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INTRODUCTION AND LITERATURE REVIEW

INTRODUCTION

Among the phytochemicals, berries, kiwi fruit aroln as the important factor in health
improvement (Duttoroy & Jorgensen 2004; El Grag@89; Kujazanosky et al., 2010). Berry fruits
contain a lot of phenolic compounds, and flavonaidsparts of those phenolics which include
mostly of flavonols, anthocyanidins, proanthecyaridcatechins, flavons, and their glycosides.
Flavonoids (or bioflavonoids) are benzopyrone ddives which created spontaneously. They are
also the big part of low molecular weight polyphlmeecondary metabolites that spread all over the
kingdom of plants and they are the crucial faahdniiman diet (Parr and Bowell, 2000). Flavonoids
have been defined for over 6000 kinds and modterhthave been continuously described (Harborne
and Williams, 1992).

Their skeleton is made of flaven nucleus which ®ia®of two aromatic rings called ring A
and ring B. They also have ring C assembled frameticarbon atoms in the heterocycle that
connected with six carbon atoms and modified céfitrdang and can be separated into different
structural classes. The examples of those clasedl@anones, isoflavones, flavones, flavonolg, an
anthocyanins. It has been found that the largestrasi of flavonoid structures are occurred by the
work of enzymes like glycosyltransferases, metrgisferases, and acyl transferases which modified
the basic skeleton of flavonoids (Harborne and ik, 1992; Forkmann and Heller, 1999).
Different flavonoids can be found in one plant sge@nd majority of them are coupled with many
sugar moieties (Forkmann and Heller, 1999).

Acidic compounds in the group of phenolics are aissed with active antioxidants. For the
natural antioxidants, the phenolic acids includiaffeic, chlorogenic, p-coumaric, and vanallic acid
are found to be vastly circulated in berry cropsthie molecular structure of hydroxyl groups, their
antioxidant activities are concerned to a certaierg (Rice-Evans and Miller, 1998).

The possibility of antioxidant potency enhancemeihigh with dihydroxylation in the 3,4
position by increasing hydrogen donors availahilltge most plentiful chlorogenic acid found in
berry fruit extracts is chlorogenic acid (phonal&rivative), which also the most active antioxidaint
has been discovered that more than 80% of perdardeation is inhibited by Chlorogenic acid
(1.2x10° in a linoleic acid test system) (Larson, 1988hdtderivatives of pheonolics like benzoic
acid, caffeic acid, catechol, p-cresol, gallic adidthe daily diet, large portion of berry frutiave
other phenolic derivatives like rutin and vanilicid. Their antioxidant activities are high andythe
also operate as natural antimicrobial agents (Setffak, 1998).

p-Coumaroyl glucose, dihydroflavonol, quercetinl@egside, quercetin 3-glucuronide,
kaempferol 3 glucoside, and kaempferol 3-glucuarade the flavonols which has been detected in
berry fruits. These flavonols interacting as effecaintioxidants to free radicals by interferingtwi
the propagation of new free radicals or chelatimgaiions with their reduction-oxidation (redox)
potentials are modified by catalyze lipid oxidat{dmacheix et al., 1990; Bakker et al., 1994; Gil et
al., 1997; Pratt, 1992; Satue-Gracia et al., 1997).

Anthocyanins are known to be powerful antioxidamtsadly allocated in different berry
fruits and they are recognized as important dietanstituents which have health benefits (Lanson et
al., 2007; Lu et al., 2011; Macedo et al., 2013prdbdver, their antioxidant capacity is higher than
many important micronutrients like ascorbate amdpherols. Anthocyanins are glycosides and acyl



glycosides of anthocyanidins as well. Not only theye low first oxidation potential, they appear to
have many oxidation waves, and have become prantsdy recox cycling with their low oxidation
potential (Fukumoto and Mazza, 2000; Matty-Riihiretral., 2004; Pardo et al., 2008; Proteggente et
al., 2002).

Some of common anthocyanins have hydroxyl (methlgsstutions) in their flavylium or
their basic structure. Anthocyanins which occumathrally for more than 250 kinds can be
distinguished by their o-glycosylation with distirsuibstitutes of sugar (Francis, 1989). On the
aglycon (anthocyanidin), glucose, rhamnose, xylga&ctose, arabinose, and fructose are its most
common substitution of sugar and either 3- or 3/bagylated are the common anthocyanins. The
strong antioxidant properties of anthocyanins aezlifrom its ring structures which attached by the
group of phenolic hydroxyl that has free radica\@nging properties (Rice-Evans and Miller, 1998;
Wang et al., 1997; Wolfe et al., 2008; Yadav ep@ll2).

Proanthocyanidins are the natural polyflavonoideylhave the chains of flavan-3-ol units
and they are widely distributed among berry fr(iacheix et al., 1990). Those proanthicyanidins
have comparatively high molecular weights. Theyp &lave the ability to bind solidly with
carbohydrates and proteins. Proanthocyanidinsedaiviely stronger than the powerful antioxidant
vitamin E and have shown a wide scope of pharmgadbactivity (Kahkonen et al., 2001; Maatta-
Riihinen et al., 2005; Sun et al., 2002)

Catechin is a powerful polyphenol antioxidant tisavater-soluble and can be oxidized
easily. More than thousand types can be foundamibrld of plant and they are considered to have
an ability to deal with tumors and immune systetagting function (Maatta-Riihinen et al., 2005).
These phytochemicals shown their additive and gysiie effects on antioxidant activity when they
are contained in the mixture conditions. Latelge@chers have found that a whole food have better
health functionality than a single active compowttch hinting a synergistic interaction of phenolic
phytochemicals in diet (Liu, R, 2003; Lila and RasR005). Thus, the phenolic phytochemicals can
help improves synergistic activity, enriching thuadtionality of whole foods.
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Figure 1: The structure of phenolic acids, (1)igalktid; (2) protocatechuic acid; (3) vanillic ac{d)
caffeic acid; (5) syringic acid; and (6) p-coumaaid.



Berries contain powerful antioxidants, potentié@ens, and other bioactive compounds.
Genetic and environmental factors affect productind storage of such compounds, where the
anthocyanin (water-soluble plant pigments) haveoirtgmt functions in plant physiology as well in
health effects (Wu et al., 2006). The high anthagyaontents and biological activities of thesatfru
indicate that their consumption would be benefidhealth. It was revealed that the fruits coredin
superior levels of anthocyanins (146—2,199 mg/1@@sh weight) to those previously reported for
other raspberry and blackberry species, and tlesiate, EtOAc, and MeOH extracts showed good
antioxidant activity.

The majority of the extracts exhibited over 50 pédiperoxidation inhibitory activity at 50
mg/mL. This may be useful in the production of fumeal foods containing an efficacious dose of
anthocyanins (Bowen et al., 2010). The presengesafominantly phenolic compounds (ellagic and
gallic acids, and corilagin) demonstrated varyiegrées of antioxidative efficacy (Poltanov et al.,
2009). Cranberries with high content of polypher@se been associated with several cardiovascular
health benefits (Basu et al., 2011). Borges €R8alL0) identified the content of bioactive compaosind
in different berries. A complex spectrum of anthexups was the major contributor to the total
antioxidant capacities (TAC) of blueberries, whertkee lower TAC of cranberries was due mainly to
reduced anthocyanin content. Vitamin C was resptm$dr 18-23 % of the TAC of cranberries and
did not contribute to the TAC of the blueberry extr(Borges et al., 2010). Puente et al. (2011)
studied the physicochemical and nutritional prdperbf thePhysalis peruviana. fruit and their
relation of active components with beneficial effecn human health.

Oxidative stress and hypogonadism are linked tantreased incidence of cardiovascular
disease (Deyhim et al., 2007). Recent stuitiestro andin vivo have improved the scientific
understanding of how berries promote human healthpaevent chronic illnesses such as some
cancers, heart and neurodegenerative diseases€Pailo, 2008; Seeram, 2010). Administration of a
freeze-dried powder of mulberriiprus alba L) fruit to rats on a high-fat diet resulted in a
significant decline in levels of serum and liveglyceride, total cholesterol and serum low-density
lipoprotein cholesterol, and a decrease in theragfemic index (Yang et al., 2010). Oppositely, the
serum high-density lipoprotein cholesterol was igicemtly increased (Yang et al., 2010). Berry
phenolics may also act as antimicrobials which bm&pf help in the control of the wild spectra of
pathogens, in view of recent problems associat#u avitibiotic resistance (Paredes et al., 2010).

The food industry has used cape gooseberry inrdiffgporoducts including beverages,
yogurts and jams, nutraceutical, and pharmaceutidaktries (Hassanien, 2011; Ramadan, 2011).
All the evaluated gooseberries extracts preserggztthble amounts of phenolic, flavonoid, and
tannin. Different extraction procedures reportethmliterature and used to extract antioxidants in
fruit were compared and analyzed (Arancibia et2811,1; Chanda and Kaneria, 2012; Khoo et al.,
2012).

The various health benefits of berries are wellutioented and have been attributed mainly to
their antioxidant capacity. There is a growing jubiterest for cranberry, blueberry, and relatyvel
new gooseberry as a functional food because giatential health benefits linked to phytochemical
compounds (Cote et al., 2010) responsible for stmgyrplant metabolites (flavonols, flavan-3-ols,
proanthocyanidins, and phenolic acid derivativesyeral different mechanisms have been proposed
to explain the possible role of cranberries, blugeg, and gooseberries in the prevention of
atherosclerosis (Cote et al., 2010; Gua et al.720id et al., 2010).



Fractions responsible for the antioxidant actiomendentified and seem promising for
phytomedicinal development (Cao et al., 2013)alet,f90-day and 48-h stability of the blackberry
extract in biologically relevant buffers has beevesstigated in studies (Dai et al., 2009). Blackper
administration could minimize the toxic effectsfloride, indicating its free radical scavenginglan
potent antioxidant activities. The induced oxidatstress and the alterations in antioxidant system
were normalized by the oral administration of 1l&dody weight of blackberry juice (Hassan and
Abdel, 2010).

Most of the used fruits have many cultivars (Fukatal., 2007; Toledo et al., 2008; Wall et
al., 2008). It was shown that even cultivars gramvthe same geographic and climatic conditions
differ significantly (Ercisli et al., 2007; Toledst al., 2008). So,Toledo et al. (2008) studied the
bioactivity of durian cultivars such as Mon Tho@nani, Kan Yao, Pung Manee and Kradum at the
same stage of ripening from the same geographicrregown in the same climatic conditions in
order to find the best among them for human consiemplt was concluded that among the studied
durian cultivar Mon Thong is preferable (Haruergigl., 2010).

Plants are a source of compounds that may be gsgldlbamacologically active products.
Cytisus multiflorus, Filipendula ulmaria and Sambsioigra have been used as important medicinal
plants in the Iberian Peninsula for many yearsaedclaimed to have various health benefits as
indigo plant (Barros et al., 2011). It was showimgshemical, biochemical, and electrochemical
assays that these wild plants are source of phgtoirtals and antioxidant potential (Barros et al.,
2011). Also Dall'Acqua, Cervellati, Loi, and Innotig(2008) examined the antioxidant capacities of
11 botanical species used in the tradition of éadis tea beverages or as decoction for medicinal
purposes.

Indigo (Polygonum tinctorium Ait is an herbaceous subtropical annual plant, lp@lgrto
the family Polygonaceae. Within the cells of itades,P. tinctoriumaccumulates large amounts of a
colorless glycoside, indicam@loxyl beta-D-glucosidefrom which the blue dye indigo is
synthesized (Mantzouris et al., 2011; Selvius andifage, 2011). The composition of the natural
dyes was determined after the extraction proceduithsdifferent solvent systems (Manhita et al.,
2011). Indigo naturalis is used by traditional &se medicine to treat various inflammatory diseases
(Lin et al., 2009).

Some wild indigo species as herbal drugs were atedu(Barros and Teixeira, 2008). The
data concerning the anticancer activity of indigegery limited (Iwaki and Kurimoto, 2002). There
are still few data on indigo plant; therefore sipiossible to compare it with other better invedéd
medicinal plants.

The anti-metastasis and immune stimulating actisitif EtOH extracts of fermented Korean
red ginseng (FRG-E) in animal and human subjectsimaestigated (Kim et al., 2012). The
antioxidant properties of phenolic compounds frdiveopulp of chamlal variety and those of
individual phenolic compounds were evaluated amdpared with that of vitamin C (Nadour et al.,
2012). Generalic et al. (2011) studied the phermifile and antioxidant properties of Dalmatian
sage. Another plant as Lithospermum erythrorhizmrdtbe a promising rich source of natural
antioxidants (Han et al., 2008).

Potential benefits of polyphenolic compounds fraspberry seeds of three different extracts
as efficient antioxidants was studied @@wac et al., 2009). The influence of water contemle
extraction system was evaluated. A 90-day stalstiigly of the extract and a 48-h stability study of



the extract in biologically relevant buffers wempleted (Dai et al., 2009).

The use of blackberry showed also its differenppraes: blackberry administration
minimized the toxic effects of fluoride (Hassan atztlel, 2010). Antioxidant capacity and phenolic
compounds (phenolic acids and anthocyanins) oflieuary fruits (strawberry, Saskatoon berry,
raspberry, and wild blueberry), chokecherry, arabsekthorn were compared (Li et al., 2009).
Different fractions of mature wild blackberry Argeliachilensis (Mol) Stuntz (Elaeocarpaceae) were
analyzed.

Cranberry was investigated as chemotherapeutid #Gervas et al., 2010; Elberry et al.,
2010). Some wild Jamaicagrown species and the §irhgrown Rubusacuminatus, Rubusidaeus cv.
Heritage, and Rubusidaeus cv. Golden were analgzdteir anthocyanin contents, and lipid
peroxidation, cyclooxygenase enzyme, and humanrtgeibproliferation inhibitory activities. The
subject of different berries was investigated istesly, and it was shown in the cited literature,
including the studies of Chilean berries (Césped@d., 2010). The effect of particle size, use of
infrared radiation and type of freeze-drying (vatuor atmospheric) on some nutritional properties of
blueberries was investigated (Reyes et al., 2012).

Consumption of cranberries is known to exert pesitiealth effects, especially against
urinary tract infections. Cranberry was investigads a chemotherapeutic agent (Elberry et al.,2010
For this reason, presumably, they are used inf@licine (Wojnicz et al., 2012). Kusznierewicz et
al. (2012) analyzed different Polish cultivars afdsberried honeysuckles and wild and bog bilberry
for bioactive compounds.

Some studies investigated and compared the corgrgsstability and antioxidant properties
of berry extracts from selected cultivars using s@xtraction methods (Chanda and Kaneria, 2012;
Khoo et al., 2012Physalis peruvian&dP) commonly known as cape gooseberry, is an @&nde
Solanaceae fruit with high nutritional value antémasting medicinal propertiegBhysalis peruviana
has been used in folk medicine for its medicinalpgrties including anticancer, treating malaria,
asthma, hepatitis, dermatitis ,rheumatism, antirogcterial, antipyretic, diuretic, immunomodulatory
and anti-inflammatory properties (Franco et alQ2Melvaci et al., 2010; Martinez et al., 2010; Wu
et al., 2005; Wu et al., 2009). Three species g&Rlis fruit Physalis ixocarparot, Physalis
pruinosal. andPhysalis peruvian.) from Colombia, Egypt, Uganda and Madagascaewe
analyzed by multivariate analysis (El Sheikha et2612).

Ugni molinaeTurcz, also known as “Murtilla”, is a plant thabws in the south of Chile.
Infusions of their leaves have long been usedhiditional native herbal medicine (Rubilar et al.,
2006; Suwalsky et al., 2006). The bioactivity ofudir” (“Murtilla”) was investigated by Rufino et
al. (2010). In our recent research, the methanohets from different berries were investigated and
compared (Arancibia-Avila et al., 2011; 2012). Br#nt aspects of berries phenolics activity were
studied in individual papers (Ramadan, 2011; Hassa011; Chanda and Kaneria, 2012; Khoo et
al., 2012; Xiao et al., 2011), but complex studyhiis matter is missing.

There are a number of investigations on the phahish were screened, however, the
mechanisms behind the functions of berries, kiwitérand indigo plants with proteins are poorly
understood. The interactions between polyphensfeaally flavonoids and plasma proteins, have
attracted great interest among researchers. Feargdmpwever, have focused on the structure—
affinity relationship of polyphenols on their afties for plasma proteins (Cao et al., 2013; Xito e
al., 2011; Xiao et al., 2012; Zhang et al., 20@O)as interesting to compare different extraction



procedures in some fruits and plants (Chanda amea 2012; Khoo et al., 2012). The water
extracts of fruits are important from the pointed consumption all year around, outside of the
season of growing. The effect of particle size Hasethe reviewed reference (Reyes et al., 2012),
solvent extraction and type of freeze-drying on samatritional properties of the studied plantswa
investigated. Therefore it was interesting to itigage relatively new kind of Cape gooseberries (
peruviang in water, acetone, hexane, methanol, ethanol| atietate solvents, and to compare its
composition with that of the widely consumed blueies and cranberries; Chilean ‘Murtilla’ and
‘Myrteola’ berries, Chilean and Polish blueberri€hjlean raspberries and Polish black chokeberry.
To meet this aim, the contents of bioactive compgisuipolyphenols, flavonoids, flavanols, tannins,
carotenoids, chlorophylls, anthocyanins, and ascadid) and the level of antioxidant activity (AA)
were determined and compared. In order to receiiable data, AA was determined by five assays:
2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonicdiABTS), FRAP, cupric reducing antioxidant
capacity (CUPRAC), 1,1-diphenyl-2picrylhydrazyl (PR), and3-carotene linoleate model system
(Apak et al., 2004; Brand et al., 1995; Singh et20002) (Benzie and Strain, 1996; Re et al., 1999)
(Ozgen et al., 2006).

Widely consumed kiwi fruit has many cultivars (Bicet al., 2007). Which of them is
preferable for human consumption? In order to anglig question it was decided to investigate
seven kiwi fruit cultivars (‘Hayward’, ‘Daheung’Haenam’, ‘Bidan’, ‘Hort16A’, ‘Hwamei’ and
‘SKK12") and to divide them to groups. The contefithe bioactive compounds and the level of
antioxidant capacity (AC) were determined and camgaTl he functional properties of new kiwi fruit
cultivars were studied by the interaction of ethamw water polyphenol extracts with a small protei
such as HSA, using 3D-FL. The indigo plant was eciigjd to the same analyses as other investigated
berries and fruits and compared with a mixturetbEomedicinal plants such as prolipid.

The functional properties of investigated plantsenstudied by the interaction of polyphenol
extracts with a small protein such as HSA, usingRRDHuman serum albumin is the drug carrier’s
protein and serves to greatly amplify the capaaiftglasma for transporting drugs. In order to
compare the fluorescence properties of the extldiitsactive compound#) vitro studies were
performed by interaction of proteins with polyphknd he investigation alsa vitro how this protein
interacts with polyphenols extracted from plant gl® in order to get useful information of the
properties of polyphenol—protein complex. To detamthe fluorescence properties of the extracted
bioactive compounds vitro studies were performed by interaction of proteith flavonoids.

This research aimed to evaluate the bioactivitsetatively new plants in comparison with
widely consumed ones. The advanced analytical mstioch as 3D-FL and FTIR spectroscopy were
used for characterization of the phytochemicakh@studied plants, extracted with different sotgen
especially with water and ethanol, which can bdiegiple in every day human consumption and
pharmaceutical use.

Materials and Methods
Reagents

Trolox (6-hydroxy-2,5,7,8,-tetramethyl-chroman-Zimaxylic acid); 2,9 -azobis-2-methyl-
propanimidamide; 1,1-diphenyl-2-picrylhydrazyl (DR FeCB 6H20; Folin—Ciocalteu reagent



(FCR); Tris, tris(hydroxymethyl)aminomethafe;arotene, linoleic acid, quercetin, human serum
albumin, lanthanum (I1l) chloride heptahydrate; Cu@H20; and 2,9-dimethyl-1,10-phenanthroline
(neocuproine), potassium persulfate, quercetin,dmserum albumin, were obtained from Sigma
Chemical Co., St. Louis, MO, USA. 2, 4, 6-tripyrigbtriazine (TPTZ) was purchased from
FlukaChemie, Buchs, Switzerland. All reagents vadranalytical grade. Deionised and distilled
water were used throughout.

Samples

Cape gooseberries (Physalis peruviana), bluebdkgecinium corymbosum), and
cranberries (Vaccinium macrocarpon) were investidla@randano (blueberries) and raspberries were
purchased at the local market in Chillan, Chiled blueberries and chokeberries were purchased at
the local market in Warsaw, Poland. For the ingedion, five replicates of five berries each were
used. Their edible parts were prepared manuallyouitusing steel knives. The prepared berries were
weighed, chopped, and homogenized under liquidggtn in a high-speed blender (Hamilton Beach
Silex professional model) for 1 min. A weighed pamt(50—100 g) was then lyophilized for 48 h
(Virtis model 10-324), and the dry weight was deieed. The samples were ground to pass through
a 0.5 mm sieve and stored at *ZDuntil the bioactive substances were analyzed.

Chilean “Murtilla”, “Murta” (U. molinaeTurcz) and “Myrteola” berries (Myrtaceae, Myrteola
nummularia (Poiret) Berg.), Chilean and Polish bkreies (Vaccinium corymbosum), raspberries (R.
idaeus), and black chokeberry (Aronia melanocanga investigated. “Myrteola” nummularia
(Poiret) Berg. Myrtaceae, (Daudapo) is distribugedgraphically from Valdivia to Magallanes. The
fruit is edible. The fruits were harvested at theaturity stage and “Murtilla” and “Myrteola” bees
were in two stages of ripening. “Myrteola” ripe waervested in May 2008. “Myrteola” non-ripe was
harvested in February 2010, in Chiloé. “Murtilladmripe was collected in Puerto Varas, Chile, in
February 2010

Kiwi fruits of seven cultivars were harvested a tptimal stage in orchard, located in
Haenam county (longitude 126°°and latitude 34° 1), Jeonnam province, Korea, 2012. All
cultivars, except ‘Hort 16A’, were bred in Koreadasiassified as ‘Hort’. ‘Hort 16A’ is a New
Zealand gold kiwi fruit and was purchased in 202 farmer, located in Jeju Island. ‘Hwaemi’ and
‘SKK-12' are green kiwi fruit cultivars of 100 gz& as ‘Hayward’. ‘Bidan’ has a smaller size of 20 g
and its skin is white (flesh is green).

Three samples of indigo plarR.(tinctorium: seeds and two samples of leaves. The leaves
with slight green color (immature leaves) were kated on April 10, 2010, and the leaves with green
brown color (mature leaves) were harvested on2@y2010, from the same place. Two samples of
leaves were used because one was mature and éne-oittnmature. The most important is to find
exact data when the leaves can be harvested. @bheslevere dried for 5 days under sunlight. The
leaves were pulverized in the laboratory conditidrege particle size was 200 mesh. For comparison,
prolipid was used (Jasttaski et al., 2007). Prolipid is a mixture of thdldaing plants: Sonchus 532
Z. arvensis L. from the Compositae (Asteraceae)lya@uazumaulmifolia L. from the Sterculiaceae
family and Murrayapaniculata L. from the Rutaceamify. Prolipid contains extracts of G. ulmifolia
(20 9/100 g dry weight (dw)), M. paniculata (10@J1g dw), and S. arvensis (10 g/100 g dw).
Prolipid capsules were obtained as a gift fromdihgy importer COWIK (Warsaw, Poland).



Extraction of Polyphenols

The extracts from all samples prepared by the ssayefor all tests (bioactive compounds,
antioxidant, and anticancer assays). The phenais edracted with methanol and ethyl
(concentration 25 mg/mL) at room temperature tice8 h (Haruenkit et al., 2010). The prolipid
capsules were opened and the content was dissoltied same solvents at the same conditions.

Total Phenolic Content

The polyphenols were determined by Folin—Ciocattethod with measurement at 750 nm
with a spectrophotometer (Hewlett-Packard, modé&P®4 Rockville, USA). The results were
expressed as milligrams of gallic acid equival¢@®8E) per gram DW (Singleton et al., 1999).

Extraction of Phenolic Compounds for MS

All lyophilized samples (1 g) were extracted withOImL of methanol/water (1:1) at room
temperature and in darkness for 24 h. The extrets filtered in a Buchner funnel. After removal of
the methanol in a rotary evaporator at a tempegdialow 40 °C, the aqueous solution was extracted
with diethyl ether and ethyl acetate, and thenyé&meainder of the aqueous solution was freeze-dried
The organic fractions were dried and redissolveti@hanol. These extracts were used for MS, for
determination of bioactive compounds and Fouremgform infrared (FTIR) analyses (Sanz et al.,
2010).

Total Flavonoid Content

Total flavonoid content was determined by an alwmirchloride colorimetric method (Bener
et al., 2010; Liu et al., 2002). 0.25 mL of the péarextract was diluted with 1.25 mL of distilled
water. Then 7L of a 5 % NaNQ@ solution was added to the mixture. After 6 min, 1&Mf a 10 %
AICI;-6H,0 solution was added, and the mixture was allowestand for another 5 min. Half of a
milliliter of 1 M NaOH was added, and the total waade up to 2.5 mL with distilled water. The
solution was well mixed, and the absorbance wasured immediately against the prepared blank at
510 nm in comparison with the standards preparadasiy with known (+)-catechin concentrations.
The results are expressed as milligrams of catexdpiivalents.

Total Flavanols Content

The total flavanols amount was estimated usingpttienethylaminocinnamaldehyde
(DMACA) method, and then the absorbance at 640 a1 wad. To ensure the presence of flavanols
on the nuclei, subsequent staining with the DMA@Agent resulted in an intense blue coloration in
plant extract (Feucht and Polster, 2001). As it mastioned previously, (+)-catechin served as a
standard for flavonoids and flavanols, and theltesvere expressed as catechin equivalents (CE).



Total Tannins Content

To 50uL of methanol extract of the plant sample, 3 mlaef % methanol vanillin solution
and 1.5 mL of concentrated hydrochloric acid wetdeal. The mixture was allowed to stand for 15
min. The absorption was measured at 500 nm agaigistanol as a blank. The amount of total
condensed tannins is expressed as (+)-catechivadepis per gram of the sample (Broadhurst and
Jones, 1978).

Total chlorophyll

Chlorophylls a and b, and total carotenoids weteaeted with 100 % acetone from plants
samples and determined spectrophotometricallyfrdnt absorbances (nm) such as at 661.6, 644.8,
and 470, respectively (Boyer, 1990).

Total ascorbic acid

Total ascorbic acid was determined by CUPRAC a@Sayureket al 2007) in water extract
(100 mg of lyophilized sample and 5 ml of watefieTabsorbance of the formed bis (Nc)-copper (1)
chelate was measured at 450 nm.

Total anthocyanins were measured by a pH diffeaentethod. Absorbance was measured in
a Beckman spectrophotometer at 510 nm and at 7G6@ boffers at pH 1.0 and 4.5, using the
following equation: A O ((Ai—A700) le_O—(Aslo—Am) pH4.9- Results were expressed as

milligrams of cyanidin-3glucoside equivalent (CGiex gram of DW (Cheng and Breen 1991).

MS analysis

MS Analysis A mass spectrometer, TSQ Quantum Ackkss(Thermo Fisher Scientific,
Basel, Switzerland), was used.

In order to compare the extracted phenolics intamfdil to the used solvents 50% methanol
in water acidified with 1% formic acid; and 50% im&tol in water were used. Different extractions
were carried out in order to achieve the bettenplserecovery using variable ratio of water and
methanol, with and without formic acid in mass-4peprofiles (Fracassetti, Costa, Moulay,
&Tomés-Barberan, 2013) (Fracassetti et al., 20L3@se extracts were submitted to MS analysis for
determination of bioactive compounds (Sanz e8ll0)

Analytes were ionised by electrospray ionoizatié8lj in negative mode. Vaporizer
temperature was kept at 100 °C. All samples were diy direct infusion in the mass spectrometer by
use ESI source at negative ion mode, full scaryaisalrange of 100—-900 m/z. For optimisation of the
acquisition parameters and for identity confirmatamly a part of standards was employed, not for al
compounds that were found in the investigated sasn@ettings for the ion source were as follows:
spray voltage 3000 V, sheath gas pressure 35 Alkweep gas pressure 0 AU; auxiliary gas
pressure at 30 AU; capillary temperature at 200sk@nmer offset 0 V (Gomez-Romero et al., 2011;
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Mikulic-Petkovsek, Slatnar, Stampar, &Veberic, 2012

The Total Antioxidant Capacity was determined hiofeing assays:

(1) 2, 2-Azino-bis (3-ethyl-benzothiazoline-6-sulfo acid) diammonium salt (ABTS) method for the
screening of antioxidant capacity is reported de@lorization assay applicable to both lipophilic
and hydrophilic antioxidants, including flavonoidlydroxycinnamates, carotenoids, and plasma
antioxidants. The influences of both the concemnadf antioxidant and duration of reaction on the
inhibition of the radical cation absorption aredaknto account when determining the antioxidant
capacity. ABTS radical cation was generated byintteraction of ABTS (7 mM/L) and ¥5,05 (2.45
mMY/L). This solution was diluted with methanol dunthie absorbance in the samples reached 0.7 at
734 nm (Re et al., 1999).

(2) Cupric reducing antioxidant capacity (CUPRATHis assay is based on utilising the copper (l1)-
neocuproine (Cu (I1)-Nc) reagent as the chromogeridising agent. To the mixture of 1 ml of
copper (I1)-neocuproine and NAc buffer solution, acidified and non acidified matbhextracts of
fruits (or standard) solution (x, in ml) and® ((1.1-x) ml) were added to make the final voluohe
4.1 ml. The absorbance at 450 nm was recordedsiganeagent blank (Apak et al., 2004).

(3) Scavenging free radical potentials were testeslution of 1, 1-Diphenyl-2-picrylhydrazyl
(DPPH). In its radical form, DPPH has an absorpband at 515 nm which disappears upon
reduction by an antiradical compounds. DPPH salut®9 mL, 25 mg/L) in methanol was mixed
with the samples extracts (0.1 mL), then the reagtrogress was monitored at 515 nm until the
absorbance was stable (Brand et al., 1995).

(4) Ferric-reducing/antioxidant power (FRAP) assaasures the ability of the antioxidants in the
investigated samples to reduce ferric-tripiridghine (Fe (11)-TPTZ) to a ferrous form ((Fe (l1)).
FRAP reagent (2.5 mL of a 10 mmol ferric-tripirithdzine solution in 40 mmolHCI plus 2.5 mL of
20 mmol FeGixH,0O and 25 mL of 0.3 mol/L acetate buffer, pH 3.6900 IL was mixed with 90 IL
of distilled water and 30 IL of kiwi fruit extrasamples as the appropriate reagent blank. The
absorbance was measured at 595 nm (Benzie and,3t8&i6)

(5) p-Carotene linoleate model system: A mixturgafarotene (0.2 mg), linoleic acid (200 mg), and
Tween-40 (200 mg) was prepared. Chloroform was veih@t 40 °C under vacuum. The resulting
mixture was diluted with 10 mL of water. To this@sion was added 40 mL of oxygenated water.
Four-milliliter aliquots of the emulsion were added).2 mL of berry extracts (50 and 100 ppm). The
absorbance at 470 nm was measured. The AA of thactxwas evaluated in terms of bleaching of
thep-carotene: AA=100 (1-(&A)/( Ac°— At°)), where A and A° are the absorbance values
measured at zero time of the incubation for testda and control, respectively, andahd A° are

the absorbance values measured in the test sangpatrol, respectively, after incubation for 180
min (Singh et al., 2002).
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Fluorometry and Fourier Transform Infrared (FT-1R) Spectra Studies
Fluorometric Measurements

Fluorometric measurements were used for the evatuaf the antioxidant activity of plant
extracts and thein vitro binding properties to human serum albumin. Twoatisional (2DFL) and
three-dimensional (3D-FL) fluorescence measurenfenll berry extracts at a concentration of 0.01
mg/mL were recorded on a model FP-6500, Jascogfflectrometer, serial N261332, Japan,
equipped with 1.0 cm quartz cells and a thermdssttit. The 2D-FL was taken at emission
wavelengths from 310 to 500 nm and at excitatioB3%d nm (Arancibia et al., 2011, 2012).

The 3D-FL spectra were collected with subsequeaririaog emission spectra from 250 to
500 nm at 1.0-nm increments by varying the exatatwavelength from 200 to 350 nm at 10nm
increments (Gorinstein et al., 2009). Quercetin EDWas used as a standard. All solutions for
protein interaction were prepared in 0.05 mol/ETHCI buffer (pH 7.4), containing 0.1 mol/l NaCl.
The final concentration of HSA was 2.0 x®Iidol/l. The HSA was mixed with quercetin in the
proportion HSA/extract=1:1.

The scanning speed was set at 1,000 nm/min fonedisurements. All measurements were performed
with emission mode and with intensity up to 1,000u(f et al. 2005; Xiao et al., 2011; Xiao and Kai,
2014; Zhang et al. 2009). All solutions for protaiteraction were prepared in 0.05 mol/L Tris—HCI
buffer (pH 7.4), containing 0.1 mol/l NaCl. Thedirconcentration of BSA was 2.0 x™1fol/L. All
solutions were kept in dark at 0—4 °C. The BSA waged with catechin. The samples were mixed in
the proportion of BSA: extract 0 1:1. Denaturatwith 2.4 M and 4.8 M urea was carried out as well.
The samples after the interaction with BSA werghitized and subjected to FTIR.

The presence of polyphenols in the investigateddsejindigosamples and the interaction
between polyphenols and bovine serum albumin waext by Fourier transform infrared
spectroscopy. A Nicolet iS 10 FT-IR Spectrometdrgffno Scientific Instruments LLC, Madison,
WI, USA), with the smart iTR' ATR (attenuated total reflectance) accessory wad tsrecord IR
spectra (Sinelli et al. 2008).

Chemometrical Processing

Samples with different concentrations of plantasts (1, 2.5, 5, 10, 15, 20, and 30 mg/mL)
were analyzed by DPPH antioxidant activity assazg@d et al. 2006) (120). In the kinetic studies
two variables were used: the change in the coratonrof the samples and the change in time of the
reaction with scavenging radical: 1, 10, 30, 6@ 86 min. Basic chemometric characterization of the
investigated samples according to their abilityeduce the DPPH was carried out by summary,
descriptive (normal probability, box/whisker, anat @lots) statistics and multisample median testing
using the statistical program Unistat® (London, UK)

MTT Assay

Anticancer activity of water extracts of the studgamples on human cancer cell lines (Calu-
6 for human pulmonary carcinoma and SNU-601 for &ugastric carcinoma) were measured using
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MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5diphenyltetzolium bromide) assay. The cell lines were
purchased from Korean Cell Line Bank (KCLB) for M&§say. Cells were grown in RPMI-1640
medium at 37 °C under 5 % G a humidified incubator. Cells were harvestedinted (3 x 16
cells/mL), and transferred into a 96 well plated arcubated for 24 h prior to the addition of test
compounds.

Serial dilutions of test samples were preparedissotiving compounds in water followed by
dilution with RPMI-1640 medium to give final condeation at 25, 50, 100, 200, 400, and 800 and
1,000ug mL™. Stock solutions of samples were prepared forlioels at 9QuL and samplesat 146,
and incubated for 72 h. MTT solution at 5 mgmkas dissolved in 1 mL of phosphate buffer
solution, and 1@L of it was added to each of the 96 wells. The svelere wrapped with aluminum
foil and incubated at 37 °C for 4 h. The solutioreach well containing media, unbound MTT, and
dead cells were removed by suction and (i56f DMSO was added to each well.

The plates were then shaken and optical densityegsded using a micro plate reader at
540 nm. Distilled water was used as positive cémtnd DMSO as solvent control. Controls and
samples were assayed in duplicate for each comtemirand replicated three times for each cell. line
The cytotoxicity was obtained by comparing the abaonce between the samples and the control
(Heo et al. 2007).

Statistical Analyses

To verify the statistical significance, mean = SDive independent measurements were
calculated. Data groups’ distribution character teased by Shapiro—Wilk normality test and the
homogeneity of variance by Levene’s F test, both @b confidence level. Multiple comparisons also
known as post hoc tests to compare all possibks paimeans of a group of berries extracts were
performed by Student—-Newman—Keuls method basebesttidentised data range. P-values of <0.05
were considered significant. Linear regressionsvadso calculated and Pearson correlation
coefficients (R) were used.

RESULTS AND DISCUSSION
I. BERRIES

A. Antioxidant activities and bioactive componentsn some berries

Bioactive compounds

The amounts of bioactive compounds in all studad@es are summarized in Table 1 and
Fig.1. As can be seen, the significant highestarar(fP 0.05) of bioactive compounds was in
blueberries water extract. Gooseberries showedgeeaesults in water extracts for polyphenols,
tannins, anthocyanins, and ascorbic acid (Tabligll )
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Total antioxidant capacity (TAC)

The results of the determination of the level of0 &f all studied samples are shown in Table
1. As can be seen, the TA{ TE/Q) by ABTS and FRAP assays forgooseberriedsas3 + 1.6
and 6.51 £+ 0.7, respectively. The TAC of bluebearrigs higher than that of gooseberries and
cranberries. A very good correlation was found leetvthe TAC and the contents of total
polyphenols (Rfrom 0.96 to 0.83) in water extracts. The correlatietween the antioxidant capacity
and ascorbic acid (Fig. 1) was lower than with pbnols (Rfrom 0.84 to 0.50, Table 1).

