW)1,2,3

Sample Chlor a, μg Chlor b, μg Total Chlor, μg Total Car, μg Vit C, mg AA

HO 83.4±6.5b 57.6±5.3c 141.0±12.3c 28.9±2.5d 65.2±4.3b

HC 80.4±5.8b 36.8±3.1d 117.1±10.1d 34.2±3.1c 60.1±3.8b

BO 255.1±22.5a 124.3±10.5b 379.2±25.5b 109.4±9.4a 144.1±11.2a

BC 271.0±26.5a 165.4±12.4a 437.3±31.4a 95.4±7.6b 148.4±12.1a

Chlor chlorophyll, Car carotenoids, Vit vitamin, AA ascorbic acid
1 Values are means ± SD of five measurements
2 Values in columns for every bioactive compound bearing different superscript letters are significantly different (P<0.05)
3 per g dry weight
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water extracts, showing 90 % of matching with tannic acid
in the range of 3404–3101 cm−1. These matching results for
the first time showed that FT-IR spectra can be used for a
rapid estimation of extracted bioactive compounds. The
water extracts were relatively lower in the matching values
than the ethanol, showing that the yield of extracted bioac-
tive compounds also was lower in water than in ethanol
extracts. Quercetin and catechin exhibited the highest
matching in the investigated fruit extracts in comparison
with flavonoids hesperidin and fisetin; caffeic, p-coumaric,
gallic and tannic acids. In our previous study, the FT-IR
spectra data showed that the main bands in the kiwifruit
samples slightly shifted [7]. A shift in the difference be-
tween the standards and the investigated samples can be
explained by the extraction procedures of the total phenols.

It is well known that consumption of fruits with high
contents of bioactive compounds and high antioxidant ca-
pacity prevents and treats even the most dangerous diseases
[1, 2], therefore it is recommended to use fruits in daily diet
[20]. An interest was shown by scientific community
concerning organically versus conventionally grown fruits
and vegetables [9–12]. In the present investigation conven-
tional and organically grown kiwifruit cultivars ‘Hayward’
and ‘Bidan’ were studies with the aim to find the best
among them for human consumption. It must be underlined
once again that these samples were at the same stage of
ripening and were grown in the same geographic and cli-
matic conditions. Therefore, no doubt, that the determined
data were reliable. So, we found that ‘Hayward’ and ‘Bidan’
ethanolic extracts of the organic grown cultivars contain higher

Fig. 1 a, b, c, d, e, f cross
section view from 3D-FL
spectrum of HSA and
interaction with quercetin (Q)
and kiwifruit ethanol extracts:
HSA , HSA and HC extract;
HSA and BC extract; HSA and
Q; HSA, Q and BC; HSA, Q
and HC. Emission wavelength
is on x-axis and excitation
wavelength is
on y-axis

Fig. 2 The 2D-FL of a, lines
from the top HSA, HSA+BC;
HSA+BC+Q; b lines from the
top HSA, HSA+HC; HSA+
HC+Q. Emission wavelength
is on x-axis and fluorescence
intensity is on y-axis
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amounts of the studied bioactive compounds, but these results
were not always significant.

Our results of phenolics (mg GAE/g DW) in ‘Hay-
ward’ kiwifruit patterns were slightly higher than in other
studies 2.19 [3], 2.94 [4], and 3.5 [14], and equal to
0.784 mg GAE/g FW [8]. High levels of total phenolics
and their discrepancies, which were determined in this
study (Table 1), if compared to previous reports [5, 7,
23], can be explained due to different extraction proce-
dures of phenolics, different genetic attributes as well as
ecological conditions, plant genotype, cultivation site and
technological practices and year of harvest [8]. The same
patterns were reported for other fruits [1, 6, 20]. Reports
indicate that organic and conventional fruits may differ

on a variety of sensory qualities [9, 11]. The results of
our recent investigation [5] support the data of the above
cited authors. The differences in the composition of
organic and conventional vegetables depend on various
kinds of organic mature and the growing seasons [5, 9].
Apples from organic production showed a higher content
of total phenolics than apples from integrated cultivation
[9]. The TACs, TPCs and total carotenoids showed better
performance under organic system in comparison with
the integrated [10]. Our data are in correspondence with
others [16] that solvent chemical properties (hexane, eth-
yl acetate, acetone, methanol, and a methanol:water mix-
ture), such as polarity, can differentially impact the
efficiency with which different bioactive compounds are