Table 1 Bioactive compounds and antioxidant capacities in water, ethyl acetate, and diethyl ether extracts of gooseberries (Physalis peruviana),
cranberries (Vaccinium macrocarpon), and blueberries (Vaccinium corymbosum)

Extracts Indices

POLYPHEN, mg GAE TANNINS, mg CE ABTS, uM TE FRAP, uM TE
Goberry, H,O 5.37 & 0.6° 0.71 £ 0.2° 15.53 £ 1.6° 651 £ 0.7¢
Crberry, H.O 22.13 +2.5° 512 £ 0.7° 72.76 + 65° 2697 + 2.7°
Blberry, H-0O 46.56 + 4.2° 13.04 + 1.3° 19941 + 18.6 94.10 + 9.3°
Goberry, EtOAc 0.29 & 0.1° 0.31 +0.1° 1.47 £+ 03° 042 £ 0.1°
Crberry, EtOAc 3.14 + 0.4° 0.51 +0.1° 13.50 + 13¢ 5.10 + 0.6°
Blberry, EtOAc 3.87 4+ 0.4° 0.62 + 0.2° 17.73 + 18° 753 + 08¢
Goberry, DEE 0.14 £ 0.01° 0.30 £ 0.1¢ 0.88 & 0.1° 0.084 + 0.01°
Crberry, DEE 2.11 £ 02° 0.32 £ 0.1 10.72 £+ 184 328 £ 04°
Blberry, DEE 4.13 £ 0.4° 0.62 £+ 0.3° 2042 + 23° 9.59 + 0.9°

Value are mean + SD of 5 measurements, Valueslimms for every bioactive compound bearing difféguperscript letters are
significantly different P < 0.005)
Per g dry weight

POLYPHENpolyphenolsCE catechin equivalenGAE gallic acid equivaleniABTS2, 2-Azino-bis
(3-ethyl-benzothiazoline-6-sulfonic acid) diammanigalt,FRAP Ferric-reducing/antioxidant power,
GoberrygooseberriesRhysalis peruviang Crberry cranberries\(accinium macrocarpgnBlberry
blueberriesVaccinium corymbosumEtOAcethyl acetateDEE diethyl ether.
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Fig. 2 Total anthocyanins (pg CGE/g DW) and vitamin C (mg AA/g
DW) in gooseberries, blueberries and cranberries. CGE cyanidin-3-
glucoside equivalent, AA ascorbic acid, Goberry gooseberries,
Crberry cranberries, Blberry blueberries, ANTHOC anthocyanins,
VIT C, vitamin C
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Mass spectra data

The spectrum shows the main m/z peaks found (Bigh2c) in water extract of berries with
relative abundance (RA %) from 5 to 100 %. The npaiaks were about 393, 381, and 290 for
cranberries, gooseberries, and blueberries, reégpctBarroso et al., 2011; Mikulic-Petkovsek &t a
2012). Other peaks appeared for cranberry at 38548 for blueberries at 241 (70 %), for cranberry
and blueberry were found at 104 with RA = 40 %, BAd-66%. Common peaks at 266 of 50% and
32% were in gooseberries and cranberries, respéctiVhe peaks of 116 (45 %), of 146 (25 %), and
219 (32 %) were estimated only in gooseberries. RA®f the obtained peaks corresponded with the
amount of total polyphenols contents in these saspl

Fluorometry spectra studies and FTIR

Water extracts showed the highest antioxidant ptigse therefore, only water extracts were
subjected to binding studies with HSA. The scaveggiroperties of the berries samples in
comparison with caffeic acid are shown in two-digienal fluorescence spectra (2D—FL). One of the
main peaks for HSA was found/aéxem of 220/360 nm. The second main peak appeardbdse
samples at eXx em of 280/350 nm (Fig. 3b—d). The interactiotH&A and the water extracts of
berries, HSA, water extracts and caffeic acid (Blg-d) showed slight change in the position of the
main peak at the wavelength of 360 nm and the dserm the relative fluorescence intensity
(RFI).The following changes appeared when the watgacts of berries were added to HSA
(initially the main peak at emission 360 nm an@#904.26 (Figs. 3a, b, and 4a, theupper line is
HSA).

The addition of blueberry extracts and caffeic atedreased the RFI of HSA (Fig. 3Db, lines
from the top to the bottom). The decrease in the(8f was proportional to the concentration of the
polyphenols and showed 23.3, 58.3, and 67.5 dimiegaction of 20, 100, and 2@@/mL blueberry
water extract with HSA. Oppositely, in the casaddition of caffeic acid, the decrease was of 29.0,
71.1, and 73 %, respectively. Cranberry extraatsveld the following results (Fig. 3c): HSA with 20
ug/mL decreased the RFI on 12.5 % and CaA -23.1 ith; 100ug/mL 28.5 % and CaA -42.4 %; and
with 200ug/mL of extract decreased the RFI on 35.9 % anld G&8A on 47.7 %. Gooseberry extracts
showed decrease in fluorescence (Fig. 3d): withdgZL on 3.1 % and addition of CaA -16.2 %;
with 100ug/mL on 10.8 % and 22.0 %, respectively; and wi 2g/mL on 16.5 % and with CaA -
27.6 %. The decrease in the RFI of HSA with R@0mL gooseberry, cranberry, and blueberry
extracts was 16.5, 35.9, and 67.5 %, and whenicafted was added, the decrease was 27.6, 47.7,
and 73 %, respectively (Fig 3b—d).

FTIR spectra of water extracts of gooseberrieeliuries, and cranberries (A), ethyl acetate

extracts of blueberries, gooseberries, and craieisgi8), and diethyl ether extracts (C) of
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gooseberries, blueberries, and cranberries aremrabsin Fig.4 (lines from the top to the bottom).
The comparison between the berries, the extrastssame standards in the range of common peaks
is shown in Table 2 A, B, C. The best matchinchia¢ommon range of the peaks was in water
extracts of the berries samples in the range @08,3,000 cii (Table 2 A) of 75 % with hesperidin
and 85 % with tannic acid. Caffeic acid showedrttatching in the range of 2,500—2,000 cffiable

2 A) of 42 %. In ethyl acetate extract, similar aiang in the range of 3,500—3,200 twf the peaks
was found with tannic acid and quercetin (Table) 2iBthe range of 2,400-2,300 ¢rirable 2 B),

gallic acid, fisetin, tannic, and caffeic acids wied about 70—78 % of common peaks.
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Discussion

It was of great interest to compare gooseberriesder to find out if their bioactivity is on
the same level as in other widely consumed bearesto use this kind of berries as a daily diet
supplement. Therefore, the contents of the bioacompounds and TAC were determined and
compared with the widely consumed blueberries aadberries.

As it was declared in Results, the contents ofdiiea compounds (polyphenols, tannins,
anthocyanins, and ascorbic acid) in three extnaete determined and compared. The significantly
highest amounts of bioactive compounds were in meatact of all investigated berries, and the
highest between the investigated berries was ielddrries. Also, the TAC according to ABTS and
FRAP was significantly higher in water extract didberries.

Our results correspond also with the data of Wal.g\Wu et al., 2006; Andersson et al.,
2009), where concentrations of total anthocyanarged considerably from 0.7 to 1,480 mg/ 100 g
FW in gooseberry (‘Careless’ variety) and chokejpeespectively. Total phenolic content and total
anthocyanin content of four berry fruits (strawlgeBaskatoon berry, raspberry and wild blueberry),
chokecherry, and seabuckthorn ranged from 22.831088 g/kg and 3.51 to 13.13 g/kg, respectively,
which corresponds with our results.

A number of reviewed articles showed that the ndactive compounds determining the
nutritional quality of berries are polyphenols,fatyanins, and flavonoids (Bowen et al., 2006; Basu
et al., 2011; Sinelli et al., 2008; Burdulis et @D09; Erkaya et al., 2012; Duen et al., 2011 ;nghet
al., 2012; Valcheva et al., 2005). The high antlamay content and biological activities of thesetfru
indicate that their consumption would be benefitoahealth. The berries may be useful in the
production of functional foods containing an efticaus dose of anthocyanins (Bowen et al., 2010;
Battino et al., 2009; Borges et al., 2010).

Our results were in accordance with the studidBasiu et al. (2011), based on the high
amount of phenolics in cranberries. As it was nmd above, Borges et al. (2010) showed that
FRAP, vitamin C, and polyphenolic compounds hawdlar results, especially in the relationship
between the anthocyanins which were the major inrtr to the antioxidant capacity of blueberries,
whereas the lower TAC of cranberries was due mamb/reduced anthocyanin content. Vitamin C
was responsible for 18-23 % of the TAC of cranlestrbut did not contribute to the TAC of the
blueberry extract. Our results on antioxidant cépaxt gooseberry correspond with Puente et al.
(2011) and Erkaya et al. (2012), who showed thditiath of gooseberry in the concentration of 15 %
to ice cream positively influenced the chemicahssgy, and mineral characteristics of the mixture.

The comparison of the results of different solvent®abai fruit parts (methanol, ethanol,
ethyl acetate, acetone, and water) and total plesnadtal flavonoids, total anthocyanins, and
antioxidant capacity (ABTS and FRAP assays) wewtordance with our data (Khoo et al., 2012).
The acetone extract had maximum phenol and fladbomntent and showed best DPPH free radical
scavenging activity and reducing capacity assessiaényl acetate extract showed best superoxide
radical scavenging activity, while aqueous extsliiwed best hydroxyl radical scavenging activity
(Chanda and Kaneria, 2012). Our present resultegmond with the previous ones where the amount
of polyphenol compounds and their antioxidant céjeescof Murtilla berries were significantly higher
than in other studied berries and are comparalleblueberries (Arancibia-Avila et al., 2011).
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Fig. 4 Change in the relative fluorescence intensity (RiFtjvo-dimensional fluorescence (2D-FL) spectra assult of
binding affinity of HSA, caffeic acid (CaA, 0.79 ¥ mol/L), and water extracts of berrigsfluorescence spectra of water
extract of HSA (2.0 x I®mol/L) in the presence of different concentratioi€aA 0, 0.17, 0.30, 0.67, 1.0, 1.7 x €10
mol/L at pH 7.4 at excitation wavelength of 290 @limes from the top to the bottom with RFI of 947,.845.49, 509.67,
352.50, 237.02, 107.70®)Lines from the top to bottom with RFI of 904.26, 688 640.57, 376.89, 294.08, 261.65, and
244.51 of HSA, HS and 2@g/mL Blberry, HSA and 2@g/mL Blberry and CaA, HAS and 1Q®/mL Blberry, HSA and
200pug/mL Bilberry, HSA and 10Qg/mL Blberry and CaA, HSA and 2Q@/mL Blberry and CaAc Lines from the top to
bottom with RFI of 904.26, 791.65, 695.64, 646.58.32, 520.84, and 472.82 for HSA; HSA andu®dmL Crberry, HSA
and 20ug/mL Crberry, and CaA, HSA and 1Q@/mL Crberry, HSA and 20Qg/mL Crberry, HSA and 100g/mL Crberry
and CaA, HSA and 20fg/mL Crberry and CaAd Lines from the top to the bottom with RFI of 904.866.48, 806.60,
757.74, 755.29, 705.17, and 654.84 for HSA, HSA 2hdg/mL Goberry, HSA and 100g/mL Goberry, HSA and 20
pg/mL Goberry and CaA, HSA and 208/mL Goberry; HSA and 100g/mL Goberry and CaA, HSA and 206/mL
Goberry and Cale The linear plot for log (§F)/F versus log [caffeic acid], wherg, land F represent the fluorescence
intensity of HSA in the absence and in the preeénaffeic acid. Abbreviations: HSA, human serutvushin; Go,
gooseberry, Crberry, cranberry and Blberry, blueberry
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Fig. 5 FTIR spectra of: a water extracts of gooseberries, blueberries, and cranberries from the fop to the bottom. b ethyl acetate extracts of
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Table 2 Matching of the peaks (%) in the FTIR spectra of polyphenols and standards in water (A), ethyl acetate (B) and diethyl ether
(C) extracts from

Range of bands 3.300-3.000 cm ™! 2,500-2,000 cm ™! 1.800-1,500 cm™! 1,200-900 cm ™!
Standards Matching of standards/samples (%)
Gob Blb Crb Gob Blb Crb Gob Blb Crb Gob Blb Crb
A
Gallic acid 42 44 42 37 38 38 0 1 1 23 18 20
Ferulic acid 21 22 22 26 28 28 2 2 2 2 0 0
Fisetin 20 20 25 35 37 37 4 4 4 6 6 6
Hesperedin 75 75 75 5 7 7 29 29 29 19 15 15
Tannic acid 85 85 85 41 44 44 6 6 6 17 12 12
Caffeic acid 26 26 25 41 42 42 26 26 26 8 3 7
Quercetin 73 73 73 18 19 19 4 4 4 7 5 5
Range of bands 3,500-3,200 cm 3,000-2.800 ¢cm ! 2.400-2,300 cm ™! 1.800-900 ¢m !
Range of bands 3,500-3.200 cm ! 3,000-2,800 cm ! 2,400-2,300 cm ! 1,800-900 cm !
Standards Matching of standards/samples (%)
Gob Blb Crb Gob Blb Crb Gob Blb Crb Gob Blb Crb
B
Gallic acid 48 51 46 8 9 11 75 73 72 45 46 43
Ferulic acid 22 19 22 15 15 16 57 55 57 15 13 19
Fisetin 17 26 16 10 11 15 71 70 70 17 13 8
Hesperedin 57 55 61 28 23 24 1 1 0 5 4 5
Tannic acid 79 77 78 13 13 15 77 77 78 51 48 57
Caffeic acid 18 15 17 36 39 39 77 75 76 12 16 10
Quercetin 73 72 71 0 6 9 36 34 36 4 6 9
Range of bands 3,300-3,100 cm™! 3,000-2.800 cm™! 2.500-2,200 cm ™! 1.800-600 cm ™'
Standards Matching of standards/samples (%)
Gob Blb Crb Gob Blb Crb Gob Blb Crb Gob Blb Crb
G
Gallic acid 50 47 48 12 10 26 61 59 61 30 29 22
Ferulic acid 15 9 31 15 16 4 38 37 37 6 37 9
Fisetin 25 25 22 9 9 4 51 49 51 3 2} 3
Hesperedin 90 87 73 30 27 31 5 5 5 4 4 6
Tannic acid 85 78 75 16 14 27 67 66 67 41 42 32
Caffeic acid 8 3 21 36 37 9 58 58 58 3 3 9
Quercetin 69 65 59 3 3 4 29 28 29 3 1 12

Gob gooseberries, Blb blueberries, Crb cranberries

It was evaluated that the ability to inhibit LDLid&tion and total polyphenol content were
consistent in classifying the antioxidant capaoityhe polyphenolrich beverages in the following
order: blueberry juice, black cherry juice, acatgy cranberry juice, orange juice (Seeram et al.,
2008). This order is in agreement with the polyptemd antioxidant ability of blueberry and
cranberry data in our investigation. Some studeggribute to the pharmacologic knowledge of
Physalisperuviana regarding a remedy commonly is€lombian traditional medicine (Pardo et
al., 2008). Our results vitro studies were compared with Faria et al. (2005)Hunct et al. (2010),
where anthocyanin-derived blueberry extracts waedyzed for the contents of polyphenols,
flavonoids, anthocyanins, and anthocyanin-derivigchpnts. All of the extracts provided the
protection of membranes against peroxyl radicalsbseasing the induction time of oxidation (Faria
et al., 2005; Flis et al., 2012, Gil et al., 1997).

This effect increased with the polyphenol contertt with the structural complexity of the
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anthocyanin-derived pigments of the extracts. @gults are in correspondence with Burdulis et al.
(2009), where it was shown that the strongest gid#mt capacity possesses blueberry cultivar
“Berkeley” (82.13 £ 0.51 %). Our results abouetimvestigated berries like cranberries are in full
correspondence with other reports that it is arelat source of high-quality antioxidants and dtiou
be examined in human supplementation studies (Yiies@al., 2008).

Bog bilberry water extracts contained polyphennthacyanin-rich (pigment), and sugar/acid
fractions by using ethyl acetate, acidic metha@@H) and 0.01 N HCI. The crude extract and
fractions containing polyphenol and pigment exlgithithe greatest antioxidantactivities with 50 %
inhibitory concentration IC(50) values of 85.8,33and 16.71g/mL, respectively, for the DPPH
assay, and 48.1, 83.8, and 51gdmL for the nonenzymatic superoxide radical assay.

In our case, the highest antioxidant capacity vasve in water; therefore, for binding
properties were used only these extracts (Kim.e2809). The amount of total phenolics,
anthocyanins, and ascorbic acid varied in berrggedding on their maturity and varieties. Our
results were in agreement with others (Viskelialgt2009), who showed the variation in their
composition. The phenolic compounds were aboutrd@4.00 g. The biggest quantities of ascorbic
acid were found in the ripe berries of “Ben Leattltivar (15.8 mg/ 100 g).

Based on the data reported by Wolfe and Liu (209d@ycetin had the highest cellular
antioxidant activity (CAA) value, followed by kaefepol, epigallocatechin gallate (EGCG),
myricetin, and luteolin among the pure compoundgete Among the selected fruits tested, blueberry
had the highest CAA value, followed by cranberrgpple = red grape > green grape. Our results are
similar to Kusznierewicz et al. (2012), where théa&idant activities of different blue-berried
honeysuckle cultivars were similar to that of wiicbwing bilberries (ranging from 170 to 4ol
TE/g DW in ABTS and from 93 to 16@nol TE/g DW in DPPH and Folin-Ciocalteu tests).

The major anthocyanin in the blue-berried honeylsualas cyanidin-3-glucoside, which
constituted 84-92 % of the total anthocyanins. @ata can be comparable with another report
(Cuevas et al., 2010), where the proanthocyanidimsdensed tannins) were present in the blackberry
fruits. The average anthocyanin concentration v@2 mg/g in the commercial cultivar ‘“Tupy’ while
in the wild genotypes and the breeding line, tmgeawas 361.3—494.9 mg/g (cyanidin 3-O-glucoside
equivalent). The proanthocyanidin concentrationegawidely among wild genotypes (417.5-1,343.6
mg/g CE). Comparison of different fractions of waggtracts from wild blackberry
Aristoteliachilensis (Mol) Stuntz (Elaeocarpacea@yesponded with our results. Also, other authors
reported similar results (Li et al., 2009). Tothkpolics, flavonoids, and anthocyanins (mg/g FW)
were in blueberry 261-585, 50, 25—-495; raspberty 299; antioxidant activityunolTrolox/g FW
for blueberry 14 by ABTS and 25.3 by DPPH) (Li bt 2009). The result from this study indicated
that blueberries had very high ORAC values anddrigimtioxidant capacity than other selected fruits
and vegetables.

In the present report, the best binding abilityh® HSA was with water extracts of berries. It
is interesting that in Faria et al. (2005), tharadical properties and the reducing power of the
extracts by using DPPH and FRAP methods, respégtiwere in agreement with those obtained with
the liposome membranes. This is in accordance mitlpresent data that the binding properties and
the antioxidant capacities are in correlation. Aeflerry fruit extract displayed a potent and
significant dose-dependent protectivecapacity a&#t shown in fluorescence studies with References
binding with HSA (Hurst et al., 2010).
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The obtained results by fluorescence are in diedationship with the antioxidant properties
of the berries extracts. The synergism of bioaatw@apounds is shown when to the mixture of HSA
and berries extracts caffeic acid was added. Oyrreeent results showed that the fluorescence is
significantly quenched, because of the conformatiothe HSA changes in the presence of phenolic
acids and berries extracts. This interaction betwdeenolic acids and HSA was investigated using
tryptophan fluorescence scavenging. Other res¥igo(et al., 2011; Zhang et al., 2008) differ from
the reported by us, probably because of the vaoietyntioxidant abilities of pure phenolic acidslan
different ranges of fluorometry scanning used ginailar study.

In vitro results of interaction of HSA and caffeic acidwhdn the present study can be
compared with other reports (Zhang et al., 200Bg displacement experiments confirmed that
caffeic acid could bind to the site | of HSA, whisfas in agreement with the result of the molecular
modeling study (Zhang et al., 2008). There ardamimany applications of 3D fluorescence spectra,;
therefore, our present conclusions that 3-D flumease can be used as an additional tool for the
characterization of the extracts of berries cutBvw@orrespond with the previous data (Gorinstein et
al., 2010). The matching results of common peak#i®first time showed that FTIR spectra can be
used for a rapid estimation of extracted bioactivmpounds. Quercetin and hesperidin exhibited the
highest matching of the peaks in the investigatrdds extracts in comparison with fisetin, caffeic
and gallic acids.

In our previous study, the FTIR spectra data shadvatthe main bands in the berries
samples slightly shifted (Gorinstein et al., 2020%hift in the difference between the standards an
the investigated samples can be explained by ttraation procedures of the main polyphenols.

B. Comparative assessment of two extraction procedes for determination of bioactive
compounds in some berries used for daily food consption

Results
Bioactive compounds

The results of the determination of the contentihefbioactive compounds in all studied
samples are summarised in Table 1. Water and natkatracts of gooseberries showed lower
amounts of polyphenols, flavonoids, flavanols arthins (6.24—-3.77 mg GAE'g0.29-0.45 mg CE
g’ 6-8 Ig CE {; and 1.01-1.24 mg CE'grespectively, Table 1) than blueberries and cais.

Antioxidant activity

As can be seen from Table 2, the A& TE ¢") for gooseberries by DPPH, FRAP, ABTS
and CUPRAC assays was 6.05-4.61; 8.07—7.61; 187D2:1and 13.44-12.71, respectively. The
antioxidant activity of blueberries was higher thhat of gooseberries and cranberries. As was
calculated, a very good correlation was found betw@e antioxidant activity and the contents of
total polyphenols in water and methanol extracke dorrelation between the antioxidant activity and
polyphenols was between 0.87 and 0.78.
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Fluorometry spectra studies and FTIR spectra

The quenching properties of the berry samplestayenis in two-dimensional fluorescence
spectra (2D FL) and also their comparison with geién (Q). One of the main peaks for HSA was
found atu ex/em of 220/360 nm. The second main peak appéartbese samples atex/em of
280/350 nm (Fig. 1). Water phenolic extracts shoslgghtly higher antioxidant properties than the
methanol ones, but the differences were not alwaysficant in all extracts. The interaction betwee
HSA and the water extracts (WE) of berries, HSA, ¥ Q (Fig. 1a), showed slight change in the
position of the main peak at the wavelength of 880and the decrease in the relative fluorescence
intensity (RFI).

The following changes appeared when the water &sta berries were added to HSA
(initially the main peak was at emission of 360 ama FI of 890.21 (Fig. 1a, the upper line is HSA).
The reaction of blueberry water extracts (BLUEBWEHh HSA (second line from the top) and with
BLUEBWE, HSA and Q (fifth line from the top) decssal the RFI of HSA by 28.1% and 41.7%,
respectively. The reaction of cranberry water exrdCRANBWE) with HSA (third line from the
top) and with CRANWE, HSA and Q (sixth line fromettop) decreased the RFI of HSA by 13% and
29.9%, respectively. The reaction of goosebernewaktracts (GOOSEBWE) with HSA (fourth line
from the top) and with GOOSEBWE, HSA and Q (sevdinih from the top) decreased the RFI of
HSA by 3.9% and 27.8%, respectively. These restltsved that the binding properties of
gooseberries were 7.2 and 1.5 times and 3.3 anihie$ lower than that of blueberries and
cranberries, respectively.

The following changes appeared when the methanidas of berries were added to HSA
(initially the main peak was at emission of 360 ama FI of 890.21, Fig. 1b, the upper line is HSA).
The reaction of blueberry methanol extracts (BLUEBMHE) with HSA (second line from the top)
and with BLUEBMeOHE, HSA and Q (fifth line from thep) decreased the RFI of HSA by 13.9%
and 31.3%, respectively. The reaction of cranbereyhanol extracts (CRANBMeOHE) with HSA
(fourth line from the top) and with CRANBMeOHE, HA®Bd Q (seventh line from the top)
decreased the RFI of HSA by 8.0% and 24.0%, reisgeé¢t The reaction of gooseberry methanol
extracts (GOOSEBMeOHE) with HSA (third line fronmettop) and with GOOSEBMeOHE, HSA and
Q (sixth line from the top) decreased the RFI ofAHfy 1.3% and 18.9%, respectively. The lowest
decrease was with GOOSEBMeOHE without quercetihthmisynergism of quercetin with
cranberries and gooseberries showed similar reJiieswater extracts showed higher binding
properties to berries than the methanol, and tiierdihce was significant in all berries.

Table 3 Bioactive compounds in water (H,O) and methanol (MeOH) polyphenol extracts of gooseberries (GOOSEB. Physalis peruviana),

cranberries (CRAN. Vaccinium macrocarpon) and blueberries (BLUEB. Vaccinium rm'}'nn’!a.wmr]"“"h‘j
Indices, g™ DW

Extracts of berries POLYPHEN, mg GAE FLAVON, mg CE FLAVAN, ng CE TANNINS, mg CE
GOOSEB, H,0 6.24 + 0.6° 0.29 + 0.01° 6 + 0.8 1.01 = 0.2¢°
CRAN, H,0 15.32 + 2.5" 3.06 = 0.4° 249 = 14.5° 2.30 + 0.7°
BLUEB, H;0 57.47 + 4.2° 6.68 + 0.6° 1762 + 25.6" 5.00 + 0.6°
GOOSEB, MeQOH 3.77 + 0.1° 0.45 + 0.01° 8 + 1.19 1.24 + 0.1°
CRAN, MeOH 20.25 + 0.4° 2.20 + 0.10 393 + 20.3° 1.76 = 0.1°
BLUEB, MeQH 57.96 = 0.4° 6.68 £ 0.7° 3210 £ 40.4° 24.80 + 25°

POLYPHEN, polyphenols; CE, catechin equivalent; GAE, gallic acid equivalent; FLAVON, flavonoids; FLAVAN, flavanols; nd, not determined; DPPH,
2,2-diphenyl-1-picrylhydrazyl; CUPRAC, cupric reducing antioxidant capacity; ABTS, 2, 2-azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diammo-
nium salt; FRAP, ferric reducing antioxidant power.

*Values are means = SD of five measurements.

Values in columns for every bioactive compound bearing different superscript letters are significantly different (P < 0.05).

‘Per gram dry weight.
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Table 4 Antioxidant activities in water (H>0) and methanol (MeOH) extracts of gooseberries (GOOSEB, Physalis peruviana), cranberries
(CRAN, Vacecinium macrocarpon) and blueberries (BLUEB, Vacciniun crm‘nn’w,\'mr]*""'T

Indices, ym TE g~ ' DW

Extracts of berries DPPH FRAP ABTS CUPRAC
GOOSEB, H,0 6.05 + 0.6° 8.07 + 0.9° 18.70 + 1.84 13.44 + 1.2°
CRAN, H,0 44.23 + 4 5° 22.45 + 2.4° 64.83 + 6.5° 28.45 + 2.7°
BLUEB, H,0 75.09 + 6.2" 177.25 = 14.6° 254.83 + 25.6° 250.95 + 18.6°
GOOSEB, MeOH 4.61 + 0.4° 7.61 £ 0.9° 19.13 + 2.14 12,71 £ 1.1°
CRAN, MeOH 23.25 & 2.4¢ 26.11 4 2.1b 68.40 + 6.3° 32.67 & 3.10
BLUEB, MeOH 142.03 + 11.4° 149.00 + 11.7% 265.92 + 25.4° 265.76 + 20.5°

POLYPHEN, polyphenols; CE, catechin equivalent; GAE, gallic acid equivalent; FLAVON, flavonoids; FLAVAN, flavanols; nd, not determined; DPPH,
2,2-diphenyl-1-picrylhydrazyl; CUPRAC, cupric reducing antioxidant capacity; ABTS, 2, 2-azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diammo-
nium salt; FRAP, ferric reducing antioxidant power.

*Values are means = SD of five measurements.

Walues in eolumns for every bioactive compound bearing different superscript letters are significantly different (P < 0.05).

‘Per gram dry weight.

Our most recent results showed that the fluorescensignificantly quenched, because of the
conformation of the HSA changes in the presenapefcetin and berry extracts. This interaction
between quercetin and HSA was investigated usymydphan fluorescence quenching. Other results
(Xiao et al, 2011a,b; Zhangt al, 2009) differ from that reported by us, probabdcause of the
variety of antioxidant abilities of pure flavonoidad different ranges of fluorometry scanning used
a similar study. Ouin vitro results of interaction between HSA and quercedimtee compared with
other reports (Zhanet al, 2009).

There are not too many applications of 3D fluoreseespectra; therefore, our present
conclusions — that 3D fluorescence can be used additional tool for the characterisation of the
polyphenol extracts of berries cultivars — corregpwith the previous data (Gorinstein et al., 2009;
2010; 2013) and can be applied to any food analysis

FTIR spectra of water (a) and methanol (b) extrattposeberries, blueberries and
cranberries are presented in Fig. 2 (lines frombtbtéom to the top). The FTIR wave numbers in
polyphenol water extracts showed a broad bandza 8@i" for gooseberries and blueberries, but for
cranberries, there was a shift to 3332 dphenolic OH band). Other bands were detected42,23
2349 and 2345 cirfor gooseberry, blueberry and cranberry, respdgtive 1642 cni' (C=0
stretching phenyl ring amino acid-1), this band wekected for gooseberry and blueberry and at 1636
cm* only for cranberry (Fig. 2a). The methanol polypbleextracts (Fig. 2b) showed similar bands at
3313, 2943 and 2834 ¢hfior three berries. At 1652 ch{characteristic CO stretching), bands
appeared for gooseberry and blueberry and at 1fifSar cranberry. In the range of 1445 ¢na
band was found for gooseberry. At 1410°¢mm band was found for blueberry and at 1391 ¢a®OH
phenolic bending) for cranberry. The common bands 45 cni (aromatic bending and stretching)
and at821 crhwere estimated for all berries.

The comparison between the berries, their exteaadssome standards in the range of
common peaks is shown in Tables 3—4. The best ingtainthe common range of the peaks was in
water extracts of the berries between 3200 and 800QTable 3) of 87% with tannic acid, 78% with
hesperidin and 64% with gallic acid. Caffeic anghia acids showed the matching in the range of
2500-2000 crh (Table 3) of 40%. In phenolic extracts with methiasimilar matching of the peaks
was found in comparison with tannic acid (84%) hadperidin (70%). Quercetin in the range of
3500-3100 crh (Table 4) showed similarity with the same band3a, which was three times
higher than that in water phenolic extract. Initéege of 3000-1600 ch(Table 4), caffeic, gallic,
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tannic and ferulic acids showed matching with thveestigated berries from 30 to 12%.

These matching results for the first time show BHER spectra can be used for the rapid
estimation of extracted bioactive compounds. Querexhibited the highest matching in the
investigated fruit extracts in comparison with fiseand caffeic and gallic acids in methanol estisa
of investigated berries. Difference between thaddeds and the investigated samples can be
explained by the extraction procedures of the rmpalgphenols.

Discussion

Our results, connected with the bioactive compowamibAAsS, are in correspondence with
others, showing that water extracts of blackbew@gain high amounts of bioactive compounds (Dai
et al., 2009). Our results correspond also withrdsearch of Wu et al. (2006), where concentrations
of total anthocyanins varied considerably fromt0.2480 mg per 100 g FW in gooseberry
(‘Careless’ variety) and chokeberry, respectivBliPPH radical scavenging activity of currant varied
from 12.67 to 31.18 mmol TE RgWojdyo et al., 2013), and it was similar to theuks obtained in
this research.

Total phenolic content of four berry fruits (stragvky, saskatoon berry, raspberry and wild
blueberry), chokecherry and seabuckthorn ranged #2.83 to 131.88 g Kg which corresponds
with our results as well. Conclusions made in @ort of Elberry et al. (2010) are in line with our
results about the high antioxidant activity of besgr

Our results are in accordance with You et al. (20&here four rabbiteye blueberry cultivars
(Powderblue, Climax, Tifblue and Woodward) growganically and conventionally were compared
regarding their chemical profiles and antioxidaagpacity in terms of total phenolic contentand
antioxidant values determined by ABTS, DPPH, FRAB @UPRAC assays. The comparison of the
results of different solvents in dabai fruit pargethanol, ethanol, ethyl acetate, acetone and)wvate
(ABTS" and FRAP assays) were in accordance with our #dtad(et al., 2012).

The acetone extract had maximum phenol and fladoomitent and showed the best DPPH
free radical scavenging activity and reducing capassessment. Ethyl acetate extract showed best
superoxide radical scavenging activity, while agieeextract showed best hydroxyl radical
scavenging activity (Chanda & Kaneria, 2012). Rbale(2012) showed that goosebePhysalis
peruviang fruit is one of the less used raw materials ahplorigin, which can be used for human
nutrition and can be promoted as a food additivieesh and processed food, as an extract from fresh
or frozen fruits. The methanolic extracts of thcattivars expressed high antioxidant activity and
correlated with the amount of polyphenols.

We have investigated the binding properties of cgtén in aqueous and methanol media,
using UV/vis and fluorometry, which is one of thgargphenolic compounds found in berries. Our
results were in accordance with Guo et al. (208H) demonstrated that quercetin and other phenolic
compounds can effectively modulate iron biochemisatrder physiologically relevant conditions,
providing insight into the mechanism of action addztive phenolics (Guo et al., 2007). Our results
are in agreement with Xiao et al. (2011) as welt ttietary flavonoids are important polyphenols in
berries as they are of great interest for theiadiiwities, which are related to the antioxidative-
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Figure 6 Change in the relative fluorescence intensity (RFI) in two-dimensional fluorescence (2D FL) spectra as a result of binding affinity of
HSA, quercetin (Q. 0.79 x 10 & M), water and methanol extracts of berries: (a) fluorescence spectra of HSA (2.0 x 10°° m). HSA and water
extracts (WE) of blueberries (BLUEB), WE of cranberries (CRAN), WE of gooseberries (GOOSEB), HSA and WE BLUEB and quercetin

(Q). HSA and WE CRAN and Q; HSA and WEGOOSEB and Q (lines from the top to the bottom with RFI of 890.21, 640.45, 774.65,
855.14, 518.74, 623.66 and 642.97). (b) fluorescence spectra of HSA (2.0 x 10 ~¢ sm), HSA and methanol extracts (MeOHE) of BLUEB;
MeOHE of CRAN:; McOHE of GOOSEB: HSA and MeOHE BLUEB and Q, HSA and MeOHE CRAN and Q; HSA and McOHE GOOSEB
and Q (lines from the top to the bottom with RFI of 890.21, 767.52, 878.87, 818.87, 611.73. 676.80 and 722.15). A, B, C, D. E. F. G. H, three
dimensional fluorescence spectra of WECRAN and HSA, WECRAN and HSA and Q; WEGOOSEB and HSA; WEGOOSEB and HSA and
Q; MeOHECRAN and HSA, MeOHECRAN and HSA and Q; MeOHEGOOSEB and HSA; MeOHEGOOSEB and HSA and Q.
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Table 5 Matching of the peaks (%) in the FTIR spectrum of extracted polyphenols in water from gooseberries (GB, Physalis peruviana), cran-
berries (CB, Vaccinium macrocarpon) and blueberries (BB, Vaccinium corymbosum) and standards

1

Range of bands 3200-3000 cm ™" 2500-2000 cm " 1800-1500 cm

Matching of standards/samples (%)

Standards GB BB CcB GB BB CB GB BB CcB
Gallic acid 64 64 64 37 33 36 0 1 0
Ferulic acid 23 23 23 28 19 25 2 3 3
Fisetin 20 19 16 35 34 35 3 2 3
Hesperidin 78 77 78 5 5 5 28 28 28
Tannic acid 87 87 87 41 40 40 6 6 6
Caffeic acid 52 48 53 40 35 40 26 26 26
Quercetin 23 22 22 26 26 26 1 1 1

Table © Matching of the peaks (%) in the FTIR spectrum of extracted polyphenols in methanol from gooseberries (GB, Physalis peruviana),
cranberries (CB, Vaccinium macrocarpon) and blueberries (BB, Vaccinium corymbosum) and standards

Range of bands 3500-3100 cm ™" 3000-2800 em ™’ 1800-1600 cm ' 1500-700 cm !

Matching of standards/samples (%)

Standards GB BB CB GB BB CB GB BE CB GB BB CcB
Quercetin 70 7 70 1 5 6 1 3 3 5 8 5
Ferulic acid 17 17 18 14 12 11 18 8 18 6 5.5
Fisetin 10 17 17 10 15 12 3 22 3 7 7.5 7.5
Hesperidin 69 69 70 34 35 40 20 26 9 6 3.5
Tannic acid 84 84 84 14 16 14 9 35 2 35 35 37
Caffeic acid 34 38 35 27 30 24 16 17 3 m 10 16
Gallic acid 59 57 57 17 13 1 19 28 16 27 18 26

- property. The binding affinities with HSA wereatgly influenced by the structural differences of
dietary polyphenols from berries.

We have investigated the binding properties of cgtén in aqueous and methanol media,
using UV/vis and fluorometry, which is one of thgargphenolic compounds found in berries. Our
results were in accordance with Guo et al. (208#) demonstrated that quercetin and other phenolic
compounds can effectively modulate iron biocheristrder physiologically relevant conditions,
providing insight into the mechanism of action afdztive phenolics (Guo et al., 2007). Our results
are in agreement with Xiao et al. (2011) as welt ttietary flavonoids are important polyphenols in
berries as they are of great interest for theiatliwities, which are related to the antioxidative
property. The binding affinities with HSA were stgly influenced by the structural differences of
dietary polyphenols from berries.

The HSA—polyphenol interaction weakened with tleefradical scavenging potential of
polyphenols. The structural difference of flavorsoirongly affects the binding process with plasma
proteins. Flavonoids played as a hydrogen bondpsece/hen bound to HSA (Xiao et al., 2011). The
relatively high binding properties of gooseberades important from the point of view of their
incorporation in food products as an important @aient. Ouiin vitro fluorometry studies are in
agreement with others, who investigated the pragsedf berriesn vivo.

So, the drinking of cranberry juice for 4 monthfeefed antioxidant capacity and lipid profile
in orchidectomised rats. Orchidectomy depresseshmaantioxidant capacity of plasma and
increased triglyceride and cholesterol valueswatland plasma (Deyhiet al, 2007). Rats fed with
goldenberry Physalis peruviangjuice showed lower levels of total cholesterotat triacylglycerol
and total low-density lipoprotein cholesterol, aslvas higher levels of high-density lipoprotein
cholesterol in comparison with animals fed with H&m cholesterol-free diet (Ramadan, 2012).
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Figure 7 FTIR spectra of: (a) water extracts of gooseberries, blueberries and cranberries; (b) methanol extracts of gooseberries, blueberries
and cranberrics from the bottom to the top. The elliptical symbols showed the similar range of the spectra in two extracts.

It is possible to supplement food products withaktracts of the studied berries, as it was
shown in the study by Lastawska (2010). The salgoteducts were in the form of hard gelatin
capsules. They contained the extracts from chokgbenanberry and blueberry. All studied
preparations showed antioxidant properties andpnayide substantial antioxidant protection. Tine
vitro antioxidant capacity varied considerably and wss®eaiated with the content of polyphenols in
the capsule.

The studied gooseberry can be used as dry or fnesérial or as water extracts. The most
important aspect is the prevention of antioxidaopprties during the food processing. Our present
results are in correspondence with the previoudtsesvhere only aqueous extracts were used, with
other kinds of berries. In our previous reportyéts shown that aqueous extracts of investigated
berries were subjected to different times of thémnacessing. Only thermal treatment of studied
berries influences their quality: berries afteral@ 20 min of thermal processing preserved their
bioactivity (Arancibia-Avila et al., 2012).
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This is in accordance with Reyes kt(@011), who showed that ascorbic acid content was
decreased in freeze-dried blueberries comparedfreish fruit, while polyphenols were decreased in
atmospheric freeze-drying unlike in vacuum freemgrd), where this nutritional property was
increased. The results show promising perspectirabe exploitation of berry species with
considerable levels of nutrients and antioxidapiac#y in foods. Our data add valuable information
to current knowledge of the nutritional propertidderries, such as the considerable antioxidadit an
binding capacities that were found. In conclustbe,bioactivity of gooseberries is lower and
comparable with blueberries and cranberries. Gasel are a promising exotic fruit that could be
made into many novel dishes. 3D fluorescence spmmipy and FTIR spectroscopy were used as
additional tools for the characterisation of théyphenol extracts in different berry cultivars. The
analytical methods used in this study can be agpidieany food analysis.

C. In Vitro Studies on the Relationship Between théntioxidant Activities of Some Berry
Extracts and Their Binding Properties to Serum Albumin

Bioactive Compounds and Antioxidant Activities

It was interesting to use different solvent systesmsh as diethyl ether, ethyl acetate, and
water in order to find out the best extraction gdods and the maximum antioxidant activities of
gooseberries in comparison with blueberries andberaies. The results of the determination of the
contents of the bioactive compounds in the extratcteree solvents of all studied samples are
summarized in the Table 1. As can be seen, théisamt highest contents (P<0.05) of polyphenols
and flavanols were in the water fraction of bluelesr(46.56+ 4.2 mg GAE/g and 1.75+0.3 mg CE/qg,
respectively).

The contents of flavonoids are comparable withddua in cranberries. The contents of
chlorophylls and carotenoids (Fig. 1) were the bgjtin blueberries as well (P<0.05). The weight
ratio of Chla and Chlb is an indicator of the fuatl pigments. The ratios of chlorophylls a/b were
the following: 0.68, 1.17, and 2.55 for goosebar(l@OOSEB), cranberries (CRAN), and blueberries
(BLUEB), respectively. The ratio of total chloroplsyto total carotenoids is an indicator of the
greenness of plants (Fig. 1).

Carotenoids and chlorophylls are important in themgosition of berries. The ratio of total
chlorophylls to total carotenoids was 2.15, 2.4 8.67 for gooseberries, cranberries, and
blueberries, respectively. The two ratios weréhmrange which shows that the berries were grown
and collected at optimal growing conditions (Liatttealer, 1987). The obtained contents of
chlorophylls and carotenoids were in acceptablgeashowing their sensitivity to seasonal variation
in climatic conditions (Kamffer et al., 2010).

Our data can be compared with other reports (Asderst al., 2009), where different
carotenoids in seabuck thorn berries increasednoentration during ripening and comprised from
120 to 1,425.9/g DW of total carotenoids (1.5-18.5 mg/100 g bf)Fdepending on the cultivar,
harvest time, and year. The content of chloroptatl act as a marker of the degree of ripening.



Table 7 Bioactive compounds in water, ethyl acetate, and diethyl ether extracts of gooseberries (P peruviana),
cranberries (V. macrocarpon), and blueberries (V. corymbosum) per gram dry weight

Extracts Indices

POLYPHEN, mg GAE FLAVON, mg CE FLAVAN, ug CE
GOOSEB, H,O 537106 0.224+0.04 nd
CRAN, H,0O 22.134+2.5 3.83£04 467.36+14.5
BLUEB, H,O 46.56+4.2 3.89+0.6 1,751.51+£25.6
GOOSEB, EtOAc 0.29+0.1 0.11£0.01 nd
CRAN, EtOAc 3.14+04 0.66=+0.1 44.14+4.3
BLUEB, EtOAc 387+04 0.74+0.1 112.06+7.4
GOOSEB, DETETHR 0.14+0.01 0.08+0.01 1.21+0.1
CRAN, DETETHR 2.11£02 0.10£0.01 7.66+0.8
BLUEB, DETETHR 413+£04 0.39+0.1 32.554£3.9

Values are means + SD of five measurements. All statistical data are presented in Table 4

POLYPHEN polyphenols, CE catechin equivalent, GAE gallic acid equivalent, FLAVON flavonoids, FLAVAN
flavanols, nd not determined, GOOSEB gooseberries (£ peruviana), CRAN cranberries (V. macrocarpon),
BLUERB blueberries (V. corvmbosum), EtOAc ethyl acetate, DETETHR diethyl ether

100
0O GOOSEB
90+ o CRAN
@ BLUEB
M_
70

Amount, ug/g DW
3

Chla Chib
Samples of berries

Chl a+b

Xant+Car

Fig. 8 Chlorophyll and carotenoid levels in berries. Values are means + SD: £7.15, 20 48, and £0.01 for Chla in
BLUEB, CRAN, and GOOSEB, respectively; +2.45, +0.43, and +0.01 for Chl b in BLUEB, CRAN, and
GOOSEB, respectively; £10.08, 20, 86, and £0.12 for Chl a + b in BLUEB, CRAN, and GOOSEB, respectively;
+] 25, 2. 34, and +0.08 for Xant + Car in BLUEB, CRAN, and GOOSEB, respectively. Ch! chlorophyll, Xant

xanthophylls, car carotenes, GOOSEB gooseberries, CRAN cranberries, BLUEB blueberries



We investigated the properties of quercetin, thppngzhenolic phytochemical present in
berries, in aqueous media using UV spectroscopgrdimetry, and ESI-mass spectrometry. As was
declared in “Results and Discussion”, the conteftioactive compounds (polyphenols, flavonoids,
and flavanols) in three different extracts was heieed and compared, and the significantly highest
amounts were in water extract of blueberries. Goasees showed a moderate amount of bioactive

compounds.
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Table 8 Mass spectral data (molecular ion and the major fagment ions of polyphenols extracted from bemies)

Extracts Berries [M-H] and fragmentation Compound
in ESL (% m MS)
Water Goosebernes 190.79 (100} Quinic acid
Cranbermries 352.77 (40), 190.79 (100) Chlorogenic acid, quinic acid
204.74 (1%) p-Coumaroyl tartaric acid
212.6 (20) 2.3 Dihydroxy-/-guaiacyl propanone
Bluebermies 404 85 (60) Piceatannol 3-O-glucoside
36,68 (40), 190.93 (100) 5-Heptadecylresorcmol, quinic acid
Ethyl acetate Goosebernes 44440 (35) Apigenin 7-O-glucuronide
190.79 (30) Quinic acid
212.6 (100) 2,3 Dihydroxy-/-guaiacyl propanone
Cmnbemes 444.5 (10) Apigenin 7-O-glucuronide
190.79 (100) Quinic acid
212.6 (50) 2,3 Dihydroxy-/-guaiacyl propanone
Blueberries 34668 (20) 5-Heptadecylresorcinol
190.79 (100) Quinic acid
Diethyl ether Goosebernes 44433 (40) Apigenin 7-O-glucuronide
212.6 (100) 2,3 Dihydroxy-/-guaiacyl propanone
16881 (30) Crallic acid
Cranbemies 44447 (40) Apigenin 7-O-glucuronide
300.83 (40) quercitin
212.6 (100) 2.3 Dihydroxy-/-guaiacyl Propanone
190.7 (55) Quinic acid
Blueberries 3669 (500, 190.8 (80) 3-Feruloylquinic acid, quinic acid
212.7 (100) 2.3 Dihydroxy-/-guaiacyl propanone
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Fig. 9 ESI-MS spectra of extracted fractions from three studied berries. a Aqueous, b ethyl acetate, and ¢ diethyl
ether of @ gooseberries. b cranberries, and ¢ bluebemries in negative ion mode. Phenolic compounds were
identified at m/z based on the mass spectra data
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Fig. 9 (continued)

Our results were in agreement with others, showhagwater extracts of blueberries contain
high amounts of polyphenols (Deiti al., 2009). The amount of phenolics for bluepard cranberry
was reported as 261-585 and 315 mg/g FW and faorflzids as 50 and 157 mg/g FW (Fernandez et
al., 2008; Matta-Riihinen et al., 2004) The ESI-M3iegative ion mode (Table 2; Fig. 2a) of water
extracts differs between berries. The water extvagboseberry (Table 2; Fig. 2—Aa) showed that
the molecular ion at m/z 190.79 corresponded toiquicid. Oppositely, cranberry (Table 2; Fig. 2—
Ab) water extract was characterized by chlorogewnid of the (M-H)- deprotonated molecule (m/z
353) and the ion corresponding to the deprotongtitic acid (m/z 191), which was consistent with
Sun et al., (2007).

Blueberry water extract (Table 2; Fig. 2c) demratst] a peak at 404.85 (piceatannol 3-O-
glucoside), 346.68, and 190.93 as a result of agsty 5-heptadecylresorcinol. Ethyl acetate extract
of berries showed similar spectral peaks. Goosgl{€able 1; Fig. 2—Ba) and cranberry (Table 1,
Fig. 2—Bb) were similar in molecular ions but diffa the percentage in MS. Blueberry ethyl acetate
extract (Table 2; Fig. 2—Bc) and water extract (€ah Fig. 2—Ac) were similar. In the diethyl
ether extracts (Table 2; Fig. 2c) of all berriég main peak was of m/z 212.6. The spectra of
blueberry differ from gooseberry and cranberry vaitie peak at m/z 366.9. In gooseberry and
cranberry extracts, one common peak appeared at44d/4, but gooseberry extract is characterized
by the peak of gallic acid and in cranberry onlgigetin is found.

The recorded spectra were in the same scale (irattgee between 100 and 600m/z) for
comparison. We choose negative mode as the MS mhédgwause in many publications it was
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described that this mode is the best for analyidiswomolecular weight phenolic compounds
(Gémez-Romero et al., 2011; Dastmalchi et al., 2@ub et al., 2002; Sun et al., 2007). All of the
peaks were identified and the recorded MS speaimébe used as a fingerprint for characterization of
different berry extracts based on the percentadgieeofain peaks.

Our obtained results by MS are similar to Zuo e{2002), where 15 benzoic and phenolic
acids (benzoic, o-hydroxybenzoic, cinnamic, m-hygtenzoic, p-hydroxybenzoic, p-hydroxyphenyl
acetic, phthalic, 2,3-dihydroxybenzoic, vanillichgdroxycinnamic, 2,4dihydroxybenzoic, p-
coumaric, ferulic, caffeic, and sinapic acid) wigentified in cranberry fruit. The most abundant is
benzoic and then p-coumaric and sinapic acids.phle@olic constituents in the berries were
identified as chlorogenic acid, p-coumaric acidydryside, quercetin-3-O-glucoside, isoorientin,
isovitexin, orientin, and vitexin (Dastmalchi et,&011). The AA of blueberry in water extracts
(Table 3) as determined by CUPRAC, DPPH, psudirotene assays (131.09+12.0\3 TE/g DW,
108.09+7.2uM TE/g DW, and 80.11+8.9 %, respectively) in alltbé extracts used is significantly
higher than that recorded for other berries stu¢e.05).

The AA of gooseberry is lower by about nine timeasrt in blueberries and four times than in
cranberries. As was calculated, a very good cdioglavas found between the antioxidant activity
and the contents of total polyphenols in wateraetsr. All groups of data (Tables 1 and 3) wereetest
for character of their distribution and homogeneityariance at 0.95 confidence level. The Shapiro—
Wilk normality test showed that all the data ingwe are normally distributed, with the exception of
flavanols in gooseberry water and ethyl acetateetd with no quantified content. Levene’s F test,
which is widely accepted as the most powerful hoemegty of variance test, indicated extract types
which have no the same variance tested at 0.9%demk level.

Table 4 presents significant differences (with Riga <0.05) between bioactive compounds
contents and antioxidant activities in differentragts of berries found by multiple comparisonsgsi
the method of Student—Newman—Keuls. The methodtdersignificantly different pairs, and the
group in the first position means that it is highethe contents of bioactive substances. For el@mp
the case of polyphenols in line G/W-G/D means tissizally different content of polyphenols
between gooseberry water and diethyl ether extrd¢aser extract is higher in the content of
polyphenols of about 10.2 mg GAE/g DW. From Tahlé & evident that in majority of the cases,
water extraction yields the highest content of bim@ compounds and antioxidant activities.

The antioxidant activity of different extracts wasluated by DPPH free radical scavenging
activity, taking total phenolic content as an indBeddy et al., 2008). Our obtained results
correspond with the data of Kusznierewicz et @1¢), where the DPPH antioxidant activity varied
from 93 to 166 mol TE/g DW. The obtained phenobpounds and DPPH values (Tables 1 and 2)
were as well in the range of those reported byt lal &2009) of four berry fruits (strawberry,
Saskatoon berry, raspberry, and wild blueberrykebherry, and seabuck thorn ranging from 22.83
to 131.88 g/kg and DPPH ranging from 29.97 to 78@6

The bioactivity of blueberry is significantly hightihan the bioactivity of other berries;
however, this index in the gooseberry is comparafile the studied samples. According to the
results of Table 4, the antioxidant activities xfracts, partitions, and fractions were strongly
correlated with the highest polyphenol contentgréation between polyphenols and antioxidant
properties exactly corresponded with our resutis:Highest phenolic content was found in walnut,
which revealed the best antioxidant properties Kkéiset al., 2010). This corresponds with Seeram
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(2010), who discussed also that phytonutrientsedrigpm fat-soluble/lipophilic to water-
soluble/hydrophilic compounds. Our results aboattigh antioxidant activity of berries (Table 3¢ ar
in line with Elberry et al., (2010), showing a hightioxidant activity of cranberry extract.

Table 9 Antioxidant activities in water, ethyl acetate, and diethyl ether extracts of gooseberries (P. peruviana),
cranberries (V. macrocarpon), and blueberries (V. corvinbosum) per gram dry weight

Extracts Indices
DPPH, uM TE/g DW CUPRAC, uM TE/g DW [3-carotene. %

GOOSEB, H,0O 8.39+09 11.25%1.1 11.40+0.9
CRAN, H,O 46.58+4.5 4938+4.4 36.71+3.8
BLUEB, H,0O 108.09+7.2 131.09+9.6 80.10+6.6
GOOSEB. EtOAc 0.35+0.1 0.88+0.1 0.54+0.1
CRAN, EtOAc 3.02+04 920+1.1 6.09+0.6
BLUEB, EtOAc 8.83+44 12.40+1.1 8.13+0.9
GOOSEB, DETETHR 0.16+0.01 0.24+0.01 0.20+0.01
CRAN, DETETHR 342404 5.77+0.6 348+0.3
BLUEB, DETETHR 10.97+0.9 14.87+1.1 6.79+0.7

Values are means + SD of five measurements. All statistical data are shown in Table 4

DW dry weight, DPPH 2.2-diphenyl-/-picrylhydrazyl, CUPRAC cupric reducing antioxidant capacity, F-caro-
tene [3-carotene linoleate assay, GOOSEB gooscberries (P peruviana), CRAN cranberries (V. macrocarpon),
BLUEB blucberries (V. corymbosum), EtOAc ethyl acetate, DETETHR diethyl ether

Table 10 Statistically significant differences between the content of bioactive compounds in different extracts of
berries by Student-Newman—Keuls multiple comparisons

Comparison between Difference Standard error g stat Table ¢ Probability,
berries extracts P<0.05
Polyphenols
G/W-G/D 10.2053 0.7071 14.4325 3.6332 0.0000
G/E-G/D 8.6337 0.7071 12.2099 27718 0.0000
B/W-B/D 43603 0.7071 6.1665 3.6332 0.0001
B/W-B/E 3.8084 0.7071 5.3860 33145 0.0004
Flavonoids
G/W-G/E 2.7948 0.7071 3.9525 3.6332 0.0267
C/W-C/D 7.0963 0.7071 10.0357 4.0301 0.0000
C/E-C/D 4.3453 0.7071 6.1452 3.8577 0.0001
B/W-B/E 4.1482 0.7071 5.8665 3.8577 0.0003
B/W-B/D 4.1482 0.7071 5.8665 3.6332 0.0002

C/W-C/E 2.7510 0.7071 3.8905 2.7718 0.0059
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Table 10 (continued)

Comparison between Difference Standard error g stat Table ¢ Probability,
berries extracts P<0.05
Flavanols
G/W-G/D 3.2040 0.7071 4.5311 33145 0.0039
G/E-G/D 3.2040 0.7071 45311 2.7718 0.0014
C/W-C/D 6.3189 0.7071 8.9363 3.8577 0.0000
C/E-C/D 39136 0.7071 5.5347 33145 0.0003
B/W-B/D 4.6555 0.7071 6.5839 3.8577 0.0000
C/'W-C/E 24053 0.7071 3.4016 33145 0.0427
B/W-B/E 27159 0.7071 3.8409 33145 0.0181
DPPH
G/W-G/D 12.0877 0.7071 17.0946 4.0301 0.0000
G/E-G/D 7.8126 0.7071 11.0486 27718 0.0000
G/W-G/E 42751 0.7071 6.0460 3.8577 0.0002
C/W-C/E 4.3824 0.7071 6.1976 4.0301 0.0002
C/'W-C/D 4.3289 0.7071 6.1219 3.8577 0.0001
B/W-B/D 4.2085 0.7071 5.9517 3.8577 0.0002
B/W-B/E 2.8095 0.7071 3.9733 33145 0.0138
CUPRAC
G/W-G/D 9.7648 0.7071 13.8095 4.0301 0.0000
G/E-G/D 4.4785 0.7071 6.3335 2.7718 0.0000
GW-G/E 52863 0.7071 7.4760 3.8577 0.0000
TW-C/D 48131 0.7071 6.8068 4.0301 0.0000
B/W-B/E 4.3484 0.7071 6.1495 4.0301 0.0002
/W—B/D 4.1359 0.7071 5.8490 3.8577 0.0003
C/W-C/E 2.9609 0.7071 4.1874 2.7718 0.0031
[3-CAROTENE
G/W-G/D 8.5379 0.7071 12.0744 4.0301 0.0000
G/E-G/D 3.8783 0.7071 5.4847 2.7718 0.0001
G/W-G/E 4.6596 0.7071 6.5897 3.8577 0.0000
C/'W-C/D 52270 0.7071 7.3921 4.0301 0.0000
C/W-C/E 3.6094 0.7071 5.1045 3.8577 0.0028
B/'W-B/D 4.0614 0.7071 5.7437 3.8577 0.0005

B berries, G gooseberries, C cranberries, B blueberries, W water. E ethyl acetate, D diethyl ether

Pronounced antioxidant and radical scavenging ptiegeof cranberry was shown by
Wojnicz et al., (2012). Ethanol-soluble acidic caments were used in order to determine the
bioactivity of natural novel sources against oxma(Li et al., 2012). Our results are in accordanc
with You et al., (2011), where four Rabbiteye blemet cultivars grown organically and
conventionally were compared by their total phenobintent and antioxidant values by DPPH and
CUPRAC. Our studies are not in full correspondenitk others (Wu et al., 2005) based on the
different extraction systems.
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In our case, the most active was the water fraaifdh peruvianaPP) in comparison with
ethyl acetate and diethyl ether. As was reporte@hyet al., (2005), supercritical carbon dioxide
SCEPP-5 PP extracts in comparison with hot watéredimanol possessed the highest total flavonoid
(226.19 mg/g) and phenol (100.82 mg/g) contents.résults connected with other reports (Reddy et
al., 2008; Victoria et al., 2012), where the metiiaxtract of leaves from some plants was more
potent against Aspergillusfumigatus and Candidpitena.

The lowest MIC values obtained for LM, LA, and LHexke 78, 156, and 63%/mL against
A. fumigatus, C. tropicana, and orange juice wgniitantly more potent in protecting the bladder
against ischemia/reperfusion damage than eithebbluy or cranberry juice. Thus, it is concluded
that chemical tests for TAA do not necessarily elate with their physiological activity (Bean et,al
2010). The obtained antioxidant activity by FRAPbafeberry and cranberry extracts was similar to
other studies. Probably, a complex spectrum ofaaydmins was the major contributor to the
antioxidant activity (Borges et al., 2010).
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Fig. 10 Two-dimensional fluorescence (2D-FL) and three (3D-FL) spectra illustrate the interaction between HSA,
quercetin, aqueous (positions da. Ab, Ae, and Ad), and ethyl acetate (positions Ba, Bb. Be, and Bd) extracts of
studied berries. a Change in the fluorescence intensity as a result of binding affinity with water extracts: HSA
[first line from the top with FI of 890.21], HSA + WGOOSEB (second line from the top with FI=817.50), HSA
+ WCRAN (third line, F1=717.39), HSA + WBLUEB (fourth line, F1I=709.75), HSA + WGOOSEB + QUE
(fifth line, F1=635.24), HSA + WCRAN + QUE (sixth line, FI=560.83), and IISA + WBLUEB + QUE (seventh
line, FI=518.96). Aa—Ad cross maps from the 3D-FL spectrum of HSA + WBLUEB, HSA + WBLUEB + QUE,
HSA + WGOOSLEB, and HSA + WGOOSEB + QULE. b Change in the fluorescence intensity as a result of
binding affinity of HSA with ethyl acetate extracts: HSA [first line from the top with F1 of 890.21], HSA +
EtOAcGOOSEB (second line, F1=834.70), HSA + EtOAcCRAN (third line, F1=821.65), HSA +
EtOAcBLUEB (fourth line, FI=811.70), HSA + EtOAcGOOSEB + QUE (fifih line, F1=724.76), HSA +
EtOACCRAN + QUE (sixth line, FI=713.41), and HSA + E{OAcBLUEB + QUE (seventh line, FI=618.96).
Ba—Bd cross maps from the 3D-FL spectrum of HSA + EtOAcBLUEB, HSA + EtOAcBLUEB + QUE, HSA +
EtOAcGOOSEB, and HSA + EtOAcGOOSEB + QUE. In all reactions, the following conditions were used:
HSA (2.0x% 1076 mol/L), quercetin (1.7 10°¢ mol/L), and water and EtOAc extracts in concentration of 25 and
50 pg/ml, respectively. Binding was during 1 h at 25 °C. Fluorescence intensities are on y-axis and emission
wavelengths are on x-axis. HS4 human serum albumin, QUE quercetin, EtOA4c ethyl acetate, WGOOSEB water
extracts of gooscberry, WCRAN water extracts of cranberry, WBLUEEB water extracts of blucberry,
EtOAcGOOSERB ethyl acetate extracts of gooseberry, EtOAcCRAN ethyl acetate extracts of cranberry,
EtOAcBLUER cthyl acetate extracts of blueberry
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Fluorometry Spectra Studies

The binding properties of the berry samples in camspn with the pure flavonoids such as
guercetin are shown in 3DFL spectra, which illustethe elliptical shape of the cross map. The
results showed that the 3DFL cross maps of bedifeered. One of the main peaks for HSA was
found ath ex/em of 220/360 nm. The second main peak appéardidese samples atex/em of
280/350 nm (Fig. 3a, b). The interaction of HSA #mel water and ethyl acetate extracts of berries
(Fig. 3—Aa, Ac, Ba, and Bc), HSA, water, and ethgktate extracts, and quercetin (Fig. 3—ADb, Ad,
Bb, and Bd) showed a slight change in the posiicihe main peak at the wavelength of 360 nm and
a decrease in fluorescence intensity (FI). Thefdlhg changes appeared when the water extracts of
berries were added to HSA (initially the main pasakmission 360 nm and FI of 890.21) (Figs. 3a, b
and 4a, b; the upper line is HSA).

The reaction with the berry extracts and queradgicreased the Fl of HSA (Fig. 3a, b; middle
and low lines). The following decrease in the F) @écurred during the interaction of water extracts
with HSA: HSA+WGOOSEB=8, HSA+WCRAN=19.4, and HSA+\MBEB= 20.3. The decrease in
the FI with ethyl acetate extracts was lower th&h water extract: HSA+EtOAcGOOSEB=6.0,
HSA+EtOACCRAN=7.7, and HSA+EtOACBLUEB=8.2. The digtether extracts did not show any
binding properties with HSA.

These results are in direct relationship with thgoxidant properties of the extracts. The
synergism of bioactive compounds is shown whenapiigr was added to the mixture of HSA and
extracts of berries. The decrease in the Fl of M8A WGOOSEB, WCRAN, and WBLUEB was
28.6, 37.0, and 41.7, respectively (fifth, sixthdaeventh lines (Fig. 3a)). Therefore, the panditton
of quercetin in synergism was 20.6, 17.6, and &r.¥VGOOSEB, WCRAN, and WBLUEB,
respectively. With ethyl acetate extracts, theip@gtion of quercetin was 13.9, 10.9, and 17.6 for
GOOSEB, CRAN, and BLUEB, respectively (Fig. 3b).

The concentrations of water extracts of berrighinteraction with HSA are 3.01971,
5.12232, and 5.23493x¥@UE for GOOSEB, CRAN, and BLUEB, respectively. Hthgetate
extracts showed lower concentrations at 2.5750929, and 3.16139x fdor GOOSEB, CRAN,
and BLUEB, respectively. Our very recent resulisvetd that the fluorescence is significantly
guenched because the conformation of the HSA clsangbe presence of pure flavonoids and berry
extracts.

This interaction between quercetin and HSA wasshgated using tryptophan fluorescence
guenching. Our result is in agreement with othleas tjuercetin, as an aglycon, is more hydrophobic
and demonstrates strong affinity toward HSA. Otlesults (Xiao et al. 2011; Xiao and Kai, 2012)
differ from those reported by us, probably becafdbe variety of antioxidant abilities of pure
flavonoids and different ranges of fluorometry suag ranges used in a similar study. The biological
relevance of quercetin interaction in human organgimportant from the point of view that this
molecule of polyphenolic type extensively bind$+t8A, the most abundant carrier protein in the
blood.

Ourin vitro results of interaction of HSA and quercetin carctpared with other reports in
vivo, showing the protective effects of quercetmhepatic injury induced by different chemical
reactions. Our results on BSA binding with othgrey of berry correspond with our present results
with HSA and investigated berries. Results on wakdracts of blueberries were similar to these
samples (Gorinstein et al., 2013; Flis et al., 208%ong binding properties have been confirmed fo
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the compounds containing high bioactivity.

The strong binding properties of phenolics show they may be effective in the prevention
of atherosclerosis under physiological conditidpsercetin can suppress HSA. These results
demonstrate that quercetin and other phenolic camgiecan effectively protect from atherosclerosis
under physiologically relevant conditions, provglimsight into the mechanism of action of bioactive
phenolics. Our explanation of the binding affinitfyberry polyphenols is similar to the descriptian
Xiao et al., (2011) and Xiao and Kai, (2012) tha¢ @r more hydroxyl groups in the B-ring of
flavonoids enhanced the binding affinities to predeMuch of the bioactivities of citrus flavanones
significantly appear to impact blood and microvdacendothelial cells (Cao et al., 2011)
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Fig. 11 a Fluorescence spectra of aqueous solutions of HSA (2.0% 10°® mol/L) in the presence of different
concentrations of quercetin: 0, 0.17, 0.30, 1.0, and 1.7x10"°) mol/L at pH 7.4 at excitation wavelength of
290 nm. b Linear plot for log (¥y—F)/F vs log [quercetin], where £y and F represent the fluorescence intensity of
HSA in the absence and i the presence of polyphenols, respectively
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Therefore, it was essential to investigate theramti@on between berry polyphenols and serum
albumin. The binding constants ranked in the folt@norder: quercetin>rutin>calycosin>calycosin-
7-0O-(sup)-D-glucoside (formononetin-7-O-(sup)D-gisitle (Liu et al., 2009). 3D fluorescence can
be used as an additional tool for the charactéoizatf the polyphenol extracts of berry cultivarsla
their binding properties.

D. Application of Analytical Methods for the Determination of Bioactive Compounds in Some
Berries

Bioactive Compounds

The results of the determination of the contenthefbioactive compounds in all studied
samples are summarized in Fig. 2a. As can be geesignificant highest content (P< 0.05) of
polyphenols, flavonoids, anthocyanins, and ascabid was in “Murtilla” non-ripe sample (84.81 +
3.9 mg GAE/g, 11.47 + 0.6 mg CE/g, 16.7 + 0.9 mgg0§5 and 9.12 + 0.4 mg/g, respectively, Fig. 2a
and b). Only the content of anthocyanins (Fig.\28% significantly higher (P < 0.05) in blueberries
from Poland (323.2 = 16.1 mg CGE/qg). The followorgler of the value of polyphenols was obtained
(Fig. 2a): “Murtilla” non-ripe (MNR) >Aronia (ARONY Polish blueberry (POLBB) > Chilean
blueberry (CHBB) > “Murtilla-like” non-ripe (M-LNR)> raspberry (RASB) > “Murtilla-like” ripe
(M-LR).

Antioxidant Activity

The results of the determination of the level df@ddant activity of all studied samples are
shown in the Fig. 2c. As can be seen, the AA oftMamon-ripe as determined by ABTS and
CUPRAC assays was 620.74 + 30 and 600.52 @231 TE/g, respectively) was significantly higher
than in other studied berries (P < 0.05). The aidant activity of blueberries was higher than tbiat
raspberries, and comparable with AA of “Murtilladm-ripe (Fig. 2c). As was calculated, a very good
correlation was found between the antioxidant &gtand the contents of total polyphenols and other
bioactive compounds fRrom 0.96 to 0.83) in water extracts. Flavonoidevedd lower correlation.
The correlation between the antioxidant activitd ascorbic acid (Fig. 1c and b) was lower than with
polyphenols (Rfrom 0.84 to 0.50).

Anticancer Activity

It was observed that the percentage of prolifeitstof the water extracts of berries samples
on two cell lines (Fig. 2d, Calu-6 for human pulrapncarcinoma and Fig. 2e, SNU601 for human
gastric carcinoma) were different. The proliferayi\{%) for concentrations of 1,5Q@/mL for water
extracts of “Murtilla” on Calu-6 and SNU-601 werg.46 and 42.12 %, respectively, and for
“Murtilla-like” were 73.43 % and 71.23 % on Calwafd SNU-601, showing the higher
antiproliferative activity of “Murtilla” in compasgon with all other samples. Our investigation shibwe
that antioxidant activity of the studied sampleswarrelated with their antiproliferative activity
directly: the highest antioxidant activity was ntabhg the highest antiproliferative activity.
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Fluorometric Data

Fluorometric data showed the characterization @fdtive compounds in different berries
with their specific fluorescence intensity and libeation of the main peak and its shift. In additio
the quenching ability of bioactive compounds irrasts was compared with pure catechin by the
interaction with BSA in the presence of urea. TH2 BL was used to determine the peak situation
and the picture of the full peak. The 2-D FL wasdifor the determination of the fluorescence
properties and for the change in the fluorescememsity.

In three-dimensional fluorescence spectra and combaps of berries one main peak can
easily be observed in water extracts at the logaifd em/ex 340/275 nm in “Murtilla-like” non-ripe
with fluorescence intensity (FI) of 680 and therage second peak at em/ex 430/310 nm with FI =
480; and one very small peak at em/ex 620/280 nimi80 (Fig. 3a). “Murtilla-like” ripe (Fig. 3b)
showed nearly the same two peaks at em/ex 330/280ith intensity of 507; and the second peak at

em/ex 420/310 nm with FI= 400; one very small paba&m/ex 620/280 nm with FI 60.
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Fig. 12 a Total polyphenols (Polvyphen, mg GAE/g) and flavonoids
(FLAVON, mg CE/g): b anthocyanins (ANTHOC, mg CGE/g) and
ascorbic acid (45C4, mg/g); ¢ antioxidant activities (UMTE/g) by
ABTS and CUPRAC in the following berries: “Murtilla-like™ non-ripe
(M-LNR), Chilean blueberry (CHBE), “Murtilla-like™ ripe (M-LR),
“Murtilla™ non-ripe (MNR ), raspberry (RASE), Aronia (ARON), Polish
blueberry (POLBB). Abbreviations: GAE gallic acid equivalent, CE

Extract concentration, pg/mi

catechin equivalent, CGE cyanidin-3-glucoside equivalent, 4BTS 2, 2-
azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diamonium salt,
CUPRAC cupric-reducing antioxidant capacity, TE trolox equivalent.
The survival of cells (%) of human cancer cells of the d Calu-6 and ¢
SNU-601 in the presence of water extracts of “Murtilla-like™ (Murtilla-
lik); Chilean blueberries (Chilblueb); “Murtilla”, Polish blueberries
(Polblueb). Each point represents the meantSD (n=6)
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The difference was only in a small shift in theeca§the ripe sample and higher fluorescence
intensity of “Murtilla” non-ripe sample. “Murtilla’hon-ripe (Fig. 3c) showed only one main peak at
em/ex 420/320 nm with FI=800; raspberry (Fig. 3)wged the following peaks: an average one at
em/ex 290/280 nm with FI=200, and a small one derr620/280 nm with FI=78. Chilean
blueberries (Fig. 3e) showed one peak @tlex 420/325 nm with FI=468, and a small ong& atn/ex
640/270 nm with FI=27. Aronia (Fig. 3f) showed dng peak ak. em/ex 420/310 nm with FI=580,
and Polish blueberries (Fig. 3g) two peaks: ondlsaha em/ex 380/275 nm with FI=11, and another
bigger one ai em/ex 400/330 nm.

There are not too many applications of 3D fluoreseespectra, therefore our present
conclusions that 3-D fluorescence can be used additional tool for the characterization of the
polyphenol extracts during different stages ofmipg and different berries cultivars corresponchwit
the previous data (Gorinstein et al. 2010). Theraxdtion between BSA, urea, catechin, and berry
extract is shown in Fig. 4 by the changing of feswence intensity and shift of the main peak. Two
different concentrations of urea were used: 2.4 BI7a’C during 1 h and the FI of BSA decreased
from 878 to 605 (Fig. 4a and c). Oppositely atM.8rea at the same conditions of time and
temperature the FI of BSA decreased till 97, nefadlydenaturation (Fig. 4e).

Partly the same binding was obtained with 2.4 Mawed addition of catechin (Fig. 4b) and
water extract of “Murtilla” non-ripe (Fig. 4c). ThHending of catechin was higher (Fig. 4d, Fl = 646)
than under the same conditions of the extract aitMa” non-ripe (Fig. 4f, FI=731.2). The main
peak has changed in the region @x/em of 225-230/335 nm.The decrease of the inteokthe
main peak of BSA with berry extract was about B6.ih comparison with catechin of 26.4 %. Other
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berry samples showed the decrease from 15 to &&d&crease in the fluorescence intensity is the
indicator of the quenching of berries extractsiteiaction with BSA.

Fourier Transform Infrared Spectra Studies

The FTIR spectra of BSA and catechin (Fig .5at fire from the top) were compared with
BSA and “Murtilla” non-ripe (Fig. 5a, second lin@in the top) and BSA (Fig. 5a, third line from the
top). The amide | and amide Il peaks of BSA (Fi, third line from the top) were shifted from 1,548
to 1,544 cnt and from 1,650 to 1,627 Chupon interaction with catechin (Fig. 5a, first limem the
top) and to 1,552 and 1,630 ¢mpon interaction with “Murtilla” non-ripe extracFig. 6a, second
line from the top). The FTIR wave numbers of cate¢kig. 5a, third line from the top) shows broad
phenolic OH band centered around 3,183 coharacteristic —CO stretching at 1,650 @momatic
bending and stretching around 1,040 and 1,656 e@H phenolic bending around 1,205 and 1,393
cm™.

The FTIR spectra of BSA (Fig. 5b, third line frohettop) were compared with BSA-urea
(Fig. 5b, third line from the top). The amide | aadide Il peaks of BSA (Fig. 5b, third line froneth
top) disappeared under denaturation with urea atidurea and addition of “Murtilla” non-ripe
extract (Fig. 5b, second line from the top). Themdlic OH corresponding to catechin appeared
around 3,400 crhfor thecatechin-BSA complex was at 3,188'ciatching between the peaks in
the range from 4,000 to 400 ¢rhetween (BSA + urea + “Murtilla” nonripe)/(BSA +aa) 0 99.8 %:
(BSA + catechin)/(BSA + “Murtilla” non-ripe) = 9830%; (BSA + catechin)/BSA =47.38%;and
(BSA + “Murtilla” non-ripe)/BSA=48%(Fig. 5a and b))
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Iig. 14 Two-dimensional fluorescence spectra illustrate the interaction
between BSA. catechin, urea, and water extracts of studied berries. a
change in the fluorescence intensity as a result of binding affinity:
0.0132 uM BSA [upper line with fluorescence intensity of 877.8];
0.0132 uM BSA +2.4 M urea during 1 h at 25 °C (middle line with F1=
605); 0.0132 uM BSA+2.4 M urea+30 puM catechin during 1 hat 37 °C
(lower line with FI=341); b 0.0132 pM BSA (upper line with FI of
877.8]; 0.0132 uM BSA+2.4 M urea during 1 h at 37 °C (middle line
with FI=600); 0.0132 pM BSA+2.4 M urea+50 pg/ml of water
extract of “Murtilla” non-ripe during | h at 37 °C (lower line with
FI=525); ¢ 0.0132 uM BSA (upper line with FI of 900), 0.0132 uM
BSA+24 M urea during 1 h at 25 °C (middle line with FI=605.3);
0.0132 uM BSA+2.4 M urea+50 pg/ml of water extract of “Murtilla™

Chemometrical Processing

1000

1000

non-ripe (lower line with F1=604.2) during 1 h at 25 °C; d 0.0132 uM
BSA (upper line with FI of 878), 0.0132 uM BSA+30 puM catechin
during 1 h at 25 °C (lower line with FI=646); e 0.0132 uM BSA+
4.8 M urea at 0 time (upper line with FI of 686.4), 0.0132 uM BSA+
4.8 M urea during 1 h at 25 °C (lower fine with FI of 97); £ 0.0132 uM
BSA (first line from the top with F1=878), 0.0132 uM BSA+50 pg/ml
of water extract of “Murtilla™ non-ripe at 0 h time (second line from the
top with FI=731.2), 0.0132 1M BSA+24 M urea+30 1M catechin
during 1 h at 25 °C (third line from the top with FI=600); .0132 pM
BSA+2.4 M urea+30 puM catechin during 1 h at 37 °C (fourth line
Jrom the top with F1=341). Fluorescence intensities are on y-axis and
emission wavelengths on x-axis (Wavel, Wavelength)

Chemometrical processing is an additional methahtowv the similarities and the differences
in the investigated berries based on their bioaatmmpounds. The comparison of the DPPH
antiradical activity gmol TE/g DW) of investigated berries is shown ie fig. 6a, where the highest
values were in Aronia and “Murtilla” non-ripe. Imder to exactly compare the quenching ability of
the examined berries, the half maximal inhibitocoypcentration (IG), which is the concentration of
the extract that inhibited DPPH free radical by?s0was calculated for a widely used scavenging
reaction time of 30 min shown in Fig. 6b. The lowe 1G, value, the higher the radical-scavenging

activity of the berries.