Fig. 3 FT-IR spectra of ethanol
and water (insert) extracts of
two kiwifruit cultivars. From
the top lines HC, HO, BC, BO;
Insert: from the top lines: BO,
BC, HO, HC

Table 3 Matching of the peaks
(%) in the FTIR spectrum of
extracted with ethanol phenols
and standards

7-AmMCo 7-amino-4-methyl-
coumarin; Phenol (hydroben)
phenol (hydrobenzene)

Range of bands 3900–3600 cm−1 3400–3100 cm−1 2600–2400 cm−1

Standards Matching of standard/sample (%)

HC HO BC BO HC HO BC BO HC HO BC BO

Caffeic acid 5 3 10 14 8 7 7 7 65 60 52 56

Phenol (hydroben) 16 25 36 35 4 3 6 6 43 45 46 43

Ferulic acid 2 3 1 24 47 49 50 48 53 49 40 44

Fisetin 68 64 43 37 31 31 30 34 63 61 68 68

Hesperidin 73 66 51 44 65 68 66 66 53 56 53 47

p-Coumaric acid 3 6 3 25 17 19 19 19 47 45 44 39

Tannic acid 70 70 54 49 87 87 87 85 85 86 82 81

Catechin 13 16 28 45 7 6 6 7 89 89 89 86

7-AmMCo 16 22 30 48 12 11 11 12 11 13 10 14

Gallic acid 1 13 16 6 60 60 63 61 70 60 67 63

Quercetin 31 34 44 22 52 52 53 53 85 86 85 84
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recovered from foods. This could lead to differences in
estimated biological activity such as TAC. The different
polarity of the solvents was shown by others [15], com-
paring ethyl acetate, methanol, n-hexane, n-butanol and
water extracts from mungbean seeds and sprouts. The
TAC of all samples was higher in methanol extract than
in ethyl acetate, probably showing that hydrophilic
(polar) antioxidants were in the majority in the tested
extracts. So, Fisk et al. [25] reported that the TAC
ranged from 1.6 to 2.3 AA equivalents/g FW with no
significant difference between treatments. Similar results
were reported in different fruits [26, 27]. As it could be
seen the differences between organic and conventional
kiwifruit were not significant. There may be differences
in the secondary metabolites between two fruits grown
by two methods immediately after harvest. The plant
grown by organic method contains higher amount of
secondary metabolites, therefore it is exposed to plant
cell wall fragments and microorganism materials (or
pathogens) with higher ability. Some of these materials
are known as elicitors, which are defined as substances
that induce plant defense responses in plants. These
elicitors certainly induce secondary metabolites. However,
it will be difficult to see differences in these metabolites
unless the samples are analyzed immediately after harvest.
There may be differences in cell wall thickness and lignin
contents because most elicitors induce cell wall thickening
and lignification along with induction of secondary metabo-
lites. This discussion is in full agreement with others that
limited the spectrum of species examined [10]. The intake of
organic foods leads to some advantages [12, 13], such as the
ingestion of high contents of phenolic compounds and vitamin
C, and a low content of nitrates and pesticides. The amount of
polyamines, substances stimulating cellular division, is in-
creased. A higher content of these compounds could explain
some of the effects of the diet on patients affected by certain
syndromes.

Conclusions

The antioxidant capacity of the studied ethanol and water
extracted samples is significantly different (P<0.05):
according to the used tests was significantly minimal (P<
0.05) in water, and the highest was in ethanol:water mixture.
‘Bidan’ cultivar showed higher bioactivity than ‘Hayward’.
Higher bioactivity was in organic kiwifruits, but not always
significant. Positive antioxidant and quenching properties of
kiwifruit justify the use of this fruit as a source of valuable
antioxidants.
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