By comparing the I¢; value of the berries water extracts, we found tiathighest radical

scavenging effect was observed in “Murtilla” noperiand Aronia berries with gof about 6 mg ml

! The potency of radical scavenging effect of theseextracts was about ten times greater than in
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raspberry extract with the lowest antiradical dttivihe scavenging activity of the extracts in
decreasing order was: Aronia> “Murtilla” non-ripe'Murtilla-like” ripe > blueberry (Chile) >
“Murtilla-like” non-ripe > blueberry (Poland) and raspberry (Fig. 6b). After PCA, the
dimensionality of data was reduced from 15 measwa&dulated, and partially correlated original
variables to the new set of uncorrelated variablgsreipal components, from which first two

components accounted for 91.3 % of the total véityab
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These new variables highly correlate with the oagjeintiradical descriptors of absorbance
reading and inhibition at 60 min in the first piijpal component (PC1) and DPPH scavenging activity
(umol TE/g DW) at 60 and 90 min in the second PCt &lehese PCs (Fig. 6¢) shows not very strong
clustering tendency among all berry water extractording to scavenging ability data, but some
similarities between fruit groups are evident. @us of water extracts of Aronia and “Murtilla” non
ripe fruits, both with the relatively very high @atlical activity are well separated from “Murtilla
like” ripe and rest fruits as well as from raspiswith the lowest antioxidant activity.

A multiparametric approach of canonical discrimioatanalysis (CDA) was carried out in
order to evaluate the influence of all DPPH antoaldparameters in the classification and
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differentiation of examined water fruit extractsarding to their scavenging ability. Main severitfru
species were totally and correctly separated efevant clusters. CDA based on the selected
antiradical variables indicated that the first tsignificant canonical discriminant functions with
eigenvalues > 1, Wilk's lambda ~ 0, and Chi-squast significance P < 0.0B@xplained 98.9 % of
cumulative variance (first function 93.8 %).

Taking into account the coefficients of canonidabdminant functions (data not presented
here), the most significant contribution to disdnation in the first function was obtained from
absorbance readings and inhibition value in readtroe 30 min and in the second function
absorbance reading and inhibition in time 60 mime Stepwise discrimination found the
DPPHantiradical activity after 1 min of reactiomé as the most discriminant variables. Furthermore,
the classification matrix gave evidence that tliglistd water extracts were correct, with 100 %
success rate, classified to their fruit classesraleg to their DPPH scavenging ability.

Mass Spectra Data

The spectrum shows the main m/z peaks found indsefffig. 7a—d) in water fraction with
relative abundance (RA, %) from 20 to 100 %. Thénmpaak was about 192-193, which mostly
belongs to ferulic acid (Gémez-Romero et al. 20The RA of the obtained peaks showed the
difference in the amount of polyphenol compoundthese samples.

Discussion

It was of great interest to compare “Murtilla-like/ith “Murtilla” in order to find out if the
“Murtilla-like” bioactivity is on the same level as original “Murtilla”. Therefore, the contents tife
bioactive compounds and AA were determined and emetpwith the widely consumed blueberries,
red raspberries, and chokeberries. A number oévex articles showed that the main bioactive
compounds determining the nutritional quality ofrles are polyphenols, anthocyanins, and
flavonoids (Battino et al. 2009; Bowen-Forbes eall0; Cuevas-Rodriguez et al. 2010; Dai et al.
2009). As was declared in “Results”, the conteftsi@active compounds (polyphenols, flavonoids,
anthocyanins, and ascorbic acid) in water extraets determined and compared, and the significantly
highest were in water extract of non-ripe “Murtilla

Also the antioxidant activity according to ABTS aBJPRAC was significantly higher in
water extract of non-ripe “Murtilla”. Our resultseve in agreement with others, showing that water
extracts of blackberries contain high amounts tfieeyanins (Dai et al., 2009). The results show
promising perspectives for the exploitation of naditional tropical fruit species with considerabl
levels of nutrients and antioxidant capacity. Cattacadd valuable information to current knowledge
of the nutritional properties of tropical fruitsjch as the considerable antioxidant capacity fdand
acerola—Malpighiaemarginata and camu-camu—Myraiaiga (ABTS, DPPH, and FRAP) and for
puca-preto—Mouriripusa (all methods).

“Murtilla” in comparison with other 18 non-traditial tropical fruits from Brazil has an
average value of antioxidants (Rufiabal 2010). For dry matter the order observed wasufyac
carnauba > yellow mombin> java plum >umbu> cashgplea>mangaba> assai
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>murta>gurguri>puca-coroa-de-frade>uvaia>nancetjedloa>jussara>puca-preto>acerola>camu-
camu. When evaluated by the ABTS method, our fraitgied from 6.3 to 153nol TE/g FW and
from 16.4 to 1,237umol TE/g DW. FRAP values were 11.8-279 and 16.182,8nolFeSQy/g,
respectively. Our data are in agreement with theselts. The order of increasing antioxidant
capacity, measured by the ABTS method, was: umiglieww mombin< carnauba < cashew apple
<mangaba<assai<uvaia< java plum<gurguri<jaboticabeg&-coroa-de-frade<murta (Pefaira et

al. 2007).

Fig. 16 a Overlap bar chart
comparing the water extracts by
DPPH antiradical activity

(uM TE/g DW) of investigated
berries (4 Aronia, BP blueberry
Poland, MLR “Munilla-like™
ripe, R raspberry, MN
“Murtilla™ non-ripe, BC blue-
berry Chile, MLN *Murtilla-
like” non-ripe) according to re-
action time contribution at 1,
10, 30, 60, and 90 min. b ICs,
bar chart of DPPH-radical
scavenging activity in the water
extract of bernies. The lower the
ICsq values the higher antiradi-
cal activity. Data were per-
formed in triplicates (n=3) for a
reaction time of 30 min, and in
the range of extract concentra-
tion was from 3 to 30 mg ml™".
¢ Differentiation of the berry
water extracts by the principal
component analysis. Score plot
on the first two components of
the DPPH scavenging parame-
ters ([ Aronia (4), 2 bluebemry
Poland, 3 *"Murtilla-like™ ripe
(MLR), 4 raspberry (R}, 5
“Murtilla™ non-ripe (MN), 6
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Component 1

Vitamin C of “Murta” was 181 mg/100 g FW (6.98 mddyV) which is approximately equal
to our results (Fig. 2b). The anthocyanins weraiathd3 mg/100 g FW (5.52 mg/g DW) and this
number is lower than our results (Fig. 2b). Theypbenols in “Murtilla” were 20.55 mg GAE/g DW
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and this number is lower than our results (Fig. 2a)

The antioxidant activityy(mol TE/g DW) by ABTS was about 166. A positive anghificant
correlation was found in this study between vita@iextractable polyphenols and ABTS?(R0.70).
Polyphenols and DPPH results expressed as antitxidacentrations corresponding to 50 %
scavenging activity were negatively and signifitanbrrelated (R0 0.72; P<0.05); this is due to the
fact that the DPPH method yields inversely propoidi results. There was also a positive and
significant correlation of polyphenols (P < 0.08paABTS (R 0 0.92) assay (Rufino et al. 2010).
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Fig. 17 ESI-MS spectra of water fractions of the following berries: a, b, ¢, d “Murtilla-like” non-ripe, Chilean blueberry, “Murtilla” non-ripe, Polish
blueberry, respectively. in negative ion mode

These data are in agreement with our results. €uits correspond also with the research
approach of Wu et al. (2006), where concentratadrietal anthocyanins varied considerably from 0.7
to 1,480 mg/100 g FW in gooseberry (‘Careless’etgjiand chokeberry, respectively. Total phenolic
content and total anthocyanin content of four b&unts (strawberry, Saskatoon berry, raspberrg, an
wild blueberry), chokecherry, and seabuckthorn eainfgom 22.83 to 131.88 g/kg and 3.51 to 13.13
g/kg, respectively, which corresponds with our ssu

Our data can be comparable with another reportV@+Rodriguez et al., 2010), where the
proanthocyanidins (condensed tannins) were praséne blackberry fruits. The average anthocyanin
concentration was 49.2 mg/g in the commercial eatiTupy, while in the wild genotypes and the
breeding line, the range was 361.3 — 494.9 mg/anichn 3-O-glucoside equivalent). The
proanthocyanidin concentration varied widely amuailg genotypes (417.5-1,343.6 mg/g CE).

Comparison of different fractions of water extraectsn of wild blackberry A. chilensis (Mol)
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Stuntz (Elaeocarpaceae), corresponded with oultse®u et al. (2006) showed that in chokeberry
the amount of anthocyanins was 1,480 mg/100 g RAAbGBmg/g DW), for red raspberry 92.1
mg/100 g FW (6.48 mg/g DW). Also other authors regabsimilar results. So, Ruiz et al. (2010)
found the highest total polyphenol content in mafpliowed by calafate and “Murtilla”. Reported
high anthocyanin content in calafate berries bei1d.81+0.98umol g*) are comparable with those
indices found in maqui (17.88+1.15n0l g%).

The AA of “Murtilla-like”, blueberries and red raserries was comparable. Also other
reported different AA data in different cultivararliested in different seasons (Ruiz et al., 2010).
According to these authors the means of AA forfaetdéa maqui, and Murtilla were 74.4 + 15.9, 88.1
+21.5, and 11.7 = 2.8mol TE/g FW, respectively. Seeram (2010) discusdsal that phytonutrients
ranged from fat-soluble/lipophilic to water-solutigdrophilic compounds.

Conclusions in the report of Elberry et al. (20&) in line with our results about the high
antioxidant activity of berries. Our results aregtordance with You et al. (2011), where four
Rabbiteye blueberry cultivars (Powderblue, ClimEifhlue, and Woodward) grown organically and
conventionally were compared regarding their chahpcofiles and antioxidant capacity in terms of
total phenolic content, total anthocyanin contant] antioxidant values by ABTS, DPPH, FRAP, and
CUPRAC. Total phenolics, flavonoids, and anthocgarfimg/g FW) were in blueberry 261-585, 50,
and 25-495 and in raspberry 121, 6, and 99; aaf@oxiactivity (umolTrolox/g FW) for blueberry 14
by ABTS and 25.3 by DPPH assays (Li et al., 20IB result from this study indicated that
blueberries had very high ORAC values, and high&oxidant capacity than other selected fruits and
vegetables (Wulf et al., 2005).

The comparison of the results of different solvént®abai fruit parts (methanol, ethanol,
ethyl acetate, acetone, and water) and total plesnodtal flavonoids, total anthocyanins, and
antioxidant capacity (ABTSand FRAP assays) were in accordance with our &dag( et al., 2012).
The acetone extract had maximum phenol and fladbomntent and showed best DPPH free radical
scavenging activity and reducing capacity assessiaényl acetate extract showed best superoxide
radical scavenging activity, while aqueous extslittwed best hydroxyl radical scavenging activity
(Chanda and Kaneria, 2012).

Il. KIWI FRUITS

Bioactive compounds and the antioxidant capacity imew kiwi fruit cultivars
Results and discussion

Polyphenols, flavonoids, flavanols and tannins

The combination of determination of bioactive commpds as total phenols, total flavonoids,
total flavanols and tannins, determined spectrdasatip, and with antioxidant assays, fluorescence
and mass spectra can be used in comparison amgnnging analysis of new kiwi fruit cultivars.
These methods can be used for rapid distinguigtfitige cultivars.

The results of the determination of the contenthie$e bioactive compounds in all seven
studied kiwi fruits cultivars are shown in the Taldl. As can be seen, the contents of polyphenols in
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ethanol and water extracts were significantly highan in acetone and hexane extracts (P in adiscas
< 0.05). The contents of flavonoids in ethanol @twere significantly higher in ‘Haenam’ and
‘Bidan’, in water extracts — in ‘SKK12' and ‘Hwamgin acetone and hexane extracts — in ‘Bidan’ (P
in all cases <0.05). The contents of flavanolstiaeol and water extracts were significantly higiner
‘Haenam’, and ‘Bidan’, in acetone and hexane etdradn ‘Haenam’ (P in all cases < 0.05). The
contents of tannins in ethanol extracts were siganiitly higher in ‘SKK12', in water and acetone
extracts — in ‘Bidan’, and in hexane extracts -SiKK12' (P in all cases < 0.05).

As can be seen, the contents of the bioactive camg®extracted by different solvents differ
significantly: the content of the main bioactivewqgmound — polyphenols was significantly higher in
‘SKK12’, ‘Hwamei’ and ‘Bidan’ (P < 0.05).

Antioxidant capacity

The results of the determination of the level df@adant capacity of seven studied kiwi fruit
cultivars are shown in the Table 2. As can be s@jraccording to all assays the significantly leigth
level of AC in all extracts was in ‘SKK12’, followg by ‘Hwamei’ and ‘Bidan’ (P < 0.05). ABTS
and CUPRAC are two electron transfer assays amdftite the obtained results are similar. As can be
seen, according to all four used assays, the &gnify highest level of antioxidant capacity was
registered in ‘Bidan’, ‘'SKK12' and ‘Hwamei’ cultiva (P < 0.05). As was shown above, these
cultivars have also the highest content of polypheamong studied cultivars (Table 1).

Fluorometric data

The 3D-FL of kiwi fruit cultivars ethanol extraatiffer by the wavelengths of the peaks and
their fluorescence intensity (FI), and could bessified according to the fluorescence results teeth
groups ‘Hayward'(including ‘Daheung’, ‘Haenam’, Hmai’ and ‘SKK12'), ‘Bidan’ and ‘Hort 16A’.
The following common peaks appeared in three groafdsex/em of 290/220, 400/230 and 600/ 210
nm. ‘Hort 16A’ showed one big peak at 400/300 nrhiclr was not found in any of cultivars.
‘Hwamei’, which is similar to ‘Hayward’ showed opeak at 300/280, characteristic only for this
cultivar. AtA ex/em of 700/400 nm the biggest prominent peakiw&3idan’ cultivar, decreasing for
‘Hayward’, ‘Hwamei’ and’ Hort 16A’ (Fig. 1C, B, Drad A, respectively).

The binding properties of the kiwi fruit samplescomparison with the pure flavonoids such
as catechin are shown in two-dimensional fluoreseeapectra (2D-FL). One of the main peaks for
HSA was found at ex/em of 220/357nm (Fig. 1E). The interaction &Adand the ethanol extracts
of kiwi fruit cultivars (Fig. 1E) showed slight chge in the position of the main peak at the
wavelength of 357 nm and the decrease in the fheergce intensity (FI). The following changes
appeared when the ethanol extracts of kiwi fruiteredded to HSA (initially the main peak at
emission 357 nm and FI of 961.00 (Fig. 1E, the ufipe is HSA). The reaction with the kiwi fruit
extracts and catechin decreased the Fl of HSA (Egthe lowest line).

The following decrease in the FI (%) occurred dgtine interaction of ethanol extracts with
HSA: HSA + ‘Hayward’ = 3.86; HSA + ‘Haenam’ = 6.7HISA + 'Hort 16A’ = 7.63; HSA + ‘Bidan’
=10.18; HSA + 'Bidan’ = 12.03; HSA + 'Hwamei’ = 1#; HSA + 'SKK 12'=11.65;



52

HSA+catechin=15.41. The water extracts showeddhelts of the decrease (%) of HSA intensity
(Fig. 1F): HSA + ‘Hayward’ = 2.03; HSA+'Hort 16A’ 20.79; HSA + ‘Bidan’ = 15.47; HSA +
catechin = 15.89; HSA + 'Hwamei’ = 18.76; HSA + 'BKL.2'=21.24.

These data were slightly higher than with ethamtlaets and such strong binding properties
of water extracts are proportional to their amaafriolyphenols (Table 1). These results were in
direct relationship with the antioxidant capacitidshe extracts (Table 2). The synergism of bivact
compounds is shown when to the mixture of HSA atithets of kiwi fruit catechin was added.

Our very recent results showed that the fluoreseensignificantly quenched, because of the
conformation of proteins, phenolic acids and flasids (Namiesnilet al, 2013; Cao et al, 2011).
This interaction was investigated using tryptopflaarescence quenching. Our result is in agreement
with others that quercetin, as an aglycon, is nhgrrophobic and demonstrates strong affinity
toward HSA. Other results (Xiao et al., 2011) difimm the reported by us, probably because of the
variety of antioxidant abilities of pure flavonoidad different ranges of fluorometry scanning range
used in a similar study.

The strong binding properties of phenolic show thay may be effective in prevention of
atherosclerosis under physiological conditions.@etim can suppress HSA. Much of the bioactivities
of citrus flavanones significantly appear to implctod and micro vascular endothelial cells,
therefore it was essential to investigate the auiion between kiwi fruit polyphenols and serum
albumin. The binding constants ranked in the follmnorder quercetin>rutin>calycosin> calycosin-
7-O-(sup)-D-glucoside (formononetin-7-O-(sup)-D-gpgide (Liuet al, 2010). 3-D fluorescence can
be used as an additional tool for the charactéoizatf the polyphenol extracts of kiwi fruit cultvs
and their binding properties.

MS spectra

The ESI-MS in negative ion mode of studied extratightly differ between cultivars. As it
was shown previously the cultivars were classifiedording to fluorometric measurements to three
groups: ‘Hayward’ (including ‘Daheung’, ‘Haenam'wdmei’ and ‘SKK12"), ‘Bidan’ and ‘Hort
16A'. There were done all the spectra analysespblytthese groups are presented in Fig. 2 and
Table 3. In all cultivars the main peak was at &90.97 (100%) corresponded to quinic acid (Table
3, Fig. 2), but small peaks differ from one grougtwther (Table 3).

‘Hwamei’ slightly differ in methanol extracts frothe other four cultivars which belong to
the ‘Hayward’ group (Table 3, Fig. 2B). MeOH/wa&}/50 showed as well differences in these 3
groups (Table 3, Figs. 2B, F, J). ‘Bidan’ contairzsb the main peak with m/z 191(100%) with
average peaks different from the first group sieB@B.95 and 366.91 (Table 3). MeOH/water/formic
acid/50%/49%/1% extracts were different and coetidifferent peaks mostly in ‘Hayward’ and
‘Bidan’ groups of m/z 370.97 and 225.02, respetyiy&able 3, Figs. G, K).

Acetone fractions of the groups showed one maak pé m/z 191 with a number of small
peaks with different masses (Table 3, Figs. 20, ,HR). As can be seen all kiwi fruit ethanol extsac
characterised by chlorogenic acid of the (M-H) prdéonated molecule (m/z 353) and the ion
corresponding to the deprotonated quinic acid @8/k), which was consistent with Sun, Liang, Bin,
Li, and Duan (2007). The recorded spectra werhersame scale (in the range between 100 and 600
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m/z) for comparison.

We choose negative mode for the MS method becausamy publications was described
that this mode is the best for analysis of low-roolar phenolic compounds (Gomez-Rometal,
2011; Suret al, 2007). The main peaks were identified and ticended

Table 11
Bioactive compounds of seven kiwi fruit cultivars in ethanol (Et), water (W), acetone {Ac) and hexane (He) extracts. 123
POL (mg GAE/g) FLAVON (mg CE/g) FLAV (ug CEfg) TAN (mg CE/g)

HaywardEt 448 +0.44° 122+012° 37.84 3,67 284 +0.26°
Daheung Et 4.18+0.40" 099+0.11° 5.82 +0.56° 163 +0.16*
HaenamEt 6.82 +0.55" 425+041° 42,96 +0.45° 285 +0.21°
BidanEr 1145+ 1,12° 432+038° 1580+ 1.51° 248 +0.23"
Hort1 BAEE 1023+ 1.07¢ 1.23 4+ 0.09° 31.88+3.21¢ 2.88 +0.28°
SKK12Et 14.48 + 1.46¢ 2394021 10,53 + 1.07" 3.01 £0.28°
HwameiEt 13.11+1.299 223:021" 946 +0.98" 281 +027
HaywardW 5.30+ 0.45° 057 +0.12° 16.35 + 1.65" 117 0.14*
Daheungw 5.50+ 0.54° 0.55 + D.06* 7.90+0.78° 157 £0.14"
HaenamW 7.69 + 069" 0.70+ 009" B8.87 +0.88° 117 £0.11°
BidanW 13.97+1.32¢ 1.00+0.11" 3992 + 3.83¢ 304 +033¢
Hort1 6AW 11.08 +1.14° 1374013° 850+0.81° 237 +224°
SKK12W 1634+ 1.11° 1.75+ 007" 19,68 +1.94° 1.60 +0.03"
HwameiWw 1423 +1.39¢ 1.62+011¢ 14,47 +1.44°0 250 +0.15¢
HaywardAc 1.15+ 0,05 0.61+007" 1891+ 187 142 +0.18°
DaheungAc 0.84 +0,07* 0.48 + 0.06° 298+027° 0.82 +0.09*
HaenamAc 1.82+0.04° 2114024 21434232 143 +0,16°
BidanAc 3394033 217+022° 7.84+0.78° 125+0.13"
Hort16AAC 274+021° 0.62 +0.08" 1591 +1.58¢ 144 £0.15°
SKK12Ac 5.11+0.52¢ 1.212023¢ 5.24+0.51" 1.51 £0.16°
HwameiAc 4,85 + 0.48° 1.124012° 471+ 047" 145 +0.14°
HaywardHe 0.49 + 0,03 0.424007° 12,63 +1.32¢ 095 +0.9"

DaheungHe 0.31 +0.04° 032+003" 197+0.19° 055 £1.2°

HaenamHe 1.15+0.13" 1.43 £ 0,16° 14.31+1.34° 095 +0.7"

BidanHe 2.07 +0.25° 1.45+0,14° 5.26+0.52° 0.83 +0.6"

Hort1 6AHe 1.67+0.14™ 0.41+004° 10.63+1,13¢ 096 +0.5"

SKK12He 34240339 0.81+008" 349+0,32" 1.03 +0.09"
HwameiHe 3.04 +0.33¢ 0.75+ 007" 3.14+0.31" 097 +0.09"

POL, polyphenols; FLAVON, flavonoids; FLAV, flavanols; TAN, tannins; CE, catechin equivalent; GAE, gallic acid equivalent; HaywardEt, DaheungEt, HaenamEt, HwameiEt,
Hort16AEt, SKK12Et and BidanEt, kiwi fruit cultivars extracted with 100% ethanol; HaywardW, DaheungW, HaenamW, HwameiW, Hort1 6AW, SKK12W and BidanW, kiwi
fruit cultivars extracted with water; HaywardAc, DaheungAc, HaenamAc, HwameiAc, Hort1 6AAc, SKK12Ac and BidanAs, kiwi fruit cultivars extracted with acetone; Hay-
wardHe, DaheungHe, H He, Hw: iHe, Hort16He, SKK12He and BidanHe, kiwi fruit cultivars extracted with hexane.

' Values are means +5D of 5 measurements,

? Values in columns for every bioactive compound with the same solvent bearing different superscript letters are significantly different (P < 0.05).

* Per g dry weight,

Table (12
The annioxidant capacities of seven kiwi fruit cultivars (umolTE/g DW) in ethanol®, water®, acetone®, and hexane” extracts.'*”
Haywam Daneung Haenam Bidan Hort 16A SKK12 Hwamei

ABTS" 1821 + 165" 17,42 + 165 2243 +218* 3425+ 3.23¢ 31.15+3.11° 37.18 + 365 33.25+3.31"
ABTS' 2041 £2.11° 22.40+223 26.18 +2.43" 30,16+ 3.87° 34.12+3.41" 4214+ 432" 39.35 4+ 3.87°
ABTS' 4.82 + 045" 4.05 +0.42° 5.42 +052° 1241+ 124 11.12+£1.11% 1415+ 1.43" 13,16 +1.31"
ABTS” 161 +0.15° 142 +0.14° 1.83 +0.18 4323+0.41° 411 +041" 4.83 +0.48" 4.52 045"
CUPRAC" 20.18 + 2,04 19.44 + 187 24,12 £232°" 3542+ 3,23 32.14+2.16" 38154387 34,18 +3.21™
CUPRAC? 21.14+211* 23,40+ 187 27.41 £2,12° 40,18 +3,23¢ 35.61 +2,76° 43274+323¢ 40.91 +3.45¢
CUPRACT 4.01 £+032¢ 494+ 027" 6.12 + D.54%" 13,13+ 1.21° 12.43 +0.85" 152541324 14,21 134
CuUPRACY 151 +013° 138+011° 1.73 £ 0.14" 411+0.41™ 3.85 +0.34" 4.63 + 043¢ 4.414+027™
FRAP 6.12 + 0.56° 5.42 + 0,54 10.21 1,01 18.44 + 1.76¢ 11.25+1,12" 2115+ 1.71° 20.14 +1,08°
FRAP? 7.12 + 0.65° 7.88 + 0.67* 11,33 + 1.08% 21324 1,78 13.12+1.31% 24554218 23,11 +2,11°
FRAP" 158 +0.15" 1,15+ 0,09° 2.43 + 018" 4754028 3.81+032" 5.36 + 0.43° 5.05 + 0.41°
FRAPY 0.53 +0.04 0.48 + 0,03 0.81 +0.07%¢ 1.65+ 0.00° 1.31+0.12° 1.98+0.11¢ 1.79+0.14¢
DPPH* 6.95 + 0.54" 5.80 + 0.45" 7.65 + 0.45 14,41+ 1,34 11.18£1,13" 17.23+ 1434 15.42 4+ 1,28°
DPPH? 6.08 + 0.56* 6.90 + 0.43* 9.14 + 0.41%0 1715+ 1.54¢ 13.24 41,430 18,42+ 167¢ 17.85 41,87
DPPH" 175+ 017" 1.41+012° 2.18 0,15 4,154+0.32¢ 3.18+0.23" 4.87+028¢ 4374032
DPPH” 0.65 + 0.07* 0.52 + 0,05 0.74 + 0.08™ 1.48+0.12° 1.21+0.09" 2.03+0,04Y 1.74 4 0.06°

"Walues are means + 5D of 5 measurements; *Values in columns for kiwi fruits with the same solvent bearing different superscript letters are significantly different (P< 0.05);
*per g dry weight. Cupric reducing antioxidant capacity (CUPRAC), 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) Ferric-red ucing/antioxidant power (FRAP).
AB Extracted at room temperature in concentration of 25 mg lyophilized sample in 1 mL ethanol, 1 mL water, respectively.
© Extracted at room temperature in concentration of 40 mg lyophilized sample in 1 ml acetone.
Hexane,
Values are means + SD of 5 measurements,
Values in rows with different superscript letters are significantly different (P<0.05).
Per g dry weight.

MS spectra can be used asa fingerprint for chaitsaten of different kiwi fruit cultivars,
based on the percentage of the main peaks. Theamostlant is chlorogenic acid. This is in
agreement with Mittelstadt et al., (2013), who shdwhat one of the novel aspects of kiwi fruithis t
presence of a high level of quinicacid which cdnités to the flavour of the fruit. Quinic acid
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metabolism intersects with the shikimate pathwayictvis responsible for the de novo biosynthesis
of primary and secondary aromatic metabolites. /@sults are in accordance with Clifford (2000),
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Fig. 18 Contour maps of three dimensional fluorescence (3D-FL) spectra of ethanol extracts of A B, C, D, ‘Hort16A’ ‘Hayward'; ‘Bidan’, D, and 'Hwamef'. 2D-FL spectrum
illustrate the interaction between humam serum albumin (HSA), catechin, ethanol (E) and water (insert F) extracts of kiwi fruit cultivars. The change in the fluorescence
intensity as a result of binding affinity with kiwi fruit extracts: E HSA [first line from the top with fluorescence intensity (F1) of 961.00]; HSA + ‘Hayward' (second line from the
top with F1=923,94), HSA+ ‘Haenam’ (third line, FI » 896.54), HSA + ‘Hort16A’ (fourth line, FI = 887.66), HSA + ‘Bidan’ (fifth line, FI = 863.18), HSA + ‘Hwamei' (sixth line,
Fl= 845.40), HSA +'SKK12' {seventh line, FI = 816.41), HSA + catechin (eighth line, FI = 812.90). Insert F, HSA [first line from the top with fluorescence intensity (FI) of 967.64];
HSA+ 'Hayward' {second line from the top with FI = 948.00), HSA +'Hort16A’ (third line, F = 863.23), HSA + ‘Bidan’ (fourth line, F1=817.90), HSA + catechin (fifth line,
Fi=813.85), HSA + 'Hwamei' (sixth line, FI = 786.39), HSA + 'SKK12' (seventh line, FI = 762.12). In all reactions were used the following conditions: HSA (2.0 x 10 ® mol/L);
catechin (1.7 x 10 ® mol/L); ethanol extracts in concentration of 50 pg/mL The binding was during 1 h at 25 °C. Fluorescence intensities are on y-axis and emission
wavelengths — on x-axis,

Fiorentino et al. (2009) and Sarbu et al. (2012eme fingerprinting of kiwi fruit was
suggested.Palafox-Carlesal (2012) showed the interactions of four major miiercompounds
(chlorogenic, gallic, protocatechuic and vanill@d found in ‘Ataulfo’ mango pulp. Significant
synergism was found in the majority of the all camations, as well as the combination of the four
phenolics. Cultivars of fruits and vegetables egewn in the same geographic and climatic
conditions could different significantly and thered, it must be taken into consideration (Koh et al
2009; Toledo et al., 2008).

Manolopoulou and Papadopoulou (1998), describeld differences in kiwi fruit cultivars.
However, in their study were investigated mainlspieatory and physicochemical changes of four
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kiwi fruit cultivars during cool-storage. Manolodou and Papadopoulou (1998) investigated only
four cultivars: Allison, Bruno, Hayward and Montgiivested at the proper stage of maturity. They
investigated respiration rates, production of aethgl shelf-life. Among bioactive compounds only
ascorbic acid content was measured. No changegioxaant activity were described. Therefore, it
was decided to study seven well known kiwi fruiltiars, determine and compare contents of main
bioactive compounds and the level of the antioxidapacity in order to find the best for human
consumption. It must be underlined once againttieste fruits were at the same stage of ripening and
grown in the same geographic and climatic condstidinerefore, no doubt, the determined data must
be reliable.
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Fig. 1¢ ESI-MS spectra in negative ion mode of kiwi fruit cultivar groups extracts. A, B, C, D, EtOH, MeOH /water, MeOH/water/acid, acetone of ‘Hort 16A"; E, F, G, H, EtOH,
MeOH water, MeOH |water/acid, acetone of ‘Hayward’; 1, ], K, L, EtOH, MeOH/water, MeOH/water/acid, acetone of ‘Bidan’; M, N, O, P, EtOH, MeOH/water, MeOH jwater/acid,
acetone of ‘Hwamei'.

The results of present investigation show thakiall fruit cultivars contain high quantities of
bioactive compounds. Also our previous data (Pagt.e2008) and of others (Amodio et al., 2007;
Jeong et al., 2007; Tavarini et al., 2008) aregire@ment with our present results. However, the
results are different for different cultivars (CGadb et al., 1992; Du et al., 2009; Samadi-Maybodi,
&Shariat, 2003). So, the contents of the main livacompound — polyphenols was significantly
higher in ‘'SKK12', ‘Bidan’ and ‘Hwamei’ (P < 0.05).he obtained results depend on the year of
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collection and the extraction procedure, theretanerecent published results differ from the
presently reported (Park et al., 2011). Also tlgaigicant highest level of antioxidant capacity and
binding abilities were registered in the same eatt: ‘'SKK12', ‘Bidan’ and ‘Hwamei’ (P < 0.05).

Il MEDICINAL PLANTS

Chemical Composition, Antioxidant and Anticancer Efects of the Seeds and Leaves of Indigo
(Polygonum tinctoriumaAit.) Plant

Results
Bioactive Compounds

The results were summarized in the Table 1. Asieaseen, the significantly highest content
of polyphenols and flavonoids was in prolipid andtune leaves, flavanols— in seeds, and tannins—
in prolipid, immature, and mature leaves (P<0.08llicases).

Mass Spectra

Gallic acid (Fig. 1a) and quercetin (Fig. 1b) wesed as standards. The spectrum shows the
main m/z peaks found in seeds (Fig. 2a) in methtaotion: at 106, relative abundance (RA)=58 %;
benzoic acid at 120 has RA=100 %; and methyl \ateilat 180 has RA=18 %, at 214 RA=40 %. The
peaks in seeds were not found in immature leavidgeatame location (Fig. 2b): at 104, RA=20 %; in
comparison with the one at 106, RA was higher &etas in leaves; instead of peak at 120, the peak
appeared at 134 (RA=75) pthydroxybenzoic acid; at 192 (RA=100 %) of scopialedt 356
(RA=40 %) and at 365 (RA=18 %). The same fractmmhature leaves showed the following peaks
(Fig. 2c¢): one of the main peaks was located atf@éBg-hydroxybenzoic acid with RA=95 %,
slightly higher than for immature ones; at 192 (RA8 %) of scopoletin, than the other ones at 355
(RA=100 %), 365 (RA=40 %), and 611 (RA=20 %).

Table 13 Bioactive compounds in methanol extracts of the studied samples per dry weight (DW)

Sample Polyphenols mg GAE Flavonoids mg CE Flavanols ng CE Tannins mg CE
Seeds 5.14+0.3 a 3.842+0.2 a 1,568.95£79.1 b 1.14+£0.05 a
Immature leaves 11.55+£0.5b 5.175+£02 a 432444 ¢ 2.56+0.1 b
Mature leaves 14.224+0.7 ¢ 6.079+0.3b 213+2.1d 2.95+0.2b
Prolipid 16.64+0.7 ¢ 6.566+0.3 b 1,109.65+54.2 a 3.18£03 b

Values are means + SD of five measurements. Values in columns for every bioactive compound with the same
solvent bearing different letters are significantly different (P<0.05).

CE catechin equivalent, GAFE gallic acid equivalent
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The spectrum shows the main m/z peaks found insgé&g. 2a) in ethyl acetate fraction: at
174 (RA=20 %) for coniferaldehyde, at 188 (RA=10)) & 312 (RA=45 %), at 330 (RA=65 %), and
at 340 (RA=40 %). Only two peaks were in immat@aves (Fig. 3b) with slightly different
abundance such as at 314 with RA of 50 % and atWB#0RA of 75 %. Other peaks were for p-
hydroxybenzoic acid at 138 (RA=20 %); vanillic aeid166 (RA=100 %); at 266 (RA=40 %) for
apigenin; at 294 (RA=100 %) for catechin, at 3260MRA=70 % and 619 with RA of 15 %.

The peaks appeared for mature leaves in the sact#oft were the following (Fig. 2c): at
134 (RA=55 %) for p-hydroxybenzoic acid, the saraakpwas in immature leaves with slight shift.
Another peaks appeared at 165 (RA=100 %) for varéltid for both leaves; at 192 (RA=50 %) for
scopoletin only in immature leaves; at 215 (RA=50 & 286 (RA=50 %); at 294 (RA=85 %)
forcatechin for both leaves; and at 330 (RA=60 #g at 618 (RA= 50 %) which were shown in both
leaves. The obtained results showed the samedocatithe peaks in both leave samples, only with
higher amounts of the compounds showing differelative abundances.

The Antioxidant Activity

The results of the determination of the antioxidativity in the studied samples are
summarized in the Table 2. As can be seen, acaptdiABTS test, the significantly higher
antioxidant activity was in mature leaves, accaydm CUPRAC—in prolipid and mature leaves, and
according to FRAP—in prolipid, mature, and immati@&ves (P<0.05 in all cases).

Fluorimetry

3D-FL (Fig. 4A, B) spectra illustrated the ellicshape of the contour maps (Aa, Ba) and
cross maps (Fig. 4Ab, Bb) of the main peaks forgadanethanol and ethyl acetate extracts of mature
leaves. The main peaks for methanol extracts apgedk ex/em of 260/310 with fluorescence
intensity (FI) of 889.58 and another oné.&x/ em of 260/360 nm with Fl of 776.07 (Fig. 4/&3,
Ab). The ethyl acetate fraction had slightly difiet peaks: at ex/em of 260/320 with FI of 169.59
and ath ex/em of 260/360 nm with FI of 165.94 (Fig. 4Ba,Bb). One of the main peaks for 2x°10
M/L BSA was found ak ex/em of 225-230/335 nm with FI of 877.60 (Fig, 4Rper curve).

The interaction of BSA and ethyl acetate extradhdigo mature leaves (Fig. 4E, middle
curve, with FI=715.61) and BSA and indigo (Fig. 4&yer curve, with FI=650.81) showed the peak
of 335 nm and decrease in the fluorescence inte(idit. These results are in correspondence with
the amount of polyphenols, antioxidant activitydanS bioactivity data that the methanol extract is
more bioactive than the ethyl acetate.

The decrease in fluorescence intensity of BSA vasil8.5 % for the ethyl acetate fraction
and 25.8 % for methanol fraction, showing highegmgehing activity of methanol extracts of
polyphenols. The interaction between methanol &gl acetate polyphenol extracts of indigo and
BSA showed that indigo has a strong ability as rostiedied medicinal plants to quench the intrinsic
fluorescence of BSA by forming complexes.
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FTIR Spectra

The FTIR spectra of methanol extract of prolipidg(FBA, upper curve) was compared with
ethyl acetate extract of indigo mature leaves (b).middle curve) and with methanol extract of
indigo mature leaves (Fig. 5C, lower curve). Naldg, the presence of wavelengths of FTIR spectra
of gallic acid at 860, 1,025, 1,100, and 1,654 ctannic acid at 1,172, 1,511, and 1,627, and p-
coumaric acid at 1,124, 1,171, 1,508, and 1,638were observed in samples analyzed.

The wavelength of FTIR spectra corresponding farilila was 1,498, 1,534, 1,617, 1,654,
and 3,392 crﬁ(Kannan et al., 2011; Nirmaladevi et al., 2010)e Tillain bands presenting in the
samples are the following: the band of 1,029'¢rC-O alcohols) is exactly found in ethyl acetate
extract of mature leaves (Fig. 5, line b) with aa#irshift at 1,017 criffor the dry substance (Fig. 5,
line a) and for methanol extract of 1,033 t(Rig. 5, line c).

The band of 1,280 c¢im(-OH aromatic) appeared in slightly different ltoa of 1,201 crif.
Other peaks appeared at 1,319-1,397.cFhe peak of 1,422 ci(—C-O alcohols) appeared only in
prolipid. The peak of 1618 ¢h(COC aromatic and COC alkenes) appeared in alahgples with a
shift at 1,650 and 1,597 ¢hfior carbonyl substituents. The broad band of 3,20825 and 2,917 ¢
belong to glycosidic groups O-H. FTIR of quercetia standard showed broad phenolic OH band
centered around 3,404 Entharacteristic -CO stretching at 1,663 canomatic bending and
stretching around 1,091 and 1,663crand -OH phenolic bending around 1,197 and 1,&7h(¢<im
et al., 2012). FTIR spectra of water extracts ofuraindigo leaves (Kim et al., 2012) showed a peak
characteristic -CO stretching at 1,634 caromatic bending and the peaks at 2,925 and 21882are
related to the C—H bond of saturated carbons, wdmiehdifferent from our results of methanol and
ethyl acetate extracts.

Matching between the peaks in the range from 4{6@MO0 cm L of (prolipid methanol
extract)/(indigo ethyl acetate extract)065.08 %olfpid methanol extract) /(indigo methanol extact
076.52 %, and (indigo ethyl acetate extract)/(indigethanol extract)069.41 % (Fig. 5). Matching
between the peaks of the water extracts of indigture leaves and the same substances in the same
range of the peaks in prolipid was slightly higbéabout 78.38 % (Kim et al., 2012; Lanslay &
Newman, 2007).



61

T: - p ESIQ1MS [100.070-500.000]
. 187.58

Realive Aburdance

51125 oo oe

541.21 57117 E2s21 1.3

-

Realive Abundance

3a81.40

300 350 a00 430 500 550 600 850
m'z
T: p ESIQ1MS [100.070500 .000]
165.10
28376
8
]
E
g 134.16
3 . 32067
g 191.88 339.61
.- 21500 28564 | 31357
618.05
355.50
38348
217.88 =770 385.38 47520
138.15 23593 g3 393.37 531.05
- - i 42536 45728
24382 AT e s6102
| 635.08
i il N S S B S S S S S e B B B B B I B B B B S I B B B m e B e
150 200 250 300 350 400 450 500 550 600 50
mz

Fig. 22 ESI-MS spectra of ethyl acetate fractions of seeds (a), immature leaves (b), and mature leaves (c) of
indigo plant in negative ion mode



62

Anticancer Activity

It was observed that the percentage of prolifeitstof the methanol and ethyl acetate
extracts of mature leaves and prolipid samplesvancell lines (Fig. 6a, Calu-6 for human pulmonary
carcinoma and Fig. 6b, SNU-601 for human gastnicisama) was different. The proliferativity (in
percent) for concentrations of 800/mL for methanol and ethyl acetate extracts ofipibon Calu-6
were 75.49 and 79.24 %, respectively, and on SNw&fe 77.42 and 80.45 %, showing the highest
antiproliferative activity in comparisonwith matuesave sample for Calu-6 (76.12 and 80.22 %) and
SNU-601 (79.43 and 82.26 %). Our investigation shivat antioxidant activity of the studied
samples was highly correlated with their antipestittive activity.

Table 14 Antioxidant activities (in micromole Trolox equivalents) in methanol extracts of the studied samples
per dry weight (DW)

Sample ABTS CUPRAC FRAP

Seeds 68.326+34 b 2927+13 a 1221406 a
Immature leaves 134.4384+6.6 ¢ 30.62+1.4 a 19.79+09 b
Mature leaves 185.464+9.1 d 59.46+2.8 b 2091+1.1b
Prolipid 206.24+20.2a 64.65+3.1 b 22.68+1.2b

Values are means + SD of five measurements. Values in columns for every bioactive compound with the same
solvent bearing different letters are significantly different (P<0.05).

ABTS 2,2-Azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diammonium salt, CUPRAC cupric reducing
antioxidant capacity, FRAP femric-reducing/antioxidant power
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Fig. 23 4 three-dimensional fluorescence (3D-FL) spectrum of methanol extract (0.001 mg/mL) of indigo
mature leaves, Aa elliptical shapes of the contours of methanol extracts of indigo mature leaves, B 3D-FL
spectrum of ethyl acetate extract (0.001 mg/mL) of indigo mature leaves, Ba elliptical shapes of the contour
map of ethyl acetate extracts of indigo mature leaves, C 2D-FL of methanol extract of indigo mature leaves, D
2D-FL of ethyl acetate extract of indigo mature leaves, 4b cross maps of methanol extracts of indigo mature
leaves, Bb cross maps of ethyl acetate extracts of indigo mature leaves, £ change in the fluorescence intensity
(ID) as a result of binding affinity of: 2.0x 10~ mol/L of BSA (upper line); BSA and 40 pg/mL of indigo
leave methanol extract (middle line); BSA and 40 pg/mL of indigo leave ethyl acetate extract (lower line); the
3D-FL were run emission mode and fluorescence intensity up to 1,000, emission wavelengths from 260 to
750 nm and excitation wavelengths from 250 to 500 nm; scanning speed was 1,000 nm/min, For 4a, Ba, C, D,
Ab, Bb, and E, emission wavelength on x-axis and fluorescence intensity on y-axis for C, D and E; for 4a, Ba,
Ab and Bb, excitation wavelength on y-axis
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Discussion

The obtained results of our research can be coedh@dgth the recently performed
experiments in order to find the scientific basisthe health properties of this plant (Ho and @han
2002), where the antinociceptive, anti-inflammat@iyd antipyretic effects of indigo plant root
methanolic extract were evaluated. The indigo plaat extracts significantly and dose-dependently
inhibited the writhing responses of mice and desgdahe licking time in both the early and late
phases of the formalin test. However, as was stitedesearch on the content of bioactive
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compounds and the antioxidant and anticancer deswf indigo was limited. Therefore, some other
plants were reviewed in order to compare the obthrmesults. So, Dall'Acqua et al. (Dall'’Acqua et al
2008; Ahmad et al., 2012) evaluaiad/itro antioxidant properties of some traditional meditin
plants: investigation of the high antioxidant capecf Rubus ulmifoliusised in Sardinia as tea
beverages or as decoction for medicinal purposes.

Among the various species, Rmifoliusresulted as the more bioactive with all the used
methods. Phytochemical investigation revealed s¢ydrenolic compounds as caffeic acid, ferulic
acid, quercetin, kaempferol-3-Oglucuronide, kaemgfd-O-(6"-p-coumaroylB-D-glucopyranoside,
kaempferol-3-O(6"-caffeoyl-D-glucopyranoside, and many others which are goatance with
our MS data, which are responsible for the antiawigproperties. Our results can be compared with
Generalic et al. (Generalic et al., 2011), who isttidhe phenolic profile and antioxidant propertés
Dalmatian sage.

The results strongly indicate that Dalmatian sageés are rich source of valuable phenolics,
mainly phenolic acids, with extremely good anti@titl properties. The presence of resveratrol or its
derivates was confirmed in all extracts. The awgtiound that the best results for total phenols and
flavonoids, as well as the best antioxidant pragenvere obtained for May sage.

Our results can be compared with the phytochensimaiposition and antioxidant activity of
wild medicinal plants, based on chemical, biochafiand electrochemical methods. Soylmaria
was found to be the richest in antioxidant phytoeicals, such as phenolics (228 mg GAE/g DW)
and flavonoids (62 mg CE/g DW). The antioxidantwaist was found to vary in the order: F.
ulmaria>S. nigra>C. multiflorus, irrespective oétanalysis method (Borros et al., 2011). Seven
compounds related to flavonoids and a mixture af ¢affeic acid esters were isolated from L.
erythrorhizonSiebet. Zucc. and identified by spestopic methods with good radical scavenging
activities toward ABTS but showed moderate inhdsitof DPPH (Han et al., 2008) .

The presented MS data (Figs. 1, 2, and 3) weredardance with others (Selvius and
Armitage, 2011), where for direct identificationtbe organic dye compounds quercetin, indigotin,
and alizarin in reference materials, in solutionpube of direct analysis in real time ionizatiomlan
high-resolution time-of-flight mass spectrometrysvane. These data are in accordance with
Mantzouriset al. (Mantzouris et al., 2011) that the treatmentheystandard HCI dyestuff extraction
method revealed different flavonoids and phendlids where some of them are listed: apigenin,
ellagic acid, fisetin, indigotin, indirubin, kaengobl, naringenin, quercetin, and others. Our result
exactly in accordance with others (Manhita et2011), where the composition of the natural dyes
was determined after different extraction proceslure

The efficiency of eight different procedures usedthe extraction of natural dyes was
evaluated using contemporary wool samples dyed eaitthineal, madder, woad, weld, brazilwood,
and logwood. Comparison was made based on the LD-pg8k areas of the natural dye's main
components which had been extracted from the waraptes. Among the tested methods, an
extraction procedure with MBDTA in water/DMF (1:1, v/v) proved to be the masitable for the
extraction of the studied dyes, which presentedda wange of chemical structures (Manhita et al.,
2011).

The present results can be compared with our rexerd (Kim et al., 2012), where the water
extract of indigo plant was analyzed. In water &stirthe polyphenols and flavonoids were
significantly higher in prolipid, flavanols—in inglo seeds. Our results are in accordance with Falov



67

et al. (Fialova et al., 2009), where in leaves of Isatisoria L. the following indices were
determined: total polyphenols (3.03 %), tannin®%2s), and total flavonoids (expressed as
isoquercitrin 0.3 %). The phenolic compounds shohigtier radical scavenging activity that vitamin
C (Nadour et al., 2012). The antioxidant activitgaatthe highest in prolipid, followed by indigo
mature leaves.

Exactly the same relationship was obtained in rmethand ethyl acetate extracts, but the
highest value was in methanol fraction (Kim et2012). The composition of the indigo plant
depends on the extraction procedure. Results dittidy of five plants, of which four are endemic to
Turkish flora (Tepe et al., 2006) showed that tlaats were screened for their possible in vitro
antioxidant activities by two complementary testteyns (DPPH anficarotene/linoleic acid). In the
first case, Pelargonium endlicherianum extracttexiegreater antioxidant activity with anggvalue

of 7.43+0.47ug/mL, followed by Hieraciumcappadocicum of 30.0.240ug/mL.

When compared to the synthetic antioxidant BHT §t8.40ug/mL), the methanolic extract
of P. endlicherianunexhibited more than twofold greater antioxidaréy. In the -
carotene/linoleic acid test system, the most agtigat wasP. endlicherianunwith 72.6 %+2.96
inhibition rate, followed byH. cappadocicung55.1 %+2.33) and Verbascumwiedemannianum (52.5
% + 3.11). The results of antioxidant activitiesradigo plant (Table 2) are in agreement with the
above-cited data. A strong correlation between TEAIes and those obtained from CUPRAC assay
implied that antioxidants in these plants were bbpaf scavenging free radicals and reducing
oxidants. A high correlation between antioxidargamities and their total phenolic contents indidate
that phenolic compounds were a major contributarioxidant activity of these plants.

Our results on cytotoxicity are in accordance withers (Costa et al., 2005; Itharat et al.,
2004; Sandoval et al., 2002). The antioxidant &gtif maca Lepidium meyenjiwas assessed by the
inhibition of peroxynitrite. Maca (mg/mL) protect@®AW 264.7 cells against peroxynitriteinduced
apoptosis and increased ATP production in celiéatwith HO, (1 mM). The concentration of
catechins in maca was lower than in green teav&.%45 mg/g). Maca has the capacity to scavenge
free radicals and protect cells against oxidatiuess.

Our results can be compared with the recent wotkiroét al. (2009). The extract of indigo
naturalis (QD) and its main components indirubmgljgo, and tryptanthrin in human neutrophils were
investigated for their anti-inflammatory effectdD@howed the significant inhibition of superoxide
anion, attenuated the formyl-Imethionyl-l-leucypthenylalanine (FMLP)-induced phosphorylation of
extracellular regulated kinase; QD inhibited caicimobilization caused by FMLP. On the other
hand, neither indirubin, indigo, nor tryptanthrimoguced similar changes in human neutrophils.

The plant extracts were tested for cytotoxicitythe brine shrimp lethality assay, sea urchin
eggs assay, hemolysis assay, and MTT assay, wsimgg tell lines (Costa et al., 2005). The extract
of Oroxylum indicunrshowed the highest toxicity on all tumor cell Brtested, with an IC50 of 19.6
ug/mL for CEM, 14.2ug/mL for HL-60, 17.2ug/mL for B-16 and 32.g/mL for HCT-8. On the sea
urchin eggs, it inhibited the progression of cglile since the first cleavage (IC50=13d/mL). As
was recently shown by Heo et al., (2007) that tbeslin medicinal plants, which were used for a long
time as traditional seasoned salads, possess rasgicactivity.

Our studies on cytotoxicity are in correspondenith iwaki and Kurimoto (2002), where it
was shown that tryptanthrin and indirubin, both poomds originating from indican in the leaves of
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P.tinctorium, are responsible for many of the biological atiteg of this plant. Tryptanthrin has a
potent anti-inflammatory activity and shows growthibitory activity against cancer cell lings

vitro. The effect of this substance on azoxymethaneeedintestinal tumorigenesis in rats with
carcinogenesis in the intestines is closely assatiaith inflammation. Tryptanthrin inhibited the
incidence of intestinal tumors. Indirubin has besported to possess an anti-leukemic activity and P
tinctoriumalso contains various anti-oxidative substanagsh as gallic acid and caffeic acid, with
potential anti-tumor activity.

We consider it likely that Rinctoriumshows cancer preventive activity as a consequaince
the integral effects of these substances. Ourteears in accordance with others (Xie et al., 2012)
where diploid leaf extracts @ynostemma pentaphylludiakino, which is used in tea and food, had
strongest inhibition on inflammation and HT-29 [ifierlation, but these extracts had different order o
antiproliferative properties in the LNCaP cellseTihteraction between water polyphenol extracts of
indigo mature leaves and BSA showed that indigoahstsong ability, as other medicinal plants, to
guench the intrinsic fluorescence of BSA by formamnplexes (Kim et al., 2012). Better ability is
shown by methanol extract. The application of IRcpscopy and fluorescence in herbal analysis is
still limited when compared to other areas. Theasentative IR spectra from the mid-IR region
(4,000-800 cr) for ethyl acetate and methanolic extracts wesenpked. The three extracts in the
region of polyphenols showed slight variation imtie.than the standards.

Bioinformatics

According to the developmental biology and embrggldictionary, bioinformatics have
been define agjomputational biology; the application of the poveéicomputational biology to
solutions of complex biological data analysis; thélding and manipulation of biological databases;
the application of information technology, statistiand mathematics to biological problems
involving large volumes of data with complex inedstionships; it provides the foundation for much
modern biomedicine and biotechnold@yank, 2012)

Because they are building around developing so&wadrich are useful for biological
knowledge, One might think of bioinformatics asom@ept of ‘using computer to solve biological and
biomedical question’, like searching biologicalatzdses, compare sequences and find out protein
structure. They are method for storing, retrievimgianizing and analyzing biological data.

Benefit of using Bioinformatics

When compare bioinformatics with traditional waygerforming biological experiments, as
in vivo andin vitro. The Bioinformatics application is much faster amore effective in many ways.

One might look back on sequence analysis, at otteeabld method callegattern matching
the sequences were assembled, analyzed and conlyyaneiing them manually on pieces of paper,
then taping them side by side on a board or aiwddiboratory. Before computer and bioinformatics
were available, no one would have guess that angamenanually put the algorithms into memory
banks for analysis on molecular sequences as ldigitabers.

Searching up to date high quality databases i®bite strong point, and there are much more
tools that bioinformatics can provide. It let agisving protein sequences, simulating protein 3-D
structure, compare sequence, making multiple pr@efjuence alignment, and even helps us
transferring knowledge from model plants to non-giqdants.
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One might compare the usage of bioinformatics tergire lab with some expensive
equipments and knowledgeable staffs, who can wask éffective and tirelessly. Of cause, like how
effective it is, bioinformatics are also a coseefive method. Some tools that available onlineneve
cost us nothing to use.

Computational perspective
Algorithm

Since “No human being can write fast enough, nglenough, or small enough” (Boolos and
George, 1974, Jeffrey and Richard, 1999), evenéf@an carry out a simple calculation. It is
impossible to do it effective enough on complexagiun, because on some equations, they might
need more than a million operations to reach ttmiclusions. It takes times need on progress to
reach the definite answer.

That is why computer for calculation is needed. Tdwearcher has role of his own, a better
way to solve a problem, by “finding a set of rulleat precisely defines a sequence of operations”,
which was called Algorithm.

Efficiency

While calculating might done by hand, to measuw kffective algorithm is. Counting the
operations (addition, multiplication, comparisott)e¢hat had been performed is done, because it is
factor of the time computer would use for running.

To sum it up, measuring how effective algorithnddgme by time, so the common way to
evaluate the efficiency of method is by considetimgnumber of operations required. The example is
as follows.

If an algorithm requires 18 operations on an input of lengththen one knows how many
operations will be needed for any input, and host feer second the computer can perform, one can
calculate the running time on the machine easily.

O notation

If the algorithm requires 1+15n+5 operations on amlong input. It means that asgrows
larger. The main factor which determines voluméroé the algorithm requires will be onrf0
Since the contribution of the lower-order termsA% will become tiny compare to & And the
constant 10 of 1fis not much important, when it comes to the ratgrofvth on the number of
operations.

By example above, the effectiveness of algorithoushbe focus on the main tread, so if
algorithm that takes 18+15n+5 operations require ‘@)” time (oh ofn squared), or is “an @?)
algorithm”. This means that the algorithm’s runntimge increases quadratically with the input
length.

NP-completeness

The scientists use computer in the development @ipiimal algorithm for a specific
problem, mainly polynomial algorithm. Several perbk have said algorithm, so making the
exponent ¢ in @°) as small as possible will developed. Anyhow, polyial algorithm is still on
proving mathematically.
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A dozen of problems have been identified but @ieynot recognized as polynomial. Only
exponential algorithms are recently developed fymars of research. Until now, they were unable to
mathematically prove the existence of polynomigbathm. However, every problems will have the
polynomial algorithm if one of thousands problesigiioved to have said algorithm.

Those problems were known [d®-completeWhen the problem is indicated as NP-
Complete, it means that the problem is highly inatgle to have an algorithm that can solve it
precisely for all possible input in polynomial time

Difficult problems

Once the problem is identified as NP-completis, known that no algorithm can be used for
every problem’s instance in a specific polynomiale. Approximation algorithms are the possible
way to provides almost optimal solutions.

Another solution iprobabilistic algorithmsas the problem can be solved in polynomial
average time, which its run time can be exponemtitle worst-caseHeuristicsis the fast algorithms
but it is not guaranteed to have an optimal satutiecause it is developed and evaluated on the basi
of their performance on problems in the real liféhaut proven guarantee of their quality.

Finally, exhaustive algorithraan be developed to try every possible solutidh time-
saving feature from computational shortcuts bubexmtial time is required for this method. Thus, it
is only useful for moderate size of inputs (PavelRon, 2011).

Application
Protein sequences

Proteins are molecules that assembled from appedgign100-500 amino acids. Amino acids
themselves are molecules consist of carbon, hydrage/gen, nitrogen and sulfur atoms. The table
of 20 codes below has been designed by Internatidgmian of Pure and Applied Chemistry
committee (IUPAC).

Many methods had to be created to analyze molesatfrences in the form of texts when
computational biologists began to input the data ihe memory banks. After that, bioinformatics
started as the protein sequences analysis apphdadis been programmed on the computer.

Reading protein sequence

In proteins, their amino-acid molecules might hthedr own unique characteristic, but all of
them have an identical pair of hooks like NH2 ar@d@H. Between the successive residues in the
protein sequence, theeptidic bondsvere formed by atoms.

In 1958, Drs. Kendrew and Perutz determined tfs¢ firotein structure by using X-ray
crystallography technique (1962 Nobel Prize) amy flound that protein has distinctive shapes,
which encoded in amino acids sequence.

From their speculation, if the protein has simdaquences, they would have the same shapes.
Likewise, the same sequence of amino acids wouddmthe same sequence of protein. Its shape
would dictate the protein’s function as the belavkdge that was logically established as:



SEQUENCE => STRUCTURE => FUNCTION

After specialized area calletrisctural bioinformaticswas developed. It is easier to generate
computer 3D image, which is helpful for the navigatbetween sequences and 3D display.
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The Genetic Code: Analyzing Protein sequences by B\Sequences

Genetic code, the relationship between the codbnessenger RNA and the amino acids of
the corresponding protein, is easy to sequencie@tiA directly when compared to determining the
protein sequence. However biologist can read praeguence directly in the DNA sequence because
not every protein in a given organism can be s\gitledl is encoded in the DNA sequence of its

genome.

To find the correspondent between 4-nuclectidgisiece of A, T, G and C and a set of 20
amino acids, one can translate DNA sequence togoa$ protein sequence with Universal Genetic

Code provided below.

Table 15: Universal Genetic Code

T C A G
TTT Phe (F) TCT Ser (S) | TAT Tyr (Y) TGT Cys (C)
T | TTC Phe (F) TCC Ser (S) | TAC Tyr (Y) TGC Cys (C)
TTA Leu (L) TCA Ser (S) | TAA Stop TGA Stop
TTG Leu (L) TCG Ser (S) | TAG Stop TGG Trp (W)
CTT Leu (L) CCT Pro (P) | CAT His (H) CGT Arg (R)
C | CTC Leu (L) CCC Pro (P) | CAC His (H) CGC Arg (R)
CTA Leu (L) CCAPro(P) | CAAGIn(Q) CGA Arg (R)
CTG Leu (L) CCG Pro (P) | CAG GIn (Q) CGG Arg (R)
ATT lle (1) ACT Thr (T) | ATT Asn (N) AGT Ser (S)
A | ATC lle () ACC Thr (T) | AAC Asn (N) AGC Ser (S)
ATA lle (1) ACA Thr (T) | AAA Kys (K) AGA Arg (R)
ATG Met (M) ACG Thr (T) | AAG Lys (K) AGG Arg (R)
GTT Val (V) GCT Ala (A) | GAT Asp (D) GGT Gly (G)
G | GTC Val (V) GCC Ala (A) | GAC Asp (D) GGC Gly (G)
GTA Val (V) GCA Ala (A) | GAAGIu (E) GGA Gly (G)
GTG Val (V) GCG Ala (A) | GAG Glu (E) GGG Gly (G)

To use the table above, reading the sequence fisgartang point in DNA sequence for 3
nucleotides at a time. After that, read Universah&ic Code table for the triplet (codon3 which

correspond to the amino acid.

Example of how DNA decoded:

1. Read the DNA sequence:
GACGAGTGCNNNGACGAG

2. Decompose it into successive triplets:
GAC GAG TGC NNN GAC GAG

3. Translate each triplet into the correspondingharacid:

DECXDE




72

Example above is the basic knowledge of how biginfdics change sequence from protein
to DNA sequence. By just knowing where our protading region starts in a DNA sequence. It is
not hard for bioinformatics tools to imitate caticagenerate the corresponding amino acid sequence.

There are many online tools which can translatéelr, DNA or RNA sequence (ex: from
ExPAsy server), and some can even translate irtine@) so user can read any sequence as virtual of
other sequences.

Bioinformatics tools on DNA/RNA
There is much more bioinformatics tools, which oaa in DNA/RNA purpose such as:

- Retrieving DNA sequences from databases

- Computing nucleotide compositions

- Identifying restriction sites

- Designing polymerase chain-reaction (PCR) primers

- Identifying open reading frames (ORFs)

- Predicting elements of DNA/RNA secondary structure

- Finding repeats in sequences

- Computing the optimal alignment between two or nidNA sequences

- Finding polymorphic sites in genes (single nuck®olymorphisms, SNPs)
- Assembling sequence fragments

Bioinformatics: Genome

Since Genome is “the complete DNA sequence of ganism”, the sequence which are
being deal with are much longer compare to PrddNA#/RNA sequence, almost in length of million-
bp (base pairs) for microbes and several billioddygrganism.

Bioinformatics have to deal with physical mappiggnetic mapping, sequence of entire
genomes, and have to design tools and databasesable to store, query, analyze, and display
them in most user friendly interface.

Most genome bioinformatics tools tend to conceatoat mining individual genes for
information, since biologists often use it for sfiegenes that they were interested in. Those
bioinformatics tools include:

- Basic sequence-alignment programs

- Phylogenetic/classification methods

- Display tools which adapted to relatively smalliseace objects (example: in thousand
characters length)

When compare with “gene by gene” approach fromyesd, today it is not strange to obtain
new DNA sequences without knowledge what was befgeesult. Since sequencing now have
developed better method, the genes can be botleseiqg and discover at the same times.

Protein Data Bank

Some bioinformatics tools can be used in helpingrédict the potential effect of a mutation,
for example: help choosing the right protein fragitrte make antibodies. But those usefulness are far
less useful, since they fall short of being the tieiag, the detailed spatial representation ofenale.
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The good point for biologists is, there is pleatynformation about experimental 3D
structure available online. Since there are mangldek like Genbank, EMBL (European Molecular
Biology Laboratory), DDJ (DNA Databank of Japamjddor 3D structure from structural biologist
is: the Protein Data Bank (PDB).

Figure 26: Example of feature from Protein Data Bank Website
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Bioinformatics tools

Those previous subjects were some use of bioirgtiesitools, but it might not even cover all
the basic. There are so many tools for many pugp@s@mple: PCR primers, Analyzing DNA
composition, Counting words in DNA sequences, Figdnternal repeats in sequence, Finding
Protein Coding Regions, ORFing the DNA sequenag]iRg internal exons in vertebrate genomic
sequences, Predicting the main physico-chemicglgpties of a protein, Extinction coefficients,
Digesting a protein in a computer, etc.

Even so, when compare to other subjects in scifielce Bioinformatics are quite small, new,
haven’t got much information, and lack a develofiegakes sometimes to learn specific
bioinformatics tools, and since they require thefgssion in various fields. It even takes more tifne
one wants to develop them, but the results shaailddathwhile. If one can applies many different
bioinformatics tools together, and use them onnmesgarch.
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The Development of Bioinformatics and Goal

Only biologist and chemist might be sufficed to afiéioinformatics tools around the world,
but for the future, the development. It is quitaltdmging for bioinformatics when they need
profession in multiple disciplines to work togeth@nd even when finally gathering them, since
computer engineer, mathematician, biologist, eteschot seem to talk in same language when it
come to their difference in profession. They hardigerstand what was other disciplines were doing,
and conversely.

All around goal of bioinformatics include:

- The development of computer programs in field ofauolar biology, to increase the
understanding, obtain information more effectivesiglve complicate problem, and make
tools that is easy to access and manage.

- To develop new or find more effective algorithmdatata management, for example like
comparative between sequence data for locate the ganes that they share, or to predict
sequence/protein structure and function.

The example of bioinformatics develop include dataing, learning algorithms for machine,
pattern recognition, and visualization. Other magsearch include sequence alignment, protein
structure alignment/structure prediction, predittixd gene expression and protein—protein
interactions, drug design/discovery, genome assergbhe finding, genome association studies, and
the modeling of evolution.

Case studies
Bioinformatic Analysis for Anticancer Effects of Flovonoids in Vegetables and Fruits

The risk of cancers can be circumvented by trekenof fruits and vegetables. Their
chemopreventive characteristic is concerned withiqaihemicals like flavonoids. With the usage of
several bioinformatics computer programs, the modé&s mechanisms of action and properties can
be examined by their chemical structures.

The PASS (Prediction of Activity Spectra for Sulostas) software has been used as the tool
for bioinformatics for the prediction of over 30Bgymacological activities and biochemical
mechanism on the basis of structural formula aftesgance. It can also identify the new targetrid fi
mechanisms in some ligands.

The PASS software also used to evaluate anticgmoperties in the three groups of
flavonoids which consist of IsoflavonaBi¢chanin A, Glyciteijy Flavonols Kaempferol, Morin,
Quercetin and Flavonel(uteolin). From the evaluation, every agents showed higkeRr Tyrosin
Kinase Inhibitory effects>0.6). The further study suggested that Isoflavdttesderivation of 3-
phenylchromen-4-one or 3-phenyl-1,4-benzopyronejveld higher PTK Inhibitory effects when
compared with Flavonols and Flavone which implieat Biochanin Awith Pass activity of 0.758 is
the most potent agent. However, the lower PTK it effects in the Flavonols and Flavone, Drug
likeness score are higher than Isoflavones.

Pa and Pi values can be applied on PASS prediaidhe measures of the activity and
inactivity of compounds in which Pa is the probiiles to become active (close to 1.000) and Hies t
probabilities to become inactive (close to 0.000).
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Table 168 PASS prediction of flavonoids

Molecules Pa Pi Drug likeness
1 | Biochanin A 0.758 0.003 0.887
2 | Glycitein 0.716 0.003 0.889
3 | Kaempferol 0.608 0.006 0.962
4 | Luteolin 0.635 0.005 0.959
5 | Morin 0.608 0.006 0.965
6 | Quercetin 0.607 0.006 0.937

Drug likeness can also be estimated by the PAS%aa@f.(W.P. Walters et al., 1998) Drug
likeness is the definite score came from the estomaf molecular structure followed by the
indication of the particular molecule that haveldgically active proportional properties or
therapeutic potential. From the result, all of éigents have drug likeness more than 0.8, thus, they
can be used as drug. Among these agents, Mol is1bst efficient drug because of its highest drug
likeness score of 0.965.

An integrated bioinformatics approach to improve two-color microarray quality-control

For the measurements of gene expression in the-frale, Omics technology is involved
and constantly improving which specify the necgssitan extensive analyses in bioinformatics for
array quality assessment before and after anafgiathway and clustering of gene expression. The
impact of quality control and normalization stepstiee biological conclusions were tested in the
research that emphasized on the effect of polygdhémahe red wine on rat colon mucosa. The
adapted normalization has solved various artifesties found in the pathway analysis, clustering and
data visualization integration. In the analysisniroarray data, point to point standard analysis
procedure that is based on a usage of data viatializand clustering has been applied.

Then, the analysis of clustering highlighted abi@ genes exhibiting dissimilar patterns in
3 rats out of 10 after the completion of a standeralysis. According to the analysis, while Fischer
344 rats (inbred) genetically very much resembéagh others, the short-term dietary intervention
without pharmacological or chemical treatment antiia variability of inter-individual cannot be
assigned due to their difference expression profilde functional analysis on these data by
GenMapp/MAPPFinder has revealed the oxidative staesl cell adhesion are related to the up
regulation of pathways which were contrasted withpirevious studies performed in the lab that
expressed a potential antoxidant effect of polyplietreatments on rat colon mucosa (Giovannelli
L. et al., 2000; Dolara P. et al., 2005)

The analytical approaches to the biological expeninin this document had showed the
guality control and improvement in the general vilorsk which consists of different process that
begins from flagged features removal, backgrouruiraation and a global normalization.

Hierarchical clusterization is the next step thauglizes the experimental groups’ expression
profiles which indicate the appearance of biologitifierences among groups (rats). If the biologica
results are not in contrast with these differenttessjdentification of technical artifacts presebge
microarray data visualization will be executed. Timee possibilities presented are (1) No possible
further analysis because the complete array qualitad; (2) The quality of the array is bad but
improvement is possible; (3) The quality of theagins satisfactory and the further functional asely
can be done.

In another case, new local normalization is thesiixs step in the workflow and functional
analysis will be made after the quality of the wm@aches an acceptable level followed by the oé-pl
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of the genes involved in modulated pathway badkéomicroarray’s original matrix which can reveal
or exclude any “local effects”.

The proposed workflow contributes to the integmatid the observation on an extensive
physical data, pathway analysis, clustering andcdéell normalization procedures. All of these are
considered as the improvement of microarray aralysi

Whole-genome sequencing to Control antimicrobial reistance

One of the latest improvements in sequencing t&olies like whole-genome sequencing
(WGS) has become a crucial tool that deals wittapprithreat in modern healthcare namely
antibiotic resistance.

WGS has been widely applied in many activitiesudetg antibiotic steward ship of currently
available drugs from the surveillance and elucatabf the factors related with the emergence and
persistence of resistance. The improvement of navigbiotics and diagnostics test is also the rietab
contribution of WGS.

With the help of various proof-of-principle reselaes, WGS has become the valuable tool for
day-to-day infection control and diagnostic toobtiect antibiotic resistance in some pathogens.
However, routine WGS cannot be introduced on alaale until the appropriate data analysis
platforms are properly developed.
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CONCLUSIONS

1. The bioactivity of blueberries is significantly higr than the bioactivity of other studied
samples; however, this index in the gooseberriesrigparable with blueberries and
cranberries. The bioactivity of Chilean “Murtill&erries is significantly higher than the
bioactivity of other studied samples; however, thex in the “Murtilla-like” berries is
comparable with blueberries and raspberries. Thipraliferative properties of the
investigated samples are in correlation with thi#goaitant activity. There are many reports
on the antioxidant properties of berries; howetlere is little information about the binding
properties of blueberries and cranberries and gninformation about gooseberries. The
gooseberry, in comparison with cranberries anddatrées, showed a lower amount of
bioactive compounds. Therefore, some of the methedd in this work such as fluorescence
were done for the first time. The binding propexti the samples are in correlation with the
antioxidant activity. 3-D fluorescence and FTIR&pascopy was used as an additional tool
for the characterization of the polyphenol extrakigng different stages of ripening and in
different berries cultivars. It is a necessity fabvering new plant breeding and genetic
studies of berries with the expression of compodadbuman health. The advanced
analytical methods such as 3D-FL and FTIR speadmsased in this study can be applied
for any of the food analysis.

2. Seven relatively new kiwi cultivars were dividedtiwee groups mostly based on
fluorometric measurements and supported by MS-sp€eEbhe contents of bioactive
compounds, antioxidant activity and binding projesrare significantly higher in SKK12’,
‘Bidan’ and ‘Hwamei’ cultivars. The SKK12’, ‘Bidarand ‘Hwamei’ and to less degree other
four studied cultivars could be a valuable additmknown disease preventing diets.

3. It was found that polyphenols, flavonoids, and dlaels were significantly higher in prolipid,
following by indigo mature leaves, immature leav@s] seeds. The ability of indigo to
guench the intrinsic fluorescence of BSA, relagiMeilgh content of polyphenols compounds
and anticancer properties can be used as a newsesoluantioxidants.

4. Some of the active compounds may have synergrggcactions with other compounds as
was shown when quercetin was added to the reaotibi®A. This work demonstrated
relatively high antioxidant and binding propertashe investigated berries, fruits and
medicinal plants in different extracts, especiallyvater extracts, which can be widely used
as tea drink. The possibility of benefits of tlmmsumption of these plants for everyday
human health and pharmaceutical use can be sudgeste
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ABSTRACT

The objective of this study was to evaluate théaidant and binding effects of some less studied
berries (gooseberryfysalis peruviang in comparison with blueberryéccinium corymbosum

and cranberryMaccinium macrocarpgnMurtilla-like” (Myrteola nummularigPoiret) Berg.)) seven
kiwi fruit cultivars, seeds and leaves of indigtoygonum tinctorium Ait.plant in the model of
interaction with human serum albumin (HSA). Thatienship between the scavenging properties of
dietary polyphenols of the investigated plantsirtaetioxidant, anticancer effects and their affes

for HSA were investigated by Fourier transform améd, radical scavenging assays, three-
dimensional fluorescence spectroscopy, and elgragsonization-MS in negative mode. In order to
perform the extraction and identification of theiexidants present in the samples, different typies
extraction solvents were used, such as water, melthethyl acetate, and diethyl ether. Polyphenols,
tannins, anthocyanins, ascorbic acid were studyespbctroscopic methods. Total antioxidant
capacities (TACs) were determined by ABTS, FRAR; djphenyl-1-picrylhydrazyl radical
scavenging assay (DPPH), Cupric reducing antiotidapacity (CUPRAC), anglcarotene linoleate
assay [§-carotene). It was found that the contents of thadiive compounds and the level of
antioxidant capacities in different extracts diféggnificantly (P < 0.05). The total phenolic camite
was the highest (P<0.05) in water extract of bluebg (46.6+4.2 mg GAE/g DW). The highest
antioxidant activities by DPPH and CUPRAC were atev extracts of blueberries, showing
108.1+7.2 and 131.1+9;8MITE/g DW with correlation coefficients of 0.9918chf.9925, and bf-
carotene at 80.1+6.6 % with correlation coefficien0.9909, respectively. Gooseberry water extracts
contained: polyphenols (mg GAE/g DW)—5.37 + 0.6ynims (mg CE/g DW)—0.71 £ 0.2,
anthocyanins (mg CGE/g DW)—12.0 + 1.2, ascorbid &eig AA/g DW)— 5.15 + 0.5, and TACs
(LUMTE/g DW) by ABTS and FRAP assays were 15.536tahd 6.51 £+ 0.7, respectively. “Murtilla-
like” water extracts contained polyphenols (mg G#)E£19.13+0.9, flavonoids, (mg CE/g)—
3.12+0.1, anthocyanins (mg CGE/g)—120.23+5.4, awdbibic acid (mg/g)—2.20+0.1; and
antioxidant activitiesy(moITE/g) by ABTS and CUPRAC assays were 200.5548 116.76+5.7,

respectively. Polyphenol content highly correlatéth antioxidant activity (Rfrom 0.94 to 0.81).
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Chemometrical processing was done on the basimefic data of two variables (concentration and
reaction time) by DPPH scavenging reaction. Bis@ctiompounds and the antioxidant capacities
were significantly higher in ‘Bidan’ and ‘SKK12’ i fruit cultivars than in other studied samples.
The extracts of the investigated plants exhibitigth inding properties with human serum albumin
(HSA) in comparison with catechin and querceti 8uorescence and FTIR spectroscopy can be
applied as additional analytical tools for rapitiraation of the quality of food products In
conclusion, based on fluorescence profiles thersaeer kiwi fruit cultivars can be classified for
three groups: ‘Hayward’ (including ‘Daheung’, ‘Haam’, Hwamei’ and ‘SKK12"), ‘Bidan’ and
‘Hort 16A’. In MS — profiles some differences iretpeaks were found between the cultivar groups
and different berries. All studied fruits could d&aluable food supplementation to known disease
preventing diets.

Keywords: Berries; Extracts; Bioactive compoundstidxidant and anticancer activities; Binding

properties; Food consumption; Medicinal plants;lgital methods; Kiwi fruits cultivars
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ABSTRACT (POLISH)

Streszczenie

Celem bada byta ocena aktywriai antyoksydacyjnej i vazania z biatkami wyaigéw z mato
dotychczas zbadanych owocow jagodowych [miechuekavaiska Physalis peruviangw
poréwnaniu z boréwkwysok (Vaccinium corymbosupzurawing wielkoowocowe (Vaccinium
macrocarpon i mirteok ,Murtilla-like” ( Myrteola nummularigPoiret) Berg)], siedmioma
odmianami uprawowymi owocow kiwi oraz nasionarigémi rdestu balwierskiegd®olygonum
tinctoriumAit.) w modelowym ukfadzie oddziatywania z albumsurowicy ludzkiej (HSA).
Zaleznos¢ migedzy zdolndcig wychwytu wolnych rodnikéw przez polifenole zawantevyciggach,
ich aktywndcig antyoksydacyjsi przeciwnowotworow a powinowactwem do HSA zbadano za
pomog spektroskopii w podczerwieni z transformgigjurierowsk (FTIR), testow wychwytu
wolnych rodnikow, tréjwymiarowej spektroskopii fltescencyjnej i spektrometrii masowej (ESI-
MS). W celu przygotowania wygiow i identyfikacji antyoksydantow zawartych w wygach
zastosowano ke rodzaje rozpuszczalnikow tj. wgdnetanol, octan etylu i eter dietylowy.
Polifenole, taniny, antocyjany i kwas askorbinowsalizowano przy gzyciu metod
spektroskopowych. Catkowgizdolnag¢ antyoksydacyja (TAC) oznaczono gcioma metodami
analitycznymi: ABTS, FRAP, DPPH polegagj na wychwycie rodnika 2,2-difenylo-1-
pikrylohydrazylowego, CUPRAC polegagej na ocenie zdoldoi redukowania kationow miedzi i
testem linolenianowym @-karotenem. Stwierdzono statystycznie istotrmice (P<0,05) pod
wzgledem zawartéci zwigzkdw bioaktywnych i zdolnici antyoksydacyjnej wyggow. Catkowita
zawartad¢ polifenoli byta najwgksza w wycagach wodnych z borowki wysokiej (46,6+4,2 mg
GAE/gDW). Wychgi te wykazywaly jednoczaie najweksz aktywna¢ antyoksydacyjs
wynoszca 108,1+7,24MTE/gDW w metodzie DPPH i 131+968MTE/gDW w metodzie CUPRAC z
wspoétczynnikami korelaciji wynogeymi odpowiednio 0,9918 i 0,9925. Wstée linolenianowym z
B-karotenem zawartoé polifenoli ksztattowata sina poziomie 80,1+6,6% z wspoétczynnikiem
korelacji 0,9909. Wyaigi wodne z miechunki peruwiakiej zawieraty: polifenoli 5,37+0,6 mg

GAE/gDW, tanin 0,71+0,2 mg CE/gDW, antocyjanow ¥1,@ mg CGE/gDW i kwasu
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askorbinowego 5,15+0,5 mg/gDW a ich zddkhantyoksydacyjna TACUMTE/gDW) wynosita w
zaleznosci od metody oznachaeABTS lub FRAP odpowiednio 15,53+1,6 i 6,51+0,7.0tlWie wycagi
Z mirteoli zawieraty: polifenoli 19,13+0,9 mgGAE/fdgwonoidéw 3,12+0,1mgCE/g, antocyjanéw
120,23+5,4 mgCGE/g i kwasu askorbinowego 2,20+Qyigmich zdolné¢ antyoksydacyjna
oznaczana metgdABTS lub CUPRAC wynosita odpowiednio 200,55+@MTE/gDW i 116,76+5,7
uUMTE/gDW. Zawarté¢ polifenoli byta wysoko istotnie skorelowana z akhoscia antyoksydacyijm

(R*0d0,94 do 0,81).

Analiza chemometryczna zostata przeprowadzona dstawie danych kinetycznych dwoch
zmiennych tj. stzenia i czasu reakcji w metodzie wychwytu rodnikaPBP Zawarté¢ zwigzkow
bioaktywnych i aktywné¢ antyoksydacyjna byta statystycznie istotnieksza w wycigach z
owocow kiwi odmian uprawowych Bidan i SKK12ziw innych ocenianych prébkach. Wygi z
roslin wykazywaly due powinowactwo do albuminy surowicy ludzkiej (HS&)poréwnaniu z
katechin i kwercetyn. Spektroskopia fluorescencyja 3-D i spektroskdéfiitR mog; by¢ stosowane
jako dodatkowe naeglzia szybkiej analizy jakai produktowzywieniowych. Siedem nowych
odmian owocow kiwi mgna zaszeregowana podstawie profili fluorescencyjnych do trzechm
Hayward (hcznie z Daheung, Haenam, Hwamei i SKK 12), Bideioit 16A. W badaniach techrjk
MS stwierdzono rénice w wysokéci i rozktadzie pikéw na spektrogramachedzy odmianami
uprawowymi owocow kiwi i owocami jagodowymi. Wszkigt analizowane owoce mgapy¢

wartgsciowym uzupetnieniem znanych diet stosowanych wpreji choréb.

Stowa kluczowe: owoce jagodowe, wagi, zwigzki bioaktywne, aktywn& antyoksydacyjna i
przeciwnowotworowa, oddziatywanie z albumikonsumpcjaywnosci, rosliny lecznicze, metody

analityczne, odmiany uprawowe owocow kiwi
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Abstract Seeds and leaves of indigtolfygonum tinctorium Aif plant were investigated
and compared with another medicinal plant namedigdofor their properties such as
chemical composition, antioxidant, and anticandésces by Fourier transform infrared,
three-dimensional fluorescence spectroscopy, aactrekpray ionization-MS in negative
mode. It was found that polyphenols, flavonoids] 8avanols were significantly higher in
prolipid (P<0.05), following by indigo mature leaves, immatileaves, and seeds. Methanol
extract of mature indigo leaves in comparison whth ¢thyl acetate extract showed higher
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inhibition of proliferation. The interaction betweg@uolyphenol extracts of indigo mature
leaves and BSA showed that indigo has a strongtyatdls other widely used medicinal
plants, to quench the intrinsic fluorescence of B8Aforming complexes. In conclusion,
indigo mature leaves were compared with prolipid. Higintent of bioactive compounds,
antioxidant, fluorescence, and antiproliferativeperties of indigo justifies the use of this
plant as a medicinal plant and a new source obxidtnts.

Keywords Indigo Extracts Bioactive compoundsAntioxidant and anticancer activities

Introduction

Indigo (Polygonum tinctorium Ait.is an herbaceous subtropical annual plant, bélgntp

the family Polygonaceae. Within the cells of itaues,P. tinctorium accumulates large
amounts of a colorless glycoside, indican (inddxgtap-glucoside), from which the blue
dye indigo is synthesized,[2]. The composition of the natural dyes was deterthiaier

the extraction procedures with different solventteys B]. Indigo naturalis is used by
traditional Chinese medicine to treat various imftaatory disease<]. Some wild indigo
species as herbal drugs were evaludigd he data concerning the anticancer activityndigo

are very limited §]. There are still few data on indigo plant; theref it is possible to compare it
with other better investigated medicinal plantan® are a source of compounds that may be
used as pharmacologically active produ@stisus multiflorus Filipendula ulmaria and
Sambucus nigrdnave been used as important medicinal plants inlktban Peninsula for
many years and are claimed to have various healibfits as indigo plan]. It was shown
using chemical, biochemical, and electrochemicahys that these wild plants are source of
phytochemicals and antioxidant potentid. [Also Dall'Acqua, Cervellati, Loi, and Innocenti
[8] examined the antioxidant capacities of 11 botrspecies used in the tradition of Sardinia
as tea beverages or as decoction for medicinalopesp The anti-metastasis and immune-
stimulating activities of EtOH extracts of fermeaht€orean red ginseng (FRG-E) in animal and
human subjects was investigat@ll [The antioxidant properties of phenolic compoufrds
olive pulp ofchamlalvariety and those of individual phenolic compoungse evaluated and
compared with that of vitamin CL{]. Generalic et al.J1] studied the phenolic profile and
antioxidant properties of Dalmatian sage. AnotHantpasLithospermum erythrorhizooould

be a promising rich source of natural antioxidditd. It was of interest to know if also
methanol and ethyl alcohol extracts of indigo hthee same properties as some other plants.
Therefore, in addition to determination of the Istbee compounds content, especially phe-
nolics, and antioxidant activity of indigo, alss #@nticancer properties were examined. As far as
we know, there are no published results of suclstigations.

Methods and Materials
Chemicals
6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylitdda@rolox); gallic acid; quercetin; Tris,

tris(hydroxymethyl)aminomethane; 2,2-azino-bis t8/#enzthiazoline-6-sulfonic acid)

(ABTS); Folin-Ciocalteu reagent; lanthanum (Ill) chloride heptitaye; FeGl6H,0;
CuCb:-2H,0; 2,9-dimethyl-1,10-phenanthroline (neocuproine)d @ovine serum albumin
(BSA) were purchased from Sigma Chemical Co., Sid,ddO, USA. 2,4,6-Tripyridyk-
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triazine (TPTZ) was purchased from Fluka Chemie;Bu Switzerland. All reagents were of
analytical grade. Deionized and distilled water wsed throughout.

Testing Samples Preparation

There are three samples of indigo pldhtifctorium: seeds and two samples of leaves. The
leaves with slight green color (immature leaves) wemvested on April 10, 2010, and the
leaves with green brown color (mature leaves) wergdséed on July 20, 2010, from the

same place. Two samples of leaves were used becaesaas mature and the other
immature. The most important is to find exact daten the leaves can be harvested. The
leaves were dried for 5 days under sunlight. Theegavere pulverized in the laboratory
conditions. The particle size was 200 mesh. For @vispn, prolipid was used §]. Prolipid

is a mixture of the following plantsSonchusb32 Z. arvensisL. from the Compositae
(Asteraceae) familyGuazuma ulmifolidl. from the Sterculiaceae family adurraya pan-
iculata L. from the Rutaceae family. Prolipid contains asts ofG. ulmifolia[20 g/100 g dry
weight (dw)],M. paniculata(10 g/100 g dw), an8. arvensi§10 g/100 g dw). Prolipid capsules
were obtained as a gift from the drug importer C&\Warsaw, Poland).

Extraction of Polyphenols

The extracts from seeds and leaves were preparéitebgame way for all tests (bioactive
compounds, antioxidant, and anticancer assays)pfibeols were extracted with methanol
and ethyl acetate from the indigo powder, seedteprolipid (concentration 25 mg/mL) at
room temperature twice for 3 b4]. The prolipid capsules were opened and the comtaest
dissolved in the same solvents at the same conditio

Extraction of Phenolic Compounds for MS

The lyophilized sample of indigo plant (1 g) wasragted with 100 mL of methanol/water
(1:1) at room temperature and in darkness for ZPhk. extracts were filtered in a Buchner
funnel. After removal of the methanol in a rotamaporator at a temperature below 40 °C,
the aqueous solution was extracted with diethyl etoedt ethyl acetate, and then the
remainder of the aqueous solution was freeze-dfiibd. organic fractions were dried and
redissolved in methanol. These extracts were usetf) for determination of bioactive
compounds and Fourier transform infrared (FTIR)yses [L5)].

MS AnalysisA mass spectrometer, a TSQ Quantum Access Max KitheFisher
Scientific, Basel, Switzerland), was used. Analytesre ionized by electrospray
ionization (ESI) in negative mode. Vaporizer tengiare was kept at 100 °C.
Settings for the ion source were as follows: spraage 3,000 V, sheath gas pressure
35 AU, ion sweep gas pressure 0 AU, auxiliary gesgure 30 AU, capillary temperature 200 °C,
and skimmer offset O V.

Total Phenolic Content

The polyphenols were determined by Feldiocalteu method with measurement at 750 nm
with a spectrophotometer (Hewlett-Packard, model 843dckville, USA). The results
were expressed as milligrams of gallic acid equival€GAE) per gram DW1[g].
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Total Flavonoid Content

Total flavonoid content was determined by an alummirahloride colorimetric methodLf)].
Briefly, 0.25 mL of the indigo or prolipid sampleteact was diluted with 1.25 mL of
distilled water. Then 78L of a 5 % NaNQ@ solution was added to the mixture. After 6 min,
150 L of a 10 % AIC}-6H,0 solution was added, and the mixture was allowedarudsfor
another 5 min. Half of a milliliter of 1 M NaOH was attj and the total was made up to
2.5 mL with distilled water. The solution was well i and the absorbance was measured
immediately against the prepared blank at 510 noomparison with the standards prepared
similarly with known (+)-catechin concentrations. Tesults are expressed as milligrams of
catechin equivalents.

Total Tannins Content

To 50pL of methanol extract of the plant sample, 3 mlagf % methanol vanillin solution
and 1.5 mL of concentrated hydrochloric acid weread The mixture was allowed to stand
for 15 min. The absorption was measured at 500 gainat methanol as a blank. The
amount of total condensed tannins is expressed)asafechin equivalents per gram of the
sample 19].

Total Flavanols Content

The total flavanols amount was estimated using gkd#imethylaminocinnamaldehyde
(DMACA) method, and then the absorbance at 640 nm weead. ITo ensure the presence
of flavanols on the nuclei, subsequent staining wlith DMACA reagent resulted in an
intense blue coloration in plant extrad9]. As it was mentioned previously, (+)-catechin
served as a standard for flavonoids, flavanols,tandins, and the results were expressed as
catechin equivalents (CE).

Antioxidant Activity by 2,2-Azino-bis(3-ethyl-benzo#ioline-6-sulfonic acid)
Diammonium Salt (ABTS) Method

ABTS *radical cation was generated by the interaction B8 (7 mM/L) and KS,Og
(2.45 mM/L). This solution was diluted with methanmitil the absorbance in the samples
reached 0.7 at 734 nra(].

Antioxidant Activity by Ferric-Reducing/Antioxidant Rer

This assay measures the ability of the antioxidamtthe investigated samples to reduce
ferric-tripyridyltriazine (Fé”TPTZ) to a ferrous form (F8. FRAP reagent (2.5 mL of a

10 mM ferric-tripyridyltriazine solution in 40 mM H®lus 2.5 mL of 20 mM FeGIH,O
and 25 mL of 0.3 M acetate buffer, pH 3.6) of 900was mixed with 9QuL of distilled
water and 30uL of plant samples or methanol as the appropriatgent blank. The
absorbance was measured at 595 Ath [

Antioxidant Activity by Cupric Reducing Antioxidant @acity

This assay is based on utilizing the copper(ll)augmoine reagent as the chromogenic
oxidizing agent. To the mixture of 1 mL of coppd)-eocuproine and N}Ac buffer
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solution, acidified and non-acidified methanol exts (or standard% solutionx,(fin

milliliters) and HO [(1.1-x) in milliliters] were added to make the final vole o

4.1 mL. The absorbance at 450 nm was recorded againsagent blank2p].
Fluorimetry

Two-dimensional- and three-dimensional (3D-FL) flescence measurements were
done using a model FP-6500, Jasco Spectrofluorometial N261332, JaparRd].
Fluorescence emission spectra for all indigo saspliea concentration of 0.001 mg/
mL were taken at emission wavelength (in nanometefsB30 and recorded from
wavelength of 265 nm to a wavelength of 310 na, emission wavelengths of
685 nm from 260 to 750 nm, and at excitation &0 3xm from 250 to 500 nm3D-FL
spectra of the investigated plant extracts werdect#d with subsequenscanning
emission spectra from 260 to 750 nm at 1.0 rnncrements by varyinghe
excitation wavelength from 260 to 500 nm at 10 nntréments. The scanning
speed was set at 1,000 nm/min for all measemén All measurements were per-
formed with emission mode and with intensity up t600, All solutions for protein
interaction were prepared in 0.05 mol/L FHECI buffer (pH 7.4) containing 0.1 mol/
L NaCl. The final concentration of BSA was 2.0 =*1fhol/L. All solutions were kept

in dark at 84 °C. The BSA was mixed with methanol or with ethyktate extracts
of 20 pl. The samples were mixed in the properties of BR#éet01:1. The samples
after the interaction with BSA were lyophilized andbgected to FTIR.

Fourier Transform Infrared Spectra Studies

The presence of polyphenols in the investigatedaetd of indigo samples was studied by
FTIR spectroscopy. A Nicolet iS 10 FTIR SpectromgfEnermo Scientific Instruments
LLC, Madison, WI, USA), with the smart iTR attenuated total reflectance accessory, was

used to record IR spectra4-26].
MTT Assay

Anticancer activity of methanol and ethyl acetatd@racts of the studied plants on
human cancer cell lines (Calu-6 for human pulmoneaycinoma and SNU-601 for
human gastric carcinoma) was measured using MTHE &dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide) assay. The cell lingere purchased from the Korean
Cell Line Bank for MTT assay. Cells were grown in RPM40 medium at 37 °C
under 5 % CQin a humidified incubator. Cells were harvested,nted (3 x 10cells/
mL), and transferred into a 96-well plate and iretedl for 24 h prior to the addition
of test compounds. Serial dilutions of testmples were prepared by dissolving

compounds in dimethyl sulfoxide (DMSO) followed byilution with RPMI-1640
medium to give a final concentration at 25, 500,100, 400, and 80f)g mL™.

Stock solutions of samples were prepared fell tines at 90uL and samples at
10 pL and incubated for 72 h. MTT solution at 5 mg thivas dissolved in 1 mL of

phosphate buffer solution, and 1 of it was added to each of the 96 wells. The
wells were wrapped with aluminum foil and incubated3@ °C for 4 h. The solution
in each well containing media, unbound MTT and deails were removed by
suction, and 15QL of DMSO was added to each well. The plates were #teaken
and optical density was recorded using a micro pleéeler at 540 nm. Distilled water
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was used as positive control and DMSO as solwemtrol. Controls and samplesere
assayed in duplicate for each concentration andiceg¢ed three times for eacleell
line. The anticancer activity was obtained by cornmgarthe absorbance betweethe
samples and the contrak7].

Statistical Analyses

To verify the statistical significance, mean + SD fove independent measurements
was calculated. Differences between groups were tdsyetivo-way ANOVA. In the
assessment of the antioxidant activity, Spearmaretadion coefficients ) were used.
Linear regressions were also calculatedalues of<0.05 were consideredignificant.

Results
Bioactive Compounds

The results were summarized in the TableAs can be seen, the significantly highest
content of polyphenols and flavonoids was in praligind mature leaves, flavanels
in seeds, and tannirsin prolipid, immature, and mature leavé3<(.05 in allcases).

Mass Spectra

Gallic acid (Fig.18) and quercetin (Figlb) were used as standards. The spectrum
shows the maimyz peaks found in seeds (Figa) in methanol fraction: at 106elative
abundance (RA)58 %; benzoic acid at 120 has BRO0 %; and methylvanillate at 180
has RA018 %, at 214 RA40 %. The peaks in seeds were not foundimmature
leaves at the same location (Figp): at 104, RA20 %; in comparisorwith the one

at 106, RA was higher as twice as in leaves; instfapeak at 120, thgpeak appeared
at 134 (RA75) of p-hydroxybenzoic acid; at 192 (RA00 %) of

scopoletin; at 356 (RB40 %) and at 365 (RB18 %). The same fraction for mature
leaves showed the following peaks (FRy): one of the main peaks was located at
134 for p-hydroxybenzoic acid with R®95 %, slightly higher than for immature

Table 1 Bioactive compounds in methanol extratth® studied samples per dry weight (DW)

Sample Polyphenols mg GAE  Flavonoids mg CE  Flavanolsug CE ~ Tannins mg CE
Seeds 5.14+0.3 a 3.842+0.2 a 1,568.95+79.1b 1.14+0.05 a
Immature leaves 11.55+0.5 b 5.175+0.2 a 432+4.4 ¢ 2.56+0.1b
Mature leaves  14.22+0.7 c 6.079+0.3b 213+2.1d 2.95+0.2b
Prolipid 16.64+0.7 c 6.566+0.3 b 1,109.65+54.2a 3.18+0.3 b

Values are means + SD of five measurements. Valiedumns for every bioactive compound with theea
solvent bearing different letters are significamtifferent (<0.05).

CE catechin equivalenGAEgallic acid equivalent
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Fig. 1 ESI-MS spectra of a gallic acid; b querceti

ones; at 192 (RB100 %) of scopoletin, than the other ones at 35BQRI0 %),
365 (RA040 %), and 611 (RA20 %).

The spectrum shows the maivz peaks found in seeds (Figg) in ethyl acetate fractiorat
174 (RAD20 %) for coniferaldehyde, at 188 (RA00 %), at 312 (RB45 %), at 330
(RA065 %), and at 340 (R0 %). Only two peaks were in immature leaves (8iywith
slightly different abundance such as at 314 with &40 % and at 340 with RA of 75 %.
Other peaks were fop-hydroxybenzoic acid at 138 (RFR0 %); vanillic acid at 166
(RA0100 %); at 266 (RA40 %) for apigenin; at 294 (R®LO0 %) for catechin, at
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R Fig. 2 ESI-MS spectra of methanol fractions ofdse¢a), immature leaves (b), and mature leavesf(c)
indigo plant in negative ion mode

326 with RA070 % and 619 with RA of 15 %. The peaks appearedrfature leavesn
the same fraction were the following (Fi@c): at 134 (RAO055 %) for p-hydrox-
ybenzoic acid, the same peak was in immature leavifs slight shift. Another peaks
appeared at 165 (R&L00 %) for vanillic acid for both leaves; at 192ARBR50 %) for
scopoletin only in immature leaves; at 215 (% %); at 286 (RA50 %); at 294
(RA085 %) for catechin for both leaves; and at 330 (RA %) and at 618 (R&

50 %) which were shown in both leaves. The obtairsdlts showed the samecation of
the peaks in both leave samples, only with high@moants of thecompounds showing
different relative abundances.

The Antioxidant Activity

The results of the determination of the antioxidaativity in the studied samples are
summarized in the Tabl@. As can be seen, according to ABTS test, the siritly

higher antioxidant activity was in mature leavescoading to CUPRACG-in prolipid and

mature leaves, and according to FRAIR prolipid, mature, and immature leavéB<0.05
in all cases).

Fluorimetry

3D-FL (Fig. 4A, B) spectra illustrated the elliptical shape oé tbontour maps (AaBa)
and cross maps (FigtAb, Bb) of the main peaks for indigo methanol anbyketacetate
extracts of mature leaves. The main peaks for methaxtracts appeared atex/em of
260/310 with fluorescence intensity (FI) of 889.&8d another one aex/ em of 260/360
nm with Fl of 776.07 (Fig4Aa, C, Ab). The ethyl acetate fractidmad slightly different
peaks: athex/em of 260/320 with FI of 169.59 and /&x/em of 260/360 nm with FI of
165.94 (Fig.4Ba, D, Bb). One of the main peaks for 2x

10° M/L BSA was found at\ex/em of 225230/335 nm with FI of 877.60 (FigiE,

upper curve). The interaction of BSA and ethyl atetextract of indigo mature leaves
(Fig. 4E, middle curve, with F0715.61) and BSA and indigo (FigE, lower curve,with
FI10650.81) showed the peak of 335 nm and decreaskeirfliorescenceintensity (FI).
These results are in correspondence with the amaintpolyphenols, antioxidant
activity, and MS bioactivity data that the methareltract is morebioactive than the
ethyl acetate. The decrease in fluorescence injerdi BSA was about 18.5 % for the
ethyl acetate fraction and 25.8 % for methanoltioac showinghigher quenching activity
of methanol extracts of polyphenols. The intemttibe- tween methanol and ethyl acetate
polyphenol extracts of indigo and BSA showed thatigo has a strong ability as other
studied medicinal plants to quench the intrinsilworescence of BSA by forming
complexes.

FTIR Spectra

The FTIR spectra of methanol extract of prolipidy(BA, upper curve) was compared wigthyl
acetate extract of indigo mature leaves (BB, middle curve) and with methanextract of
indigo mature leaves (Fi®.C, lower curve). Noticeably, the presence of wave-

lengths of FTIR spectra of gallic acid at 860, 5,02,100, and 1,654 ¢ tannic acid at
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R Fig. 3 ESI-MS spectra of ethyl acetate fractiohseeds (a), immature leaves (b), and mature le@yes
indigo plant in negative ion mode

1,172, 1,511, and 1,627, apdcoumaric acid at 1,124, 1,171, 1,508, and 1,638 enere
observed in samples analyzed. The wavelength of BjpRtra corresponding for vanillin

was 1,498, 1,534, 1,617, 1,654, and 3,392'd@¥4, 26]. The main bands presenting in the
samples are the following: the band of 1,029%mC-O alcohols) is exactly found in ethyl
acetate extract of mature leaves (Figline b) with a small shift at 1,017 ¢hfor the dry

substance (Fig5, line a) and for methanol extract of 1,033 c(fig. 5, line ¢). The band of
1,280 cm' (-OH aromatic) appeared in slightly different locatiofi 1,201 crit. Other

peaks appeared at 1,319397 cm'. The peak of 1,422 cth(-C-O alcohols) appeared

only in prolipid. The peak of 1618 ¢h{COC aromatic and GC alkenes) appeared in ahe
samples with a shift at 1,650 and 1,597 cior carbonyl substituents. The broad baoid
3,309, 2,925 and 2,917 chbelong to glycosidic groups O-H. FTIR of quercetin as
standard showed broad phenolic OH band centered c@r8i#04 crit, characteristic -CO
stretching at 1,663 ctharomatic bending and stretching around 1,091 a#@Blgm®, and

-OH phenolic bending around 1,197 and 1,374'd®@8]. FTIR spectra of water extracts of
mature indigo leaves2B] showed a peak characteristic -CO stretching aB4l,6ni*
aromatic bending and the peaks at 2,925 and 2,862are related to the & bond of
saturated carbons, which are different from ourltesaf methanol and ethyl acetate extracts.
Matching between the peaks in the range from 4,60000 cmi® of (prolipid methanol
extract)/(indigo ethyl acetate extra@®$p.08 %, (prolipid methanol extract)/(indigo methreo!
extract)076.52 %, and (indigo ethyl acetate extract)/(indigethanol extracf)69.41 %(Fig. 5).
Matching between the peaks of the water extractsndigp mature leaves and treame
substances in the same range of the peaks in joraligs slightly higher of about8.38 %
[28].

Anticancer Activity

It was observed that the percentage of prolifengtivif the methanol and ethyl acetate
extracts of mature leaves and prolipid samplesvam dell lines (Fig.6a Calu-6 for human
pulmonary carcinoma and Figb, SNU-601 for human gastric carcinoma) was differdite
proliferativity (in percent) for concentrations 800 ug/mL for methanol and ethycetate
extracts of prolipid on Calu-6 were 75.49 and 7924respectively, and on SNWB0O1 were
77.42 and 80.45 %, showing the highest antiprolifezaactivity in comparison

Table 2 Antioxidant activities (in micromole Tralequivalents) in methanol extracts of the studestiplesper dry
weight (DW)

Sample ABTS CUPRAC FRAP

Seeds 68.326+3.4 b 29.27+1.3 a 12.21+0.6 a
Immature leaves 134.438t6.6 ¢ 30.62+1.4 a 19.7940.9 b
Mature leaves 185.464+9.1d 59.46+2.8 b 20.91+1.1b
Prolipid 206.24+20.2a 64.65£3.1 b 22.68+1.2 b

Values are means + SD of five measurements. Valiedumns for every bioactive compound with theea
solvent bearing different letters are significamtifferent (<0.05).

ABTS2,2-Azino-bis (3-ethyl-benzothiazoline-6-sulfonicid) diammonium saltCUPRACcupric reducing
antioxidant capacitys RAPferric-reducing/antioxidant power
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Fig. 4 A three-dimensional fluorescence (3D-FL) spectrunmethanol extract (0.001 mg/mL) of indigo
mature leavesAa elliptical shapes of the contours of methanol ettraf indigo mature leaveB, 3D-FL
spectrum of ethyl acetate extract (0.001 mg/mLindigo mature leave®3a elliptical shapes of the contour
map of ethyl acetate extracts of indigo maturedsa® 2D-FL of methanol extract of indigo mature leav@s,
2D-FL of ethyl acetate extract of indigo matureveEessAb cross maps of methanol extracts of indigo mature
leaves Bb cross maps of ethyl acetate extracts of indigo redaavesE change in the fluorescence intensity
(ID) as a result of binding affinity of: 2.0x10mol/L of BSA (upper ling; BSA and 40ug/mL of indigo
leave methanol extraan{ddle ling; BSA and 4Qug/mL of indigo leave ethyl acetate extrdower line); the
3D-FL were run emission mode and fluorescence sitierup to 1,000, emission wavelengths from 260 to
750 nm and excitation wavelengths from 250 to 500 stanning speed was 1,000 nm/min, &arBa, C, D,
Ab, Bb, andE, emission wavelength on x-axis and fluorescentasity on y-axis fo€, D andE; for Aa, Ba,
AbandBb, excitation wavelength on y-axis

with mature leave sample for Calu-6 (76.12 and 8@@2and SNU-601 (79.43 and
82.26 %). Our investigation shows that antioxidariivag of the studied samples was
highly correlated with their antiproliferative adtiv
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Fig. 6 The proliferativity (in percent) of humanncar cells of the a CALU-6 and b SNU-601 linesthe
presence of methanol and ethyl acetate indigo magaves and prolipid. Each point represents thenme
SD (n06). Abbreviations:Proetacprolipid ethyl acetate extrad®roMe prolipid methanol extractVlaEtac
mature leaves ethyl acetate extrdaMetmature leaves methanol extract

Discussion

The obtained results of our research can be coedeaith the recently performed
experiments in order to find the scientific basis the health properties of this plant
[29], where the antinociceptive, anti-inflammatory, aadtipyretic effects of indigo
plant root methanolic extract were evaluated. Theigm plant root extracts signifi-
cantly and dose-dependently inhibited the writhilegponses of mice and decreased
the licking time in both the early and late phasésthe formalin test. However, as
was stated, the research on the content of bioactrapounds and the antioxidant
and anticancer activities of indigo was lirditeTherefore, some other plants were

@ Springer



15

2000 Appl Biochem Biotechnol (2012) 167:198804

reviewed in order to compare the obtained results. B&ll'Acqua et al. §] evaluated
in vitro antioxidant properties of some traditionadedicinal plants: investigation of
the high antioxidant capacity ddubus ulmifoliusused in Sardinia as tea beverages or
as decoction for medicinal purposes. Among theousrispeciesR. ulmifoliusresulted
as the more bioactive with all the used methodsitd@ihemical investigation revealed
several phenolic compounds as caffeic acid, ferakitd, quercetin, kaempferol-3-O-
glucuronide, kaempferol-3-O-(6"-p-coumaro@hP-glucopyranoside, kaempferol-3-O-
(6"-caffeoyl)B-D-glucopyranoside, and many others which are aocordance with
our MS data, which are responsible for the caiidiant properties. Our results can
be compared with Generalic et alll], who studied the phenolic profile and antiox-
idant properties of Dalmatian sage. The resultsngtyo indicate that Dalmatian sage
leaves are rich source of valuable phenolics, maptienolic acids, with extremely
good antioxidant properties. The presence of resk@ror its derivates was confirmed
in all extracts. The authors found that the bestlts for total phenols and flavonoids,
as well as the best antioxidant properties wereinddafor May sage. Our results can
be compared with the phytochemical composition amtiosidant activity of wild
medicinal plants, based on chemical, biochemicadl electrochemical methods. So,
F. ulmaria was found to be the richest in antioxidant phytootoals, such as
phenolics (228 mg GAE/g DW) and flavonoids (62 mg/@ DW). The antioxidant
activity was found to vary in the ordef. ulmaria>S. nigra> C. multiflorus irre-
spective of the analysis method].[ Seven compounds related to flavonoids and a
mixture of two caffeic acid esters were isolatednirL. erythrorhizonSieb et. Zucc.
and identified by spectroscopic methods with goedlical scavenging activities
toward ABTS but showed moderate inhibition of DPHERZ]. The presented MS
data (Figs.1, 2, and 3) were in accordance with otherg],[ where for direct
identification of the organic dye compounds queémeindigotin, and alizarin in
reference materials, in solution, by use ofedir analysis in real time ionization
and high-resolution time-of-flight mass spectrometvas done. These data are in
accordance with Mantzouris et al] [that the treatment by the standard HCI dyestuff
extraction method revealed different flavonoids gitenolic acids, where some of
them are listed: apigenin, ellagic acid, fisetimdigotin, indirubin, kaempferol,
naringenin, quercetin, and others. Our results &xantaccordance with others3]|
where the composition of the natural dyes was detexchiafter different extraction
procedures. The efficiency of eight different prdares used for the extraction of
natural dyes was evaluated using contemporary weoiptes dyed with cochineal,
madder, woad, weld, brazilwood, and logwood. Comparig@as made based on the
LC-DAD peak areas of the natural dye's main comptmavhich had been extracted
from the wool samples. Among the tested methodsexsmnaction procedure with
NaEDTA in water/DMF (1:1,v/v) proved to be the most suitable for the extraction
of the studied dyes, which presented a wide rarfgehemical structures3].
The present results can be compared with our recees P8], where the water
extract of indigo plant was analyzed. In water extréioe polyphenols and flavonoids

were significantly higher in prolipid, flavanetsin indigo seeds. Our results are in
accordance with Fialova et al3(], where in leaves oflsatis tinctoria L. the
following indices were determined: total polyphEno(3.03 %), tannins (1.05 %),
and total flavonoids (expressed as isoquercitriB @). The phenolic compounds
showed higher radical scavenging activity thatmita C [L0]. The antioxidantactivity
was the highest in prolipid, followed by indigo mauteaves. Exactly thesame
relationship was obtained in methanol and ethyletee¢xtracts, but the highest
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value was in methanol fractior2§]. The composition of the indigo plant depends on
the extraction procedure. Results of the studyiwa# plants, of which four arendemic
to Turkish flora B1] showed that the plants were screened for theisiplEs in vitro
antioxidant activities by two complementary test teys (DPPH and -
carotene/linoleic acid). In the first casBglargonium endlicherianunextract exerted
greater antioxidant activity with an 4¢€value of 7.43 £ 0.47ug/mL, followed by
Hieracium cappadocicunof 30.0 £ 0.14 yg/mL. When compared to the synthetic
antioxidant BHT (18.0 + 0.4Qug/mL), the methanolic extract oP. endlicherianum
exhibited more than twofold greater antioxidant ivatgt In the B-carotene/linoleic
acid test system, the most active plant wasendlicherianumwith 72.6 %+ 2.96
inhibition rate, followed byH. cappadocicum(55.1 %4+ 2.33) andvVerbascum wiede-
mannianum(52.5 %=+ 3.11). The results of antioxidant actegtiof indigo plant
(Table 2) are in agreement with the above-cited data. Anstraorrelation between
TEAC values and those obtained from CUPRAC assayiechpthat antioxidants in
these plants were capable of scavenging free Hademad reducing oxidants. A high
correlation between antioxidant capacities and theial phenolic contents indicated
that phenolic compounds were a major contributoranfioxidant activity of these

plants. Our results on cytotoxicity are in accoranwith others 32-34]. The
antioxidant activity of macalLgpidium meyen)ji was assessed by the inhibition of
peroxynitrite. Maca (1 mg/mL) protected RAW 264.¢lls against peroxynitrite-
induced apoptosis and increased ATP production eits dreated with KD, (1 mM).
The concentration of catechins in maca was lowan tm green tea (2.5 vs. 145 mg/
g). Maca has the capacity to scavenge free rademads protect cells against oxidative
stress. Our results can be compared with the recerit @foLin et al. §]. The extract
of indigo naturalis (QD) and its main componentsirimoin, indigo, and tryptanthrin
in human neutrophils were investigated for theirti-amflammatory effects. QD
showed the significant inhibition of superoxide @mi attenuated the formyl-I-
methionyl-l-leucyl-I-phenylalanine (FMLP)-inducedh@sphorylation of extracellular
regulated kinase; QD inhibited calcium mobilizatioaused by FMLP. On the other
hand, neither indirubin, indigo, nor tryptanthrimoguced similar changes in human
neutrophils.

The plant extracts were tested for cytotoxicity by trine shrimp lethality assagea
urchin eggs assay, hemolysis assay, and MTT assayg tumor cell lines32). The
extract of Oroxylum indicumshowed the highest toxicity on all tumor cell lines
tested, with an IC50 of 19.@g/mL for CEM, 14.2ug/mL for HL-60, 17.2ug/mL
for B-16 and 32.5pg/mL for HCT-8. On the sea urchin eggs, it inhibitéue
progression of cell cycle since the first cleavd®50013.5 ug/mL). As was recently
shown by Heo et al.2[7] that the Korean medicinal plants, which were u$ed a
long time as traditional seasoned salads, posseicamcer activity. Our studies on
cytotoxicity are in correspondence with lwaki and ioto [6], where it was shown
that tryptanthrin and indirubin, both compoundsgorating from indican in the
leaves ofP. tinctorium are responsible for many of the biological atiééd of this
plant. Tryptanthrin has a potent anti-inflammatagtivity and shows growth inhib-
itory activity against cancer cell lines in vitrdlhe effect of this substance on
azoxymethane-induced intestinal tumorigenesis its raith carcinogenesis in the
intestines is closely associated with inflammatidmyptanthrin inhibited the inci-
dence of intestinal tumors. Indirubin has been regub to possess an anti-leukemic
activity and P. tinctorium also contains various anti-oxidative substancesich as
gallic acid and caffeic acid, with potential antiztor activity. We consider it likely
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that P. tinctorium shows cancer preventive activity as a consequefficéeo integral
effects of these substances. Our results are éordance with others3p], where diploid
leaf extracts ofGynostemma pentaphylluiakino, which is used in tea antbod,
had strongest inhibition on inflammation and HT-26l{feration, but theseextracts had
different order of antiproliferative properties ifhhe LNCaP cells. Theinteraction
between water polyphenol extracts of indigo mateeves and BSAshowed that indigo
has a strong ability, as other medicinal plants,qiwench theintrinsic fluorescence of
BSA by forming complexes2f]. Better ability is shown bymethanol extract. The
application of IR spectroscopy and fluoreseeric herbal

analysis is still limited when compared to otheeaw. The representative IR spectra
from the mid-IR region (4,06800 cni') for ethyl acetate and methanolic extracts
were observed. The three extracts in the regionpofyphenols showed slight
variation in bands than the standards.

Conclusions

It was found that polyphenols, flavonoids, and #laels were significantly higher in
prolipid, following by indigo mature leaves, immetuleaves, and seeds. The ability
of indigo to quench the intrinsic fluorescence oA relatively high content of
polyphenols compounds and anticancer propertieseased as a new source of antioxidants.
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Abstract Fluorometry, ESI-MS, FTIR, and radical scav€hemometrical processing was done on the basisnefik
enging assays were used for characterization cdictice data of two variables (concentration and reactiore) by
compounds and the levels of their antioxidant &@is. DPPH scavenging reaction. Polyphenol content highblye-
Polyphenols, flavonoids, anthocyanins, and ascodmitl lated with antioxidant capacity {Rrom 0.96 to 0.83). The
and the level of antioxidant activity of water edts of quenching properties of berries were studied byritezaction
“Murtilla-like” [Myrteola nummularia(Poiret) Berg.], and of water polyphenol extracts with a small protaigisas BSA
other widely consumed berries were determined amd-c by 3-D fluorescence and FTIR spectroscopy. Thesthade
pared. The contents of bioactive compounds andetels were used as additional tools for the charactévizaif poly-
of antioxidant activities in water extracts diffdreignifi- phenols. Wild-grown non-investigated berries wesengared
cantly in the investigated sampld3<Q.05). “Murtilla-like” with widely consumed ones, using their bioactivenposi-
extracts contained polyphenols (mg GAE/@P.13+0.9, fla- tion, antioxidant activities, and antiproliferatiged fluores-
vonoids, (mg CE/g)}3.12+0.1, anthocyanins (mg CGE/g) cence properties. In conclusion, the antioxidawperties of
120.23+5.4, and ascorbic acid (mg/g)20+0.1; and anti- “Murtilla-like” can be used as a new source for consumption.
oxidant activities imolTE/g) by ABTS and CUPRAC assayd he bioactivity of “Murtilla-like” is comparable with blue-
were 200.55+8.7 and CUPRAC 116.76+5.7, respectivelyberries and raspberries. 3-D fluorescence and FTIR
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spectroscopy can be applied as additional andlyticés for fractions of mature wild blackberrristotelia chilensis

rapid estimation of the quality of food products. (Mol) Stuntz (Elaeocarpaceae) were analyzed. Craybe
was investigated as chemotherapeutic agent (Elberigl.

Keywords Analytical methodsBerries: Bioactive 201Q Cuevas-Rodriguez et a&010. Some wild Jamaica-

compoundsAntioxidant activity grown species and the Michigan-gro®Rubus acuminatys

Rubus idaeusv. Heritage, andRubus idaeusv. Golden

were analyzed for their anthocyanin contents, apé |
Introduction peroxidation, cyclooxygenase enzyme, and human tumo

cell proliferation inhibitory activities. The higanthocyanin
Consumption of berries and fruits has become paputantents and biological activities of these frintdicate that
among health-conscious consumers due to the higtisle their consumption would be beneficial to healthisTimay
of valuable antioxidants, such as plenolics (Wadteal. be useful in the production of functional foods taming an
2008. These phytochemicals include flavonoids, stidsen efficacious dose of anthocyanins (Bowen-Forbes let a
tannins, phenolic acids, and anthocyanins (Céspetled. 2010. The subject of different berries was investigate
201Q Paredes-Lopez et 8101Q You et al.2011%;, Ahmad et intensively, and it was shown in the cited literafunclud-
al. 2012 Kang et al.2012 Yadav et al2012. Administra- ing the studies of Chilean berries (Céspedes eRGil0).
tion of a freeze-dried powder of mulberiyigrus albal.) Ugni molinae Turczalso known a§Murtilla”, is a plant that
fruit (MFP) to rats on a high-fat diet resultedairsignificant grows in the south of Chile. Infusions of theirea have
decline in levels of serum and liver triglyceridetal cho- long been used in traditional native herbal me@icRubilar
lesterol, serum low-density lipoprotein cholesterahd a et al. 2006 Suwalsky et al.2006. The bioactivity of
decrease in the atherogenic index. Oppositely, sivim “Murta” (“Murtilla”) was investigated by Rufino et al.
high-density lipoprotein cholesterol was signifidgnin- (2010. It was interesting to compare different extrawti
creased (Yang et aR010. Berry phenolics may also acprocedures in some fruits and plants (Chanda antkeika
as antimicrobials which may be of help in the cohtf the 2012 Khoo et al.2012. In our recent research the methanol
wild spectra of pathogens, in view of recent praideasso- extracts of different berries was investigated aathpared
ciated with antibiotic resistance (Paredes-Lopeal.€t010. (Arancibia-Avila et al.2011). We were interested to inves-
Recent studies in vitro and in vivo have been impdbthe tigate water extracts of a new kind of Chilean jpdmown
scientific understanding of how berries and fryitsmote by the name of'Myrteold’ or “Murtilla-like” and to com-
human health and prevent chronic illnesses suchoase pare its composition with the widely consumed lesxriThe
cancers, heart and neurodegenerative diseases @ral. water extracts of berries are important from thafpof tea
2008 Seeram2010. The purpose of some studies was tmnsumption. To meet this aim the contents of hivac
investigate and to compare the composition, stgbi#inti- compounds (polyphenols, flavonoids, anthocyaninsgd a
oxidant and anticancer properties, and mechanisisascorbic acid) and the level of antioxidant adtgt(AA)
anthocyanin-containing berries extracts from sekatulti- were determined and compared. In order to receiliabte
vars and using different extraction methods. THeuémce data the AA was determined by three assays: cupric-
of water content in the extraction system was atalll A reducing antioxidant capacity (CUPRAC), 1,1-dipHe?y
90-day stability study of the extract and a 48-hbsity picrylhydrazyl (DPPH), and 2,2-azino-bis (3-ethyiathia-
study of the extract in biologically relevant buffewere zoline-6-sulfonic acid) (ABTS) (Apak et é2004 Ozgen et
completed (Dai et al2009. Potential benefits of polyphe-al. 2006 Re et al. 1999. In order to compare the
nolic compounds from raspberry seeds of three mdiffe fluorescence properties of the extracted bioacteen-
extracts as efficient antioxidants was studied d&amc et pounds, in vitro studies were performed by intdcaciof
al. 2009. The use of blackberry showed also its differeptotein with flavonoids. Human serum albumin idet
properties: blackberry administration minimized ttuxic drug carriets protein and serves to greatly amplify the
effects of fluoride (Hassan and Abdel-Az910. Berries capacity of plasma for transporting drugs. It isefesting
contain powerful antioxidants, potential allergeaisd other to investigate in vitro how this protein interacigth
bioactive compounds (Battino et &1009. Anthocyanins flavonoids extracted from berry samples in orderget
are water-soluble plant pigments that have importanc- useful information of the properties of flavongidotein
tions in plant physiology as well as possible Heaffects complex. Therefore the functional properties of ewn
(ValchevaKuzmanova et al2005 Wu et al.2006. Antiox- kind of berry were studied by the interaction ofteva
idant capacity and phenolic compounds (phenolidsaeind polyphenol extracts with a small protein such asit®
anthocyanins) of four berry fruits (strawberry, G#teon serum albumin (BSA) (Zhang et &009. The advanced
berry, raspberry, and wild blueberry), chokecheanyl sea- analytical methods such as 3D-FL and FTIR speotrosc
buckthorn were compared (Li et &009. Different py were applied in this research.
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As far as we know no results of such investigativase
published.

Material and Methods
Reagents

6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxyliccica
(Trolox), 2,2-azino-bis (3-ethylbenzthiazoline-6i{fsnic
acid), 1,1-diphenyl-2-picrylhydrazyl, Foli€iocalteu
reagent, urea, catechin, C4®PH,0, 2,9-dimethyl-1,10-
phenanthroline (neocuproine), and lanthanum (lhlpdde
heptahydrate were purchased from Sigma Chemical $1o.
Louis, MO, USA. All reagents were of analytical dea
Deionized and distilled water was used throughout.

Samples

Chilean“Murtilla”, “Murta” (U. molinaeTurcz) and“Myr-
teold’ berries Myrtaceae Myrteola nummularia(Poiret)
Berg.), Chilean and Polish blueberri&&aé¢cinium corymbo-
sum, raspberriesK. idaeuy, and black chokeberrfonia
melanocarpa were investigated‘Myrteola” nummularia
(Poiret) Berg.Myrtaceae (Daudapo) is distributed geo- | <
graphically from Valdivia to Magallanes. The frigtedible.
The fruits were harvested at their maturity stage ‘@Viur-
tilla” and“Myrteola” berries were in two stages of ripenin
“Myrteold” ripe was harvested in May 2008Myrteola”

Fig. 1 Chilean berriesa “Myrteola”, b “Murtilla”

gé h. The polyphenols were determined by Folin-Cieca
. . : : thod with measurement at 750 nm with spectrophoto
non-ripe was harvested in February 2010, in Chifddur- me .

P y I(?]ter (Hewlett-Packard, model 8452A, Rockville, USAhe

tila” non-ripe was collected in Puerto Varas, Chile, M _its were exor d milliarams of aali div
February 2010 (Figl). Arandano (blueberries) and raspbe[—esu S Were expressed as grams of galic amaiva-

ries were purchased at the local market in Chili@hile; ents (GAE) per gram of DW (Singleton et aB99. Fla-

. . 0 0
and blueberries and chokeberries were purchashé &bcal VOZOIldi;l :\alxt(r:)chted with 5 % l\;aNDIlOO % AI_?}%XGHZS
market in Warsaw, Poland. For the investigatior frepli- an aOH, were measured at 510 nm. The extcts

cates of five berries each were used. Their eqibhts were condensed tannins (procyanidins) with 4 % methamall-

prepared manually without using steel knives. Trepared lin solution were measured at 500 nm. (+)-Catesinved

berries were weighed, chopped, and homogenized runige @ stan(_jard fo_r flavonoids, and the resul_ts wgpeessed
liquid nitrogen in a high-speed blender (Hamiltoeagh as catechin equivalents (CE). Total ascorbic a@d deter-

Silex professional model) for 1 min. A weighed pamt mined by CUPRAC assay (Ozyurek et 2007 in water
(50-100 g) was then lyophilized for 48 h (Virtis model- extract (100 mg of lyophilized sample and 5 ml ddter).
324), and the dry weight was determined. The s bre The absorbance of the formed bis (Nc)-copper (Blate

ground to pass through a 0.5-mm sieve and store?0atC ~ Was measured at 450 nm. The total anthocyanins were
until the bioactive substances were analyzed. measured by a pH differential method. Absorbances wa

measured in a Beckman spectrophotometer at 510nun a
Determination of Bioactive Compounds and Antioxidan ~ at 700 nm in buffers at pH 1.0 and 4.5, using ti®Wing
Activity equation: A 0 [(Asi0A700) pH1.0(As10A700) pHa.g-
Results were expressed as milligrams of cyanidin-3-
The contents of polyphenols, flavonoids, anthoaysnand 9lucoside equivalent (CGE) per gram of DW (Chengd an
ascorbic acid in water extracts of the studied sasnpere Breenl99. _
determined as previously described (Gorinstein.e2@09. 1he AAwas determined by three assays:
Phenols were extracted from lyophilized berrieshwiater . 2 2-Azino-bis (3-ethyl-benzothiazoline-6-sulforicid)

(concentration 25 mg/ml) at room temperature twicgng diammonium salt (ABTS method for the screening of
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antioxidant activity is reported as a decolorizatiassay
applicable to both lipophilic and hydrophilic antio
dants, including flavonoids, hydroxycinnamates, otsr
noids, and plasma antioxidants. The influences ath lthe
concentration of antioxidant and duration of reacton the
inhibition of the radical cation absorption are eakinto
account when determining the antioxidant activigTS ™
radical cation was generated by the interacténABTS (7
mM/L) and KS,Og (2.45 mM/L). This solution was

Chemometrical Processing

Samples with different concentrations of berry wate
extracts (1, 2.5, 5, 10, 15, 20, and 30 mg/mL) vesralyzed
by DPPH antioxidant activity assay (Ozgen et28l06. In
the kinetic studies two variables were used: thenge in
the concentration of the samples and the changenm of
the reaction with scavenging radical: 1, 10, 30, &Ad
90 min. The DPPH datauihol Trolox equivalent TE)/g

diluted with methanol until the absorbande the samples DW) set consisted of a 25x7 matrix in which rowgresent

reached 0.7 at 734 nm (Re etl#99.

the different extract concentrations and columre ghven

Cupric-reducing antioxidant capacity: This assay kerry species. Basic chemometric characterizatibrthe
based on utilizing the copper @heocuproine [Cu investigated berry extract samples according tar tigility
(IN-Nc] reagent as the chromogenic oxidizing agernb reduce the DPPH was carried out by summary,rigesc
The absorbance at 450 nm was recorded againdtva (normal probability, box/whisker, and dot [ptstatis-

reagent blank (Apak et &004).
1,1-diphenyl-2-picrylhydrazyl antioxidant activiygsay

tics and multisample median testing using the stiaéil
program Unistat® (London, UK).

(Ozgen et al2006 was used for kinetic studies with

extracts of different berries.

Fluorometry and Fourier Transform Infrared SpeStadies

Extraction of Phenolic Compounds for MS

The lyophilized samples of berries (1 g) were estad with
100 mL of methanol/water (1:1) at room temperatmd in

Two dimensional (2D-FL) and three dimensional (3D-F darkness for 24 h. The extracts were filtered iBughner
fluorescence measurements were done using a mdtlel fiinnel. After removal of the methanol in a rotamaporator

6500, Jasco Spectrofluorometer, serial N2613323nldguo-
rescence emission spectra for all berries samplascancen-

tration of 0.25 mg/ml in water were taken at enissi

wavelength (nm) of 330, and recorded from wavelerajt
265 to a wavelength of 310 nm, at emission wavétengf
685 nm from 300 to 750 nm; and at excitation of B60from

at a temperature below 40 °C, the aqueous solutamthen
freeze-dried. These extracts were used for MS.

MS AnalysisA mass spectrometer, a TSQ Quantum Access
Max (Thermo Fisher Scientific, Basel, Switzerlamd)s used.
Analytes were ionized by electrospray ionoizatinrpositive

370 to 650 nm. Catechin was used as a standard=L3Dmode. Vaporizer temperature was kept at 100 °Gingstfor

spectra of the investigated berries extracts welteated with
subsequent scanning emission spectra from 2500taTEat
1.0 nm increments by varying the excitation wavgllbrirom
230 to 350 nm at 10 nm increments. The scanningdsp@s
set at 1,000 nm/min for all measurements. All measents
were performed with emission mode and with intgnsj to
1,000 (Wulf et al2005 Zhang et al2009. All solutions for
protein interaction were prepared in 0.05 mol/LsTHiCI
buffer (pH 7.4), containing 0.1 mol/l NaCl. Thedlrconcen-
tration of BSA was 2.0xI0 mol/L. All solutions were kept

the ion source were as follows: spray voltage 3\00gheath
gas pressure 35 AU; ion sweep gas pressure 0 Atiliaay
gas pressure at 30 AU; capillary temperature at °ZQ0and
skimmer offset 0 V (Gémez-Romero et2011).

MTT Assay
Anticancer activity of water extracts of the stutlieerries

on human cancer cell lines (Calu-6 for human pulangn
carcinoma and SNU-601 for human gastric carcinonek

in dark at 84 °C. The BSA was mixed with catechin. Theneasured using MTT (3-(4, 5-dimethylthiazol-2-y|)-8-
samples were mixed in the proportion of BSA: exbacl. diphenyltetrazolium bromide) assay. The cell lingsre
Denaturation with 2.4 M and 4.8 M urea was caroetlas purchased from Korean Cell Line Bank (KCLB) for MTT
well. The samples after the interaction with BSAevlyoph- assay. Cells were grown in RPMI-1640 medium at G7 °
ilized and subjected to FTIR. under 5 % CQ®in a humidified incubator. Cells were har-
The presence of polyphenols in the investigatedidser vested, counted (3x4@ells/mL), and transferred into a 96-
samples and the interaction between polyphenolsemd well plate, and incubated for 24 h prior to theifidd of test
vine serum albumin was studied by Fourier transforfra- compounds. Serial dilutions of test samples werpared
red spectroscopy. A Nicolet iS 10 FT-IR Spectrometpy dissolving compounds in water followed by ditutiwith
(Thermo Scientific Instruments LLC, Madison, WI, 85 RPMI-1640 medium to give final concentration at 28,
with the smart iTR" ™ (attenuated total reflectance)l00, 200, 400, and 800 and 1,@pmL"". Stock solutions
accessory was used to record IR spectra (Singlli2009.  of samples were prepared for cell lines apB@&nd samples
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at 10 uL, and incubated for 72 h. MTT solution @t comparable with AA of“Murtilla” non-ripe (Fig.2c). As
mg mL" was dissolved in 1 mL of phosphate buffer was calculated, a very good correlation was fouetivéen
solution, and 1QuL of it was added to each of the 96 wellshe antioxidant activity and the contents of tqialyphenols
The wells were wrapped with aluminum foil and inatétl and other bioactive compound® from 0.96 to 0.83) in water
at 37 °C for 4 h. The solution in each well contaghmedia, extracts. Flavonoids showed lower correlation. Theelation

unbound MTT, and dead cells were removed by suctith

between the antioxidant activity and ascorbic égiigl. 1¢ and

150 yL of DMSO was added to each well. The plates wesgwas lower than with polyphenoB4from 0.84 to 0.50).

then shaken and optical density was recorded wsingcro
plate reader at 540 nm. Distilled water was usepasstive
control and DMSO as solvent control. Controls aachgsles
were assayed in duplicate for each concentrati@hrapli-
cated three times for each cell line. The cytotibxievas
obtained by comparing the absorbance between thplea
and the control (Heo et &007).

Anticancer Activity

It was observed that the percentage of prolifeitgtiof the
water extracts of berries samples on two cell liigg. 2d,
Calu-6 for human pulmonary carcinoma and Fig. SNU-
601 for human gastric carcinoma) were differente ino-

liferativity (%) for concentrations of 1,500g/mL for water
extracts of“Murtilla” on Calu-6 and SNU-601 were 41.76
and 42.12 %, respectively, and fokurtilla-like” were
To verify the statistical significance, mean + Sb five 73.43 % and 71.23 % on Calu-6 and SNU-601, showing
independent measurements were calculated. Diffegehe- the higher antiproliferative activity éMurtilla” in compar-
tween groups were tested by two ways ANOVA. In theon with all other samples. Our investigation shdwihat
assessment of the antioxidant activity, Spearmareledion antioxidant activity of the studied samples wasrelated
coefficients R) were used. Linear regressions were algg@th their antiproliferative activity directly: thaaighest an-
calculatedP values of <0.05 were considered significant. tioxidant activity was matching the highest antlifevative
activity.

Statistical Analyses

Results Fluorometric Data

Bioactive Compounds Fluorometric data showed the characterization ohdiive
compounds in different berries with their specifigores-
The results of the determination of the contentsttid cence intensity and the location of the main pead#t #s
bioactive compounds in all studied samples are samized shift. In addition the quenching ability of bioaeti com-
in Fig. 2a As can be seen, the significant highest confént (pounds in extracts was compared with pure catelshithe
0.05) of polyphenols, flavonoids, anthocyanins, asdorbic interaction with BSA in the presence of urea. ThD &L
acid was in‘Murtilla” non-ripe sample (84.81+3.9 mg GAE/gwas used to determine the peak situation and ttterpi of
11.47+0.6 mg CE/g, 16.7+0.9 mg CGE/g, and 9.12800/9, the full peak. The 2-D FL was used for the detegtiom of
respectively, Fig.2a and . Only the content of antho-the fluorescence properties and for the changéeénfitio-

cyanins (Fig.2b) was significantly higher R<0.05) in
blueberries from Poland (323.2+16.1 mg CGE/qg). ftiew-

ing order of the value of polyphenols was obtai(ied. 2a):

“Murtilla” non-ripe (MNR) >Aronia (ARON) > Polish blue-
berry (POLBB) > Chilean blueberry (CHBB)“Murtilla-like”

non-ripe (M-LNR) > raspberry (RASB) *Murtilla-like” ripe

(M-LR).

Antioxidant Activity
The results of the determination of the level oficxidant

activity of all studied samples are shown in thg Et. As can
be seen, the AA of Murtilla non-ripe as determibgdABTS

rescence intensity.

In three-dimensional fluorescence spectra and conto
maps of berries one main peak can easily be oldérve
water extracts at the location &f em/ex 340/275 nm in
“Murtilla-like” non-ripe with fluorescence intensity (FI) of
680 and the average second peak at em/ex 430/3Mithm
F10480; and one very small peak at em/ex 620/280 riim wi
FI 80 (Fig.39). “Murtilla-like” ripe (Fig.3b) showed nearly
the same two peaks at em/ex 330/280 nm with intteio$i
507; and the second peak at em/ex 420/310 nm with F
400; one very small peak at em/ex 620/280 nm witbd=
The difference was only in a small shift in the ead the
ripe sample and higher fluorescence intensityMfirtilla”

and CUPRAC assays was 620.74+30 and 60022 on-ripe samplé:Murtilla” non-ripe (Fig.3c) showed only

pmol TE/g, respectively) was significantly higherath in

one main peak dat em/ex 420/320 nm with BBOO; rasp-

other studied berriesP€0.05). The antioxidant activity ofberry (Fig.3d) showed the following peaks: an average one
blueberries was higher than that of raspberriesi anat1 em/ex 290/280 nm with BR00, and a small one at
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Fig. 2 a Total polyphenols Rolyphen mg GAE/g) and flavonoids catechin equivalentCGE cyanidin-3-glucoside equivalerABTS2, 2-
(FLAVON mg CE/g);b anthocyanins ANTHOGC mg CGE/g) and azino-bis (3-ethyl-benzothiazoline-6-sulfonic acidlgmonium salt,
ascorbic acid ASCA mg/g); ¢ antioxidant activities (MTE/g) by CUPRACcupric-reducing antioxidant capacityE trolox equivalent.
ABTSand CUPRACIN the following berries!Murtilla-like” non-ripe The survival of cells (%) of human cancer cellghefd Calu-6 ande
(M-LNR), Chilean blueberry GHBB), “Murtilla-like” ripe (M-LR), SNU-601 in the presence of water extract§Mbrtilla-like” (Murtilla-
“Murtilla” non-ripe MNR), raspberry RASB, Aronia (ARON, Polish lik); Chilean blueberriesGhilblueh); “Murtilla”, Polish blueberries
blueberry POLBB). Abbreviations GAE gallic acid equivalentCE (Polbluel). Each point represents the mean+8D6()

em/ex 620/280 nm with FI 78. Chilean blueberrieig.(Be) conclusions that 3-D fluorescence can be used asldition-
showed one peak atem/ex 420/325 nm with BU68, and a al tool for the characterization of the polyphemodtracts
small one atl em/ex 640/270 nm with BR7. Aronia  during different stages of ripening and differestries culti-
(Fig. 3f) showed one big peak Atem/ex 420/310 nm with vars correspond with the previous data (Gorinsetdiral.
F10580, and Polish blueberries (Figg) - two peaks: one 2010. The interaction between BSA, urea, catechin, and
small atl em/ex 380/275 nm with BL1, and another bigger berry extract is shown in Figt by the changing of fluores-
one atl em/ex 400/330 nm. There are not too many appli@ence intensity and shift of the main peak. Twdedint
tions of 3D fluorescence spectra, therefore ouls@mé  concentrations of urea were used: 2.4 M at 37 ¥ihgd h
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Fig. 3 Contour maps in

350
three-dimensional fluorescence

of water extracts (2.5 mg/mlof
“Murtilla-like” non-ripe,
“Murtilla-like” ripe, “Murtilla”
non-ripe, raspberry, Chilean
blueberriesAronia, Polish

blueberriesd-g). The 3D-FL
were run emission mode and
fluorescence intensity up to
1,000, emission wavelengths

from 270 to 750 nm and o

excitation wavelengths fro@60
to 350 nm; scanning spew@s
1,000 nm/min, emission
wavelength orx-axis and
excitation wavelength
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and the FI of BSA decreased from 878 to 605 (figand &
Oppositely at 4.8 M urea at the same conditiongnoé and
temperature the Fl of BSA decreased till 97, neduly

Em. Wavelength[nm]

ripe (Fig.5a second line from the top) and BSA (Fkp,
third line from the top). The amide | and amidgdaks of
BSA (Fig. 53 third line from the top) were shifted from

denaturation (Fig4e). Partly the same binding was obtainet},548 to 1,544 cil and from 1,650 to 1,627 ¢mupon
with 2.4 M urea and addition of catechin (FHdp) and water interaction with catechin (Fidpa first line from the top) and

extract of“Murtilla” non-ripe (Fig.4c). The binding of cate-

to 1,552 and 1,630 cthupon interaction witH‘Murtilla”

chin was higher (Figdd, FI0646) than under the same conRon-ripe extract (Fig6a second line from the top). The

ditions of the extract ofMurtilla” non-ripe (Fig.4f, FIO
731.2). The main peak has changed in the regidexdém
of 225230/335 nm.

The decrease of the intensity of the main peak3#A ®ith
berry extract was about 16.7 % in comparison witbatan of
26.4 %. Other berry samples showed the decreaselffoin
8 %. The decrease in the fluorescence intensiteigndicator
of the quenching of berries extracts in interactigin BSA.

Fourier Transform Infrared Spectra Studies

The FTIR spectra of BSA and catechin (Fig, first line
from the top) were compared with BSA dhdurtilla” non-

@ Springer

FTIR wave numbers of catechin (Figy, third line from the

top) shows broad phenolic OH band centered around
3,183 cm', characteristicCO stretching at 1,650 ¢
aromatic bending and stretching around 1,040 and
1,650 cm®, -OH phenolic bending around 1,205 and
1,393 cm*. The FTIR spectra of BSA (Figb, third line

from the top) were compared with BS&ea (Fig.5b, third

line from the top). The amide | and amide Il peak8SA
(Fig. 5b, third line from the top) disappeared under dematu
ation with urea and with urea and addition ‘@dlurtilla”
non-ripe extract (Fig5b, second line from the top). The

phenolic OH corresponding to catechin appeared narou
3,400 cm® for the catechiBSA complex was at
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Fig. 4 Two-dimensional fluorescence spectra illustrateititeraction non-ripe [ower line with FI0604.2) during 1 h at 25 °Gt 0.0132uM
between BSA, catechin, urea, and water extracttunfied berriesa BSA (upper linewith FI of 878), 0.0132uM BSA+30 uM catechin
change in the fluorescence intensity as a resulbinding affinity: during 1 h at 25 °Clgwer line with FI0646); e 0.0132uM BSA+
0.0132 uM BSA [upper line with fluorescence intensity of 877.8];4.8 M urea at O timeupper linewith FI of 686.4), 0.013M BSA+
0.0132uM BSA+2.4 M urea during 1 h at 25 °@iddle linewith FI0 4.8 M urea during 1 h at 25 °@yer linewith Fl of 97);f 0.0132uM
605); 0.0133uM BSA+2.4 M urea+3QM catechin during 1 h at 37 °C BSA (first line from the topwith FI0878), 0.0132uM BSA+50 pg/ml
(lower line with FI0341); b 0.0132uM BSA (upper linewith FI of of water extract of‘Murtilla” non-ripe at O h timesecond line from the
877.8]; 0.0132uM BSA+2.4 M urea during 1 h at 37 °@niddle line top with FI0731.2), 0.0132uM BSA+2.4 M urea+30uM catechin
with FI0600); 0.0132uM BSA+2.4 M urea+50ug/ml of water during 1 h at 25 °Ctliird line from the topwith FIO600); .0132uM
extract of “Murtilla” non-ripe during 1 h at 37 °Qogver line with BSA+2.4 M urea+30uM catechin during 1 h at 37 °Go(rth line
F10525); ¢ 0.0132uM BSA (upper linewith FI of 900), 0.0132uM from the topwith FI0341). Fluorescence intensities are yoaxis and
BSA+2.4 M urea during 1 h at 25 °@niddle linewith FI0605.3); emission wavelengths omaxis Wave] Wavelength)

0.0132uM BSA+2.4 M urea+5Qg/ml of water extract ofMurtilla”

3,188 cm'. Matching between the peaks in the range froextracts, we found that the highest radical scavengffect
4,000 to 400 crit between (BSA + urea “Murtilla” non-  was observed ifiMurtilla” non-ripe andAronia berries with
ripe)/(BSA + urea99.8 %; (BSA + catechin)/(BSA + |Cs, of about 6 mg mt. The potency of radical scavenging
“Murtilla” non-ripe98.05 %; (BSA + catechin)/[BSA  effect of these two extracts was about ten timesitgr than
47.38 %; and (BSA +‘Murtilla” non-ripe)/BSAD48 % in raspberry extract with the lowest antiradicativity. The

(Fig. 5a and b. scavenging activity of the extracts in decreasirtgowas:
Aronia > “Murtilla” non-ripe >“Murtilla-like” ripe > blue-
Chemometrical Processing berry (Chile) >“Murtilla-like” non-ripe 2 blueberry

(Poland) and raspberry (Figb). After the PCA, the dimen-
Chemometrical processing is an additional methoghtow sionality of data was reduced from 15 measuredutzted,
the similarities and the differences in the invgatied berries and partially correlated original variables to thew set of
based on their bioactive compounds. The compan$dhe uncorrelated variablegrincipal components, from which
DPPH antiradical activityymol TE/g DW) of investigated first two components accounted for 91.3 % of thealtot
berries is shown in the Figa, where the highest valuesvariability. These new variables highly correlatéhwthe
were inAronia and “Murtilla” non-ripe. In order to exactly original antiradical descriptors of absorbance irgadnd
compare the quenching ability of the examined bsyrthe inhibition at 60 min in the first principal compame(PC1)
half maximal inhibitory concentration (i), which is the and DPPH scavenging activityrfiol TE/g DW) at 60 and
concentration of the extract that inhibited DPPékfradical 90 min in the second PC. Plot of these PCs (&i shows
by 50 %, was calculated for a widely used scavengifgt very strong clustering tendency among all bevater
reaction time of 30 min shown in Figb. The lower the extracts according to scavenging ability data, batme
ICso value, the higher the radical-scavenging activitghe similarities between fruit groups are evident. @us of
berries. By comparing the igvalue of the berries water Water extracts dAroniaand“Murtilla” non-ripe fruits, both
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with the relatively very high antiradical activitgre well antiradical activity after 1 min of reaction time the most
separated fromi‘Murtilla-like” ripe and rest fruits as welldiscriminant variables. Furthermore, the classifiza ma-
as from raspberries with the lowest antioxidantvaigt A trix gave evidence that the studied water extragése
multiparametric approach of canonical discriminatenal- correct, with 100 % success rate, classified tor tfreiit
ysis (CDA) was carried out in order to evaluateitifeience classes according to their DPPH scavenging ability.

of all DPPH antiradical parameters in the clasatfan and

differentiation of examined water fruit extractcaaing to Mass Spectra Data

their scavenging ability. Main seven fruit speciesre to-

tally and correctly separated into relevant clist&EDA  The spectrum shows the mai'z peaks found in berries
based on the selected antiradical variables inglicdhat (Fig. 7a-d) in water fraction with relative abundance (RA,
the first two significant canonical discriminantnfttions %) from 20 to 100 %. The main peak was about-192,
with eigenvalues > 1, Wills lambda ~ 0, and Chi-squarevhich mostly belongs to ferulic acid (Gémez-Rometal.
test significancd®<0.0001 explained 98.9 % of cumulative011). The RA of the obtained peaks showed the diffegen
variance (first function 93.8 %). Taking into accbuhe in the amount of polyphenol compounds in these $esnp
coefficients of canonical discriminant functionsaf@ not

presented here), the most significant contributediscrim-

ination in the first function was obtained from alisance Discussion

readings and inhibition value in reaction time 3t and in

the second function absorbance reading and inbibith It was of great interest to compaf®urtilla-like” with
time 60 min. The stepwise discrimination found BfePH  “Murtilla” in order to find out if the“Murtilla-like”
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Fig. 6 a Overlap bar chart
comparing the water extracts by A
DPPH antiradical activity

(uM TE/g DW) of investigated
berries A Aronig BP blueberry
Poland,MLR “Murtilla-like”

ripe, RraspberryMN “Murtilla”
non-ripe BCblue-berry Chile,
MLN “Murtilla- like” non-ripe)
according to reaction time
contribution at 110, 30, 60, and
90 min.b ICsbar chart of
DPPH-radicakcavenging
activity in the wateextract of
berries. The lower thiCs, values
the higher antiradieal activity.
Data were performed in
triplicates 603) for areaction
time of 30 min, and in

the range of extract concentra-
tion was from 5 to 30 mg il

= 1 min [ 10 min [ 30 min 160 min M S0 min ]

DPPH [uM TE/g DW]

c Differentiation of the berry &
water extracts by the principal 72
component analysis. Score plot - 64
on the first two components of i 5
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trations: 30, 20, 15, 10, and 8 .
1. H H .
5 mg mr’; reaction times: 1, o N E=
10, 30, 60, and 90 min) Blueberry Poland Raspberry Blueberry Chile
Aronia Murtilla-like ripe Murtilla non-ripe Murtilla-like non-ripe
c s .
Principal Components Analysis
Plot of Principal Components
] o5
5 ! A + MN
) N \9\
(3
o~ 3 ‘\ .1
E ’ 7 ~.MLR
RN
1
1 Z \ 5 .
o Sy
E 1 B e
n o »
-
2 3\ W5
38 4 1

Component 1

bioactivity is on the same level as of origifdurtilla”. polyphenols, anthocyanins, and flavonoids (Batt&toal.
Therefore, the contents of the bioactive compowmds AA 2009 Bowen-Forbes et aR01Q Cuevas-Rodriguez et al.
were determined and compared with the widely comslin?201Q Dai et al.2009. As was declared iffResultg, the
blueberries, red raspberries, and chokeberriesurAber of contents of bioactive compounds (polyphenols, fieids,
reviewed articles showed that the main bioactiven-coanthocyanins, and ascorbic acid) in water extracts de-
pounds determining the nutritional quality of besriare  termined and compared, and the significantly highese
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Fig.7 ESI-MS spectra of water fractions of the followlmyriesa, b, ¢, d “Murtilla-like” non-ripe, Chilean blueberr§Murtilla” non-ripe, Polish
blueberry, respectively, in negative ion mode

in water extract of non-rip&Murtilla”. Also the antioxidant jaboticaba > jussara > puca-preto > acerola > ceamod.
activity according to ABTS and CUPRAC was signifidg When evaluated by the ABTS method, our fruits rahge
higher in water extract of non-ripgMurtilla”. Our results from 6.3 to 153umol TE/g FW and from 16.4 t®,237
were in agreement with others, showing that waxéraets pmol TE/g DW. FRAP values were 11239 and16.1

of blackberries contain high amounts of anthocyar{ibai 2,502 pymol FeSQ/g, respectively. Our data are in
et al.2009. The results show promising perspectives for thgreement with these results. The order of incngaaiti-
exploitation of non-traditional tropical fruit sges with oxidant capacity, measured by the ABTS method, was:
considerable levels of nutrients and antioxidanpacity. umbu < yellow mombin < carnauba < cashew apple <
Our data add valuable information to current knalgke of mangaba < assai < uvaia < java plum < gurguri etjahba

the nutritional properties of tropical fruits, suah the con- < pucé-coroa-de-frade < murta (Pe¥ieira et al.2007).
siderable antioxidant capacity found for acerdéal- Vitamin C of “Murta” was 181 mg/100 g FW (6.98 mg/g
pighia emarginataand camu-camuMyrciaria dubia DW) which is approximately equal to our resultsg(Rb).
(ABTS, DPPH, and FRAP) and for puca-predouriri The anthocyanins were about 143 mg/100 g FW (5.8 m
pusa(all methods).“Murtilla” in comparison with other 18 DW) and this number is lower than our results (Big. The
non-traditional tropical fruits from Brazil has aaverage polyphenols in“Murtilla” were 20.55 mg GAE/g DW and
value of antioxidants (Rufino et a2010. For dry matter this number is lower than our results (Fg). The antiox-
the order observed was: bacuri > carnauba > yatlombin  idant activity gmol TE/g DW) by ABTS was about 166. A
> java plum > umbu > cashew apple > mangaba > assaiositive and significant correlation was found iststudy
murta > gurguri > puca-coroa-de-frade > uvaia >cean  between vitamin C-extractable polyphenols and ABFS
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0.70). Polyphenols and DPPH results expressed tasxian (mg/g FW) were in blueberry 26385, 50, and 2895 and
dant concentrations corresponding to 50 % scavengiag in raspberry - 121, 6, and 99; antioxidant activiymol
tivity were negatively and significantly correlatggf 00.72; Trolox/g FW) for blueberry 14 by ABTS and 25.3 - BPPH
P<0.05); this is due to the fact that the DPPH methields assays (Li et aR009. The result from this study indicated that
inversely proportional results. There was also sitp@ and blueberries had very high ORAC values, and higin¢iox-
significant correlation of polyphenol$€0.05) and ABTS dant capacity than other selected fruits and vetetg\Wulf et
(Rzoo_gz) assay (Rufino et ak010. These data are inal. 2005. The comparison of the results of different sotge

agreement with our results. Our results correspisal with

the research approach of Wu et &0@§, where concen-

trations of total anthocyanins varied considerabiyn 0.7
to 1,480 mg/100 g FW in gooseberriyCareless variety)
and chokeberry, respectively. Total phenolic contand
total anthocyanin content of four berry fruits gstberry,
Saskatoon berry, raspberry, and wild blueberrypkelher-
ry, and seabuckthorn ranged from 22.83 to 131.88 and

3.51 to 13.13 g/kg, respectively, which corresponih our

in Dabai fruit parts (methanol, ethanol, ethyl atetacetone,
and water) and total phenolics, total flavonoidgalt antho-
cyanins, and antioxidant capacity (ABTSand FRAP assays)
were in accordance with our data (Khoo et2il12. The
acetone extract had maximum phenol and flavonoidec
and showed best DPPH free radical scavenging tyctwvid
reducing capacity assessment. Ethyl acetate exttamied
best superoxide radical scavenging activity, whilgieous
extract showed best hydroxyl radical scavengingviagt

results. Our data can be comparable with anothporte (Chanda and Kaneriz012).
(Cuevas-Rodriguez et a2010, where the proanthocyani-n conclusion, the bioactivity of ChilearfMurtilla”

dins (condensed tannins) were present in the b&ackb berries is significantly higher than the bioaciivitf other
fruits. The average anthocyanin concentration wasstudied samples; however, this index in tidurtilla-like”

49.2 mg/g in the commercial cultivar Tupy, while tihe berries is comparable with blueberries and raspseriThe
wild genotypes and the breeding line, the range364s3 antiproliferative properties of the investigatedngées are in
494.9 mg/g (cyanidin &-glucoside equivalent). The proaneorrelation with the antioxidant activity. 3-D fltescence
thocyanidin concentration varied widely among wileno- and FTIR spectroscopy was used as an additionalfaoo
types (417.51,343.6 mg/g CE). Comparison of differenthe characterization of the polyphenol extractsirdudif-

fractions of water extracts from of wild blackbewy chi- ferent stages of ripening and in different berdakivars. It
lensis (Mol) Stuntz (Elaeocarpaceae), corresponded witha necessity of discovering new plant breedind) genetic
our results. Wu et al2006 showed that in chokeberry thestudies of berries with the expression of compoufais
amount of anthocyanins was 1,480 mg/100 g FWman health. The analytical methods used in thigys

(52.54 mg/g DW), for red raspberry- 92.1 mg/100 \y Fcan be applied for any of the food analysis.

(6.48 mg/g DW). Also other authors reported simiksults.

So, Ruiz et al. 2010 found the highest total polyphenol

content in maqui, followed by calafate arfdurtilla”.
Reported high anthocyanin content in calafate berri
berries (17.81+0.98mol g*) are comparable with those

indices found in maqui (17.88+1.18nol g ). The AA of

“Murtilla-like”, blueberries and red raspberries was compéscosa

rable. Also other reported different AA data in feient
cultivars harvested in different seasons (Ruizle2@10.
According to these authors the means of AA for fesda
maqui, and Murtilla were 74.4+15.9, 88.1+21.5J 4d4.7+
2.3 ymol TE/g FW, respectively. Seera@0(0 discussed
also that phytonutrients ranged from fat-solulpeftihilic to
water-soluble/hydrophilic compounds. Conclusions tlire
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Abstract The objective of this study was to evaluate thgsing ESI-MS, FTIR, and radical scavenging assape
antioxidant and binding effects of gooseberry, gsdstud- contents of bioactive compounds and the levelsAEg in
ied berry, and to compare with blueberry and crambim water extracts differed significantly and were thighest in
the model of interaction with human serum albuminater extracts in comparison with other extractslinthe
(HSA). The relationship between the scavenging @rigs investigated berriesP(\ 0.05). Gooseberry water extracts
of dietary polyphenols of the selected berries dmeir contained: polyphenols (mg GAE/g DW)—5.3D.6,
affinities for HSA were investigated by fluorescengnal- tannins (mg CE/g DW)—O0.7% 0.2, anthocyanins (mg
ysis. In order to perform the extraction and idiésdtion of CGE/g DW)—12.0Gt 1.2, ascorbic acid (mg AA/g DW)—
the antioxidants present in the samples, diffetgpes of 5.15+ 0.5, and TACSIMTE/g DW) by ABTS and FRAP
extraction solvents were used, such as water, aibgfate, assays were 15.58 1.6 and 6.51*+ 0.7, respectively. In
and diethyl ether. The polyphenols, tannins, antanms conclusion, the bioactivity of gooseberry was loviean
and ascorbic acid contents, and the total antiotiddlueberries and cranberries. The antioxidant andlibg
capacities (TACs) of the berry extracts were assksy  properties of gooseberries in comparison with widel
consumed blueberries and cranberries can be usahew
source for food supplementation.
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biological activities of these fruits indicate thidweir con-
sumption would be beneficial to health. It was aded that
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over 50 % lipid peroxidation inhibitory activity &0 mg/ was to determine the antioxidant and binding prigsrof
mL. This may be useful in the production of funoib the water extracts of gooseberry in comparison Witke-
foods containing an efficacious dose of anthocyarff). berry and cranberry on the basis of interactiorh vHISA.
The presence of predominantly phenolic compounds far as we know, no results of such investigatiarere
(ellagic and gallic acids, and corilagin) demortstia published.

varying degrees of antioxidative efficacg].[ Cranberries

with high content of polyphenols have been assediatith

several cardiovascular health benefds Borges et al.§] Materials and methods

identified the content of bioactive compounds iffedent

berries. A complex spectrum of anthocyanins was tReagents

major contributor to the TAC of blueberries, wherdhe

lower TAC of cranberries was due mainly to reducetHydroxy-2,5,7,8-tetramethylchroman-2-carboxylic cidca
anthocyanin content. Vitamin C was responsible 8+ (Trolox), caffeic acid, 2,2-azino-bis (3-ethylbezzo-
23 % of the TAC of cranberries and did not contebtg line-6-sulfonic acid) (ABTS), Folin—Ciocalteu reage
the TAC of the blueberry extracB][ Puente et al.g (FCR), lanthanum (Ill) chloride heptahydrate; Cu€l
studied the physicochemical and nutritional prdpertof 2H,O; and 2,9-dimethyl-1,10-phenanthroline (neocupro-
the Physalis peruviand.. fruit and their relation of active ine); FeC4 9 6H,O were purchased from Sigma Chemical
components with beneficial effects on human hedfthe Co., St Louis, MO, USA. 2, 4, 6-TripyridyHriazine
food industry has used cape gooseberry in diffemntj- (TPTZ) was from Fluka Chemie, Buchs, Switzerlandl. A
ucts including beverages, yogurts and jams, nuttaczd, reagents were of analytical grade. Deionised arstlldd
and pharmaceutical industrieg, [8]. All the evaluated Water was used throughout.

gooseberries extracts presented detectable amouoits

phenolic, flavonoid, and tannin. Different extracti Samples

procedures reported in the literature and used xtcad

antioxidants in fruit were compared and analyz@d1p]. Cape gooseberrieljysalis peruviang blueberries \(ac-
In our recent research, polyphenols, flavonoidayzhols, Cinium corymbosujn and cranberriesVaccinium macro-
and tannins and the level of antioxidant activity ABTS, carpor) were investigated. All berries were purchased at
FRAP, and CUPRAC radical scavenging assays of melfe local market in Gdansk and Warsaw, Poland. tRer
anol extract of studied berry samples were detezthiand investigation, five replicates of five berries eagére used.
compared. It was found that the contents of thgpiwnol Their edible parts were prepared manually withosing
compounds and the level of antioxidant activityeixtracts steel knives. The prepared berries were weigheoppd,
of berries differ significantly 71]. We were interested toand homogenized under liquid nitrogen in a highespe
investigate extracts of gooseberBhsalis peruvianaand blender (Hamilton Beach Silex professional nipder 1
to compare its composition with the widely consumddin. A weighed portion (50-100 g) was then lyopzat for
berries. The water extracts of berries are imporfeom 48 h (Virtis model 10-324), and the dry weight was
the point of tea consumption all year around, adiatsif the determined. The samples were ground to pass thraugh
season of growing. To meet this aim, the contefitsi@ 0.5 mm sieve and stored -&0° C until the bioactive
active compounds (polyphenols, tannins, anthocgarand Substances were analyzed.

ascorbic acid) and the levels of total antioxideapacities

(TAC) were determined and compared. Two radical-scd etermination of bioactive compounds and total

enging assays ABTS and FRAP were carried out ieral antioxidant capacity (TAC)

determine the TAC12, 13]. Human serum albumin is the

drug carrier's protein and serves to greatly argptiie The contents of polyphenols, tannins, anthocyanars)
capacity of plasma for transporting drugs. In order ascorbic acid in extracts of the studied berriesrewe
compare the fluorescence properties of the exulabie- determined as previously describetb][ The lyophilized
active compounds, in vitro studies were performed Bamples of berries (1 g) were extracted with 100 ofL
interaction of proteins with polyphenols. It iséngsting to Methanol/water (1:1) at room temperature and irkruzss
investigate in vitro how this protein interacts iv\”poiy_ for 24 h. The extracts were filtered in a Buchnenrfel.
phenols extracted from berry samples in order tougeful After removal of the methanol in a rotary evaporadb a
information of the properties of polyphenol-proteiom- temperature below 40°C, the aqueous solution was
plex. Different aspects of berries phenolics attivivere extracted with diethyl ether and ethyl acetate, i, the
studied in individual papers$10, 14], but complex study remainder of the aqueous solution was freeze-dfiduk
in this matter is missing. Therefore, the aim dé tstudy  organic fractions were dried and redissolved inhaeol.
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These extracts were used for MS, for detertiinaof samples as the appropriate reagent blank. The -absor
bioactive compoundsLp]. bance was measured at 595 rif][

The polyphenols were determined by Folin—Ciocalteu

method with measurement at 750 nm with spectrop
tometer (Hewlett-Packard, model 8452A, Rockvile, AYS
The results were expressed as mg of gallic acidvalgunts

(GAE) per g DW 7). The extracts of condensed tannins Two-dimensional (2D-FL) fluorescence measuremeats f

r nidins) with 4 % methanol vanillin solution . .
(procyanidins) wit o met anot va solutionere all berries extracts at a concentration of 0.01mhgivere
measured at 500 nm?){Catechin served as a standard far
. .. recorded on a model FP-6500, Jasco spectrofluosymet
flavonoids, and the results were expressed as hiatec

equivalents (CE). Total ascorbic acid was deterthibg serial N261332, Japan, equipped with 1.0 cm quee_etls.
CUPRAC assay1[f] in water extract (100 mg of ch)phi_and a thermostat bath. The 2D-FL was taken at @miss
wavelengths from 310 to 500 nm, and at excitatar295

lized sarr_1p|e and 5 ml of water). The absorbancdhef nm [L1]. Caffeic acid was used as a standard. Al
formed bis (Nc)-copper (I) chelate was measureéd58 : - . )
sﬂutlons for protein interaction were prepghria 0.05

nm. The total anthocyanins were measured by a ol/L Tris—HCI buffer (pH 7.4), containing 0.1 mbl/

differential method. Absorbance was measuia a NaCl. The final concentration of HSA was 2.0%1@ol/L.

Beckman spectrophotometer at 510 nm and at 700mmI'he HSA was mixed with caffeic acid in the propomnts of
buffers at pH 1.0 and 4.5, using = [(Asi-Aod) pH1.o HSA: extract= 1:1 [14, 21, 22]. The presence of poly-

(Asig-Azod prad. Results were expressed as mg of “¥henols in the investigated berries samples wasiestiby

anidin-3-glucoside equivalent (CGE)/g of DU Fourier transform infrared (FT-IR) spectroscopyNfcolet

MS analysis: A mass spectrometer, a TSQ Quant L
Access Max (Thermo Fisher Scientific, Basel, Sw'rtze%tg]10 FT-IR Spectrometer (Thermo Scientific Instants

; ; T ATR
land), was used. Analytes were ionized by electaysp --C: Madison, WI, USA), with the smart iTR
ionization (ESI) in positive mode. Vaporizer tengtere (Attenuated Total Reflectance) accessory, was used

was kept at 100C. Settings for the ion source were arsecord IR spectra2fy.

follows: spray voltage 3,000 V, sheath gas pres8&6rauU;

ion sweep gas pressure 0 AU; auxiliary gas pressu@d
AU; capillary temperature at 200C; skimmer offset 0 V
[20.

The TAC was determined by two assays:

I]ﬂhorometry and Fourier transform infrared (FT-IR)
spectra studies

Statistical analyses

To verify the statistical significance, meanSD of five

independent measurements were calculated. Differenc

between groups were tested by two-ways ANOVA. la th
2, 2-Azino-bis  (3-ethyl-benzothiazoline-6-sulfonic assessment of the antioxidant capacity, Spearmemelao
acid) diammonium salt (ABTS$ method for the tion coefficients R) were used. Linear regressions were

screening of antioxidant activity is reported as a&so calculated.P-values of \0.05 were considered

decolorization assay applicable to both lipophiknd significant.

hydrophilic  antioxidants, including flavonoids, hy-

droxycinnamates, carotenoids, and plasma antioanitsd

The influences of both the concentrationamitioxidant and Results

duration of reaction on the inhibition

of the radical cation absorption are taken intooaot Bioactive compounds

when determining the antioxidant capacity. ABT&adical

cation was generated by the interaction of The amounts of bioactive compounds in all studiaths
ABTS (7 mM/L) and KS,0g (2.45 mM/L). This ples are summarized in Tahleand Fig.1. As can be seen,
solution was diluted with methanol until the absothe significant highest contentP (\ 0.05) of bioactive
bance in the samples reached 0.7 at 73418 [ compounds was in blueberries water extract. Googebe

Ferric-reducing/antioxidant power (FRAP) assay meghowed average results in water extracts for pagpls,
sures the ability of the antioxidants in the inigetied  tannins, anthocyanins, and ascorbic acid (TablEig. 1).
samples to reduce ferric-tripiridyltriazine (&PTZ)
to a ferrous form (P FRAP reagent (2.5 mL of a 10Total antioxidant capacity (TAC)
mmol ferric-tripiridyltriazine solution in 40 mmoHCI

plus 2.5 mL of 20 mmol Fe&H,O and 25 mL The results of the determination of the level of OTAf all
of 0.3 mol/L acetate buffer, pH 3.6) of 900was studied samples are shown in TafhleAs can be seen,
mixed with 90IL of distilled water and 3L of berry the TAC (MTE/g) by ABTS and FRAP assays for
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Table 1 Bioactive compounds and antioxidant capacitiesatew ethyl acetate, and diethyl ether extractgooseberriesRhysalis peruviana
cranberries\{accinium macrocarpgnand blueberriesvaccinium corymbosum

Extracts Indices

POLYPHEN, mg GAE TANNINS, mg CE ABTS, IM TE FRAP,IM TE
Goberry, HO 5.37+0.6° 0.71+0.% 15.53+1.6° 6.51+0.7
Crberry, HO 22.13+2.58 5.12+ 0.7 72.76+6.5° 26.97+2.7
Blberry, HO 46.56+ 4.2 13.04+1.3%0.31 199.41+18.6'1.47 94.10+ 9.3 0.42
Goberry, EtOAc 0.2¢+0.1° +0.1 +0.2 +0.1¢
Crberry, EtOAc 3.14+ 0.4 0.51+0.1° 13.50+ 1.3 5.10+ 0.6°
Blberry, EtOAc 3.87+ 0.4 0.62+0.2% 17.73+ 1.8 7.53+0.8
Goberry, DEE 0.14+ 0.0 0.30+ 0.1 0.88+0.1° 0.084+0.01°
Crberry, DEE 2.11+ 0.2 0.32+0.1¢ 10.72+ 1.8 3.28+ 0.4
Blberry, DEE 4.13+ 0.4 0.62+ 0.3 20.42+2.F 9.59+ 0.9

Values are meah SD of 5 measurements
Per g dry weight
Values in columns for every bioactive compound bepdifferent superscript letters are significardifferent @\ 0.05)

POLYPHENpolyphenols,CE catechin equivalentGAE gallic acid equivalentABTS2, 2-Azino-bis (3-ethyl-benzothiazoline-6-sulforacid)
diammonium salt,FRAP Ferric-reducing/antioxidant poweiGoberry gooseberries Rhysalis peruviang Crberry cranberries {accinium
macrocarpo, Blberry blueberries Yaccinium corymbosumEtOAcethyl acetateDEE diethyl ether

400 25 Mass spectra data
H==JANTHOC

350 1 [

=The spectrum shows the maimz peaks found (Fig2a, b,
@;) in water extract of berries with relative abance (RA %)
<rom 5 to 100 %. The main peaks were about 383, and 290
115 §or cranberries, gooseberries, and bluebertiespectively 20].
other peaks appeared for cranberry at
,%35 (87 %), for blueberries at 241 (70 %), for cranbend
- 10 %Iueberry were found at 104 with RA40 %, andRA = 66
P%. Common peaks at 266 of 50 % and 32w@ére in
Fgooseberries and cranberries, respectively. Thkspefall6 (45
T° 26), of 146 (25 %), and 219 (32 %) weestimated only in
$ooseberries. The RA of the obtained
TR o Pbeaks corresponded with the amount of total polgplse
Blberry contents in these samples.

300 +

250 +

200 +

=

150 +

100 +

50 +

Amount of ANTHC, ug CGE/g DW

0
Goberry

Samples of berries

Fig. 1 Total anthocyaninslg CGE/g DW) and vitamin C (mg AA/gFluorometry spectra studies and FTIR
DW) in gooseberries, blueberries and cranberr@SE cyanidin-3-
glucoside equiv_alent,AA ascorbic_ acid, Goberry gooseb_erries, Water extracts showed the highest antioxidant ptigse
\(;Ir_t;ecgry _(t:ranbe(r:rles,Blberry blueberries, ANTHOC anthocyanins, therefore, only water extracts were subjected todib
 vamin studies with HSA. The scavenging properties of likeries
samples in comparison with caffeic acid are shomvimio-
gooseberries was 15.58 1.6 and 6.51* 0.7, respec- dimensional fluorescence spectra (2D—FL). One efrttain
tively. The TAC of blueberries was higher than tludt peaks for HSA was found at kex/em of 220/360 rthe
gooseberries and cranberries. A very good coreglatvas second main peak appeared for these samples aekerf
found between the TAC and the contents of totalypopgo/350 nm (Fig.3b—d). The interaction of HSA anthe
phenols R from 0.96 to 0.83) in water extracts. Th@ater extracts of berries, HSA, water extracts aaffeic
correlation between the antioxidant capacity andodBc acid (Fig.3b—d) showed slight change in the posibn of
acid (Fig.1) was lower than with polyphenol&{ from  the main peak at the wavelength of 360 nm and #ueedse
0.84 to 0.50, Tabl4). in the relative fluorescence intensity (RFI). The
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upper line is HSA). The addition of blueberry egtsaand
caffeic acid decreased the RFI of HSA (Ftp, lines from
the top to the bottom). The decrease in the RFI \#a}
proportional to the concentration of the polyphenahd
showed 23.3, 58.3, and 67.5 during interaction @f 200,
and 2001lg/mL blueberry water extract with HSA. Oppo-
sitely, in the case of addition of caffeic acide thecrease
was of 29.0, 71.1, and 73 %, respectively. Cranberry
extracts showed the following results (FRg): HSA with
20 1g/mL decreased the RFI on 12.5 % and G23.1 %;
with 1001g/mL 28.5 % and CaA42.4 %; and with
2001g/mL of extract decreased the RFI on 35.9 % and
with CaA on 47.7 %. Gooseberry extracts showed dsere

s00 in fluorescence (Fig.3d): with 20 lg/mL on 3.1 % and
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Efl-a 27801
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3 M 493.05 590.9
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200 300

m/z

500

addition of CaA-16.2 %; with 100lg/mL on 10.8 % and
22.0 %, respectively; and with 20@/mL on 16.5 % and
with CaA -27.6 %. The decrease in the RFI of HSA with
2001g/mL gooseberry, cranberry, and blueberry extracts
was 16.5, 35.9, and 67.5 %, and when caffeic aca& w
added, the decrease was 27.6, 47.7, and 73 %, tieshec
(Fig 3b-d).

FTIR spectra of water extracts of gooseberries,e-blu
berries, and cranberries (A), ethyl acetate exraof
blueberries, gooseberries, and cranberries (B), diathyl
ether extracts (C) of gooseberries, blueberries, arman-
berries are presented in Fig.(lines from the top to the
bottom). The comparison between the berries, thees,
and some standards in the range of common pealtwisn

in Table2 A, B, C. The best matching in the common
range of the peaks was in water extracts of theidser
samples in the range of 3,300-3,000'c(fiable2 A)

of 75 % with hesperidin and 85 % with tannic acid.
Caffeic acid showed the matching in the range2@&00—
2,000 cnt (Table2 A) of 42 %. In ethyl acetate

extract, similar matching in the range of 3,50098,2m"

of the peaks was found with tannic acid and quarcet
(Table2 B). In the range of 2,400-2,300 ¢rfiTable 2 B),
gallic acid, fisetin, tannic, and caffeic acids wsled

about 70-78 % of common peaks.

Discussion

It was of great interest to compare gooseberriesrder to

goo find out if their bioactivity is on the same levas in other

Fig. 2 ESI-MS spectra in positive ion mode of water frawsi of the
following berries:a cranberriesh gooseberries; blueberries

widely consumed berries and to use this kind ofiegras a
daily diet supplement. Therefore, the contentshef hioac-
tive compounds and TAC were determined and compared
with the widely consumed blueberries and cranberdes it
was declared in Results, the contents of bioactven-

following changes appeared when the water extrafts pounds (polyphenols, tannins, anthocyanins, andrbic
berries were added to HSA [initially the main peak acid) in three extracts were determined and conparke
emission 360 nm and FI of 904.26 (Fi8a, b, andla, the

significantly highest amounts of bioactive composingre
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Fig. 3 Change in the relative fluorescence intensity (RiRl)two-
dimensional fluorescence (2D-FL) spectra asesult of binding
affinity of HSA, caffeic acid (CaA, 0.79 10° mol/L), and water

520.84, and 472.82 for HSA; HSA and RJmL Crberry, HSA and
20 lg/mL Crberry, and CaA, HSA and 1Q8/mL Crberry, HSA and
200 1g/mL Crberry, HSA and 100g/mL Crberry and CaA, HSA and

extracts of berriesi fluorescence spectra of water extract of HSA 2001g/mL Crberry and CaAd Lines from the top to the bottom with

(2.09 10° mol/L) in the presence of different concentratioofs
CaA 0, 0.17, 0.30, 0.67, 1.0, and 9.710°) mol/L at pH 7.4 at
excitation wavelength of 290 nm (lines from the tmpthe bottom
with RFI of 947.37, 545.49, 509.67, 352.50, 23711%.70) b Lines
from the top to the bottom with RFI of 904.26, 6#8. 640.57,
376.89, 294.08, 261.65, and 244.51 of HSA, HSA afAdg/mL
Blberry, HSA and 20g/mL Blberry and CaA, HSA and 10@/mL
Blberry, HSA and 20Qg/mL Blberry, HSA and 10Qg/mL Blberry
and CaA, HSA and 20@/mL Blberry and Ca/Ac Lines from the top
to the bottom with RFI of 904.26, 791.65, 695.64666, 579.72,

in water extract of all investigated berries, ahd highest
between the investigated berries was in blueberilss, the
TAC according to ABTS and FRAP was significantlglinér
in water extract of blueberries. Our results cqroesl also
with the data of Wu et all], where concentrations of total

RFI of 904.26, 876.48, 806.60, 757.74, 755.29,TD5nd 654.84 for
HSA, HSA and 20lg/mL Goberry, HSA and 100y/mL Goberry,
HSA and 20lg/mL Goberry and CaA, HSA and 206/mL Goberry;
HSA and 100lg/mL Goberry and CaA, HSA and 20@/mL
Goberry and CaAe The linear plot for log (§F)/F versus log
[caffeic acid], where & and F represent the fluorescence intensity of
HSA in the absence and in the presence of caffeid. s\bbrevia-
tions: HSA, human serum albumin; Go, gooseberrybe@y,
cranberry and Blberry, blueberry

anthocyanins varied considerably from 0.7 to 1,4&§
100 g FW in gooseberry (‘Careless’ variety) and k&ho
berry, respectively. Total phenolic content andilt@ntho-
cyanin content of four berry fruits (strawberry,s8atoon
berry, raspberry and wild blueberry), chokecheand
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Fig. 4 FTIR spectra ofa water extracts of gooseberries, blueberries, andbarries from théop to the bottom b ethyl acetate extracts of
blueberries, gooseberries, and cranberries frontoinéo the bottom c diethyl ether extracts of gooseberries, blueberaesl cranberries from
the top to thebottom
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Table 2 Matching of the peaks (%) in the FTIR spectra olfyplenols and standards in water (A), ethyl ace{Bjeand diethyl ether
(C) extracts from

Range of bands 3,300-3,000tm 2,500-2,000 crh 1,800-1,500 crh 1,200-900 cm

Standards Matching of standards/samples (%)

Gob Blb Crb Gob Blb Crb Gob Blb Crb Gob Blb Crb

A
Gallic acid 42 44 42 37 38 38 0 1 1 23 18 20
Ferulic acid 21 22 22 26 28 28 2 2 2 2 0 0
Fisetin 20 20 25 35 37 37 4 4 4 6 6 6
Hesperedin 75 75 75 5 7 7 29 29 29 19 15 15
Tannic acid 85 85 85 41 44 44 6 6 6 17 12 12
Caffeic acid 26 26 25 41 42 42 26 26 26 8 3 7
Quercetin 73 73 73 18 19 19 4 4 4 7 5 5
Range of bands 3,500-3,200 ‘tm 3,000-2,800 cm 2,400-2,300 cm 1,800-900 cril
Standards Matching of standards/samples (%)
Gob Blb Crb Gob Blb Crb Gob Blb Crb Gob Blb Crb
B
Gallic acid 48 51 46 8 9 11 75 73 72 45 46 43
Ferulic acid 22 19 22 15 15 16 57 55 57 15 13 19
Fisetin 17 26 16 10 11 15 71 70 70 17 13 8
Hesperedin 57 55 61 28 23 24 1 1 0 5 4 5
Tannic acid 79 77 78 13 13 15 77 77 78 51 48 57
Caffeic acid 18 15 17 36 39 39 77 75 76 12 16 10
Quercetin 73 72 71 0 6 9 36 34 36 4 6 9
Range of bands 3,300-3,100 tm 3,000-2,800 cm 2,500-2,200 cm 1,800-600 cri
Standards Matching of standards/samples (%)
Gob Blb Crb Gob Blb Crb Gob Blb Crb Gob Blb Crb
C
Gallic acid 50 47 48 12 10 26 61 59 61 30 29 22
Ferulic acid 15 9 31 15 16 4 38 37 37 6 37 9
Fisetin 25 25 22 9 9 4 51 49 51 3 2
Hesperedin 90 87 73 30 27 31 5 5 5 4 4 6
Tannic acid 85 78 75 16 14 27 67 66 67 41 42 32
Caffeic acid 8 3 21 36 37 9 58 58 58 2 3 9
Quercetin 69 65 59 3 3 4 29 28 29 3 1 12

GobgooseberriesBlb blueberriesCrb cranberries

seabuckthorn ranged from 22.83 t0 131.88 g/kg antit®  Our results were in accordance with the studieBadu et
13.13 g/kg, respectively, which corresponds withr oal. [4], based on the high amount of phenolics in cran-
results. A number of reviewed articles showed thatmain berries. As it was mentioned above, Borges et &]. [
bioactive compounds determining the nutritional lifwaof showed that FRAP, vitamin C, and polyphenolic com-
berries are polyphenols, anthocyanins, and flawm{, 4, pounds have similar results, especially in the ti@iahip
23-28]. The high anthocyanin content and biologichketween the anthocyanins which were the major iantr
activities of these fruits indicate that their comption tor to the antioxidant capacity of blueberries, vdas the
would be beneficial to health. The berries may beful in lower TAC of cranberries was due mainly to a reduce
the production of functional foods containing aficaicious anthocyanin content. Vitamin C was responsible 8+
dose of anthocyaning] 23 % of the TAC of cranberries, but did not conttéu
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to the TAC of the blueberry extract. Our results amti- activities with 50 % inhibitory concentration IC(50&lues
oxidant capacity of gooseberry correspond wthente et of 85.8, 33.2, and 16.I0/mL, respectively, for the DPPH
al. [6] and Erkaya et al.2p], who showed that addition ofassay, and 48.1, 83.8, and 51gdmL for the nonenzymatic
gooseberry in the concentration of 15 % to ice creauperoxide radical assay. In our case, the higigixidant
positively influenced the chemical, sensory, ancheral capacity was shown in water; therefore, for bindprgp-
characteristics of the mixture. erties were used only these extrag8#.[The amount of total
The comparison of the results of different solveiis phenolics, anthocyanins, and ascorbic acid varieberries
Dabai fruit parts (methanol, ethanol, ethyl acetatzetone, depending on their maturity and varieties. Our ltsswere
and water) and total phenolics, total flavidsp total in agreement with other8%], who showed the variation in
anthocyanins, and antioxidant capacity (ABTand their composition. The phenolic compounds were &bou
FRAP assays) were in accordance with our dath [The 504 mg/100 g. The biggest quantities of ascorbid aere
acetone extract had maximum phenol and flavonoidt cdound in the ripe berries of “Ben Lear” cultivgd5.8 mg/
tent and showed best DPPH free radical scavengi® g). Based on the data reported by Wolfe and[R&)
activity and reducing capacity assessment. Ethgtaie quercetin had the highest cellular antioxidantwigti CAA)
extract showed best superoxide radical scavengitigitg, value, followed by kaempferol, epigallocatechin |ayz
while aqueous extract showed best hydroxyl radscalv- (EGCG), myricetin, and luteolin among the pure compls
enging activity p]. Our present results correspond with theested. Among the selected fruits testedelidury had
previous ones where the amount of polyphenol comgsu the highest CAA value, followed by cranbefrapple=
and their antioxidant capacities of Murtilla besrievere red grape] green grape. Our results are similar to
significantly higher than in other studied berrigsd are Kusznierewicz et al.37], where the antioxidant activities of
comparable with blueberriesl]]. In our recent research,different blue-berried honeysuckle cultivars wemilar to
Myrteola nummularia Murtilla, blueberries, raspberriesthat of wild-growing bilberries (ranging from 170417
and black chokeberries were comparéd.| Imol TE/g DW in ABTS and from 93 to 16/6nol TE/g DW
It was evaluated that the ability to inhibit LDLidation and in DPPH and Folin-Ciocalteu tests). The major acyaain
total polyphenol content were consistent in clggsg the in the blue-berried honeysuckle was cyanidin-3-gtide,
antioxidant capacity of the polyphenol-rich bevemin the which constituted 84-92 % of the total anthocyanibar
following order: blueberry juicd black cherry juice, acai data can be comparable with another repg#}, [where the
juice, cranberry juicg[ orange juice 39). This order isin proanthocyanidins (condensed tannins) were presetite
agreement with the polyphenol and antioxidant gbitif blackberry fruits. The average anthocyanin conegiotn
blueberry and cranberry data in our investigati®ome was 49.2 mg/g in the commercial cultivar ‘Tupy’ ehin
studies contribute to the pharmacologic knowledge e wild genotypes and the breeding line, the rawgs
Physalis peruvianaegarding a remedy commonly used i361.3-494.9 mg/g (cyanidin 3-O-glucoside equivglent
Colombian traditional medicine3@]. Our results in vitro The proanthocyanidin concentration varied widelyoam
studies were compared with Faria et all][and Hurst et al. wild genotypes (417.5-1,343.6 mg/g CE). Comparisbn
[32], where anthocyanin-derived blueberry extracts ewedifferent fractions of water extracts from wild bka berry
analyzed for the contents of polyphenols, flavospidAristotelia chilensis (Mol) Stuntz (Elaeocarpaceae)
anthocyanins, and anthocyanin-derived pigmentsofAthe corresponded with our results. Also, other autheprted
extracts provided the protection of membranes agaier- similar results 39]. Total phenolics, flavonoids, and antho-
oxyl radicals by increasing the induction time oddation. cyanins (mg/g FW) were in blueberry 261-585, 56:4%5;
This effect increased with the polyphenol contemd avith raspberry 121, 6, 99; antioxidant activiiyol Trolox/g FW
the structural complexity of the anthocyanin-dediveig- for blueberry 14 by ABTS and 25.3 by DPPHEL The
ments of the extracts. Our results are in correspoce with result from this study indicated that blueberriexd very
Burdulis et al. 24], where it was shown that the strongestigh ORAC values and higher antioxidant capacitgnth
antioxidant capacity possesses blueberry cultiBerke-  other selected fruits and vegetables.
ley” (82.13% 0.51 %). Our results about the investigated!In the present report, the best binding abilitytite HSA
berries like cranberries are in full correspondenitd other was with water extracts of berries. It is intenagtithat in
reports that it is an excellent source of high-gyaintiox- Faria et al. 31], the antiradical properties and the reducing
idants and should be examined in human suppleniemtapower of the extracts by using DPPH and FRAP method
studies B3]. Bog bilberry water extracts contained polyrespectively, were in agreement with those obtainéth
phenol, anthocyanin-rich (pigment), and sugar/acat- the liposome membranes. This is in accordance with
tions by using ethyl acetate, acidic methanol (M@@Hd  present data that the binding properties and thiexagant
N HCI. The crude extract and fractions containingapacities are in correlation. A blueberry fruitraxt dis-
polyphenol and pigment exhibited the greatest aitamt played a potent and significant dose-dependenegiige
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capacity as it was shown in fluorescence studieth wReferences

binding with HSA B2. The obtained results by fluores-
cence are in direct relationship with the antiortdarop-
erties of the berries extracts. The synergism ofttive

compounds is shown when to the mixture of HSA and

berries extracts caffeic acid was added. Our vegemt
results showed that the fluorescence is signiflgagtien-
ched, because of the conformation of the HSA chanige
the presence of phenolic acids and berries extradis
interaction between phenolic acids and HSA was stive

gated using tryptophan fluorescence scavenging.erOth
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capacity. 3-D fluorescence and FTIR spectroscopyewe

used as an additional tool for the characterizatbrthe
polyphenol extracts in different berries cultivar$he
analytical methods used in this study can be agpgte any
of the food analysis.
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flavanols, carotenoids, and chlorophyll) was basedradical scavenging spectrophometric
assays and mass spectrometry. The total phengitertowas the highesP€0.05) in water
extract of blueberries (46.6£4.2 mg GAE/g DW). Thghleist antioxidant activities by 2,2-
diphenyld-picrylhydrazyl radical scavenging assay and Cuprducing antioxidant capacity
were in water extracts of blueberries, showing 168.2 and 131.1+9.@MTE/g DW with
correlation coefficients of 0.9918 and 0.9925, byf-carotene linoleate assay at 80.1+6.6 %
with correlation coefficient of 0.9909, respectivelhe water extracts of berries exhibited high
binding properties with human serum albumin in cangon with quercetin. In conclusion,
the bioactive compounds from a relatively new seust gooseberries in comparison with
blueberries and cranberries have the potentiab@d $upplementation for human health. The
antioxidant and binding activities of berries degpen their bioactive compounds.

Keywords Berries Bioactive compound#ntioxidant activity Binding properties

Introduction

It is well known that antioxidants present in vasdruits, vegetables, juices, and wines have
the potential to protect the urinary bladder, pntaholesterol in blood, and protect the liver

from free radical damagé-{3]. The various health benefits of berries are @edumented and

have been attributed mainly to their antioxidamacity. There is a growing public interest for
cranberry, blueberry, and relatively new goosebassya functional food because of the
potential health benefits linked to phytochemicainpounds 4] responsible for secondary
plant metabolites (flavonols, flavan-3-ols, proamyanidins, and phenolic acid derivatives).
Several different mechanisms have been proposedpiain the possible role of cranberries,

blueberries, and gooseberries in the preventi@ttarosclerosigi-6].

Fractions responsible for the antioxidant action evefentified and seem promising for
phytomedicinal development][ Recent advances have been made in scientifierataohding

of how berries promote human health and preveminabillnesses such as some cancers, heart
disease, and neurodegenerative dise&ds [fact, 90-day and 48-h stability of the blaekty
extract in biologically relevant buffers has beeweistigated in studieQ]] Blackberry
administration could minimize the toxic effectsflforide, indicating its free radical scaveng-
ing and potent antioxidant activities. The induaeddative stress and the alterations in
antioxidant system were normalized by the oral adstmation of 1.6 g/kg body weight of
blackberry juice 10]. Consumption of cranberries is known to exertitp@s health effects,
especially against urinary tract infections. Cranp&as investigated as a chemotherapeutic
agent LL1]. For this reason, presumably, they are used Ik foedicine [L2]. Physalis
peruviana(PP) is a widely used medicinal herb for treatingaer, malaria, asthma, hepatitis,

dermatitis, and rheumatisni3-16]. Kusznierewicz et al.1[7] analyzed different Polish
cultivars of blue-berried honeysuckles and wild dady bilberry for bioactive compounds.
Potential benefits of polyphenolic compounds fraspberry seeds of three different extracts
as efficient antioxidants were studietB][ Infusions ofUgni molinaeTurcz, also known as

“Murtilla”, have long been used in traditional native hembedlicine L9 and investigated as
well. However, the mechanisms behind the functiohderries with proteins are poorly
understood. The interactions between polyphensisgaally flavonoids and plasma proteins,
have attracted great interest among researchens.pkpers, however, have focused on the

structureaffinity relationship of polyphenols on their affies for plasma proteing[20, 21],
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especially from berries. We were interested to stigate relatively new kind of cape goose-
berries P. peruviana and to compare its composition with that of thielely consumed

blueberries and cranberries. To meet this aimctiments of bioactive compounds (polyphe-
nols, flavonoids, flavanols, carotenoids, and apbylls) and the level of antioxidant activity
(AA) were determined and compared. In order to wecegliable data, AA was determined by

three assays: CUPRAC, DPPH, afiecarotene linoleate model syster#2f24]. Human

serum albumin is the drug cartierprotein and serves to greatly amplify the capaoft
plasma for transporting drugs. It is interestingnieestigate in vitro how this protein interacts
with flavonoids extracted from berry samples in ortie get useful information of the

properties of flavonoieprotein complex. Therefore, the functional progsrtof a new kind
of berry will be studied by the interaction of wapmlyphenol extracts with a small protein
such as HSA, using 3D-FL. As far as we know, no resoft such investigations were
published.

Materials and Methods
Chemicals

6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylicida (Trolox), 1,1-diphenyl-2-
picrylhydrazyl (DPPH),B-carotene, linoleic acid, quercetin, human seruburaln, Tris,
tris(hydroxymethyl)aminomethane, FoliDiocalteu reagent, lanthanum (lIl) chloride
heptahydrate, Cugi2H,0, and 2,9-dimethyl-1,10-phenanthroline (neocupjoivere pur-
chased from Sigma Chemical Co., St Louis, MO, USIAreagents were of analytical grade.
Deionized and distilled water was used throughout.

Samples

Cape gooseberries.( peruviand, blueberries \(accinium corymbosumand cranberries
(Vaccinium macrocarpgnwere investigated. All berries were purchasechatlocal market
in Gdansk and Warsaw, Poland. For the investigafioa replicates of five berries each were
used. Their edible parts were prepared manualljjonit using steel knives. The prepared
berries were weighed, chopped, and homogenized Jiged nitrogen in a high-speed

blender (Hamilton Beach Silex professional modef) fomin. A weighed portion (50

100 g) was_then lyophilized for 48 h (Virtis model-3®4), and the dry weight was
determined. The samples were ground to pass thi@@gh-mm sieve and stored °C

until the bioactive substances were analyZzedraction
of Phenolic Compounds

The lyophilized samples of berries (1 g) were ested with 100 mL of methanol/water
(1:1) at room temperature and in darkness for 24Ttre extracts were filtered in a
Buchner funnel. After removal of the methanol inadary evaporator at a temperature
below 40 °C, the aqueous solution was extracted di¢hhyl ether and ethyl acetate,
and then the remainder of the aqueous solution veezé-dried. The organic fractions
were dried and redissolved in methanol. These estraere submitted to MS analysis
for determination of bioactive compound5].

@ Springer
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Determination of Bioactive Compounds and Antioxidaativities

The polyphenols were determined by Felipcalteu method with measurement at 750 nm
with a spectrophotometer (Hewlett-Packard, mod&R&4 Rockville, MD, USA). The results
were expressed as mg of gallic acid equivalentsH)G#er g DW £6].

Flavonoids, extracted with 5 % NaMNO10 % AICL-6H,0, and 1 M NaOH, were
measured at 510 nm. The total flavanols amount wasmated using thep-
dimethylaminocinnamaldehyde (DMACA) method, andrthehe absorbance at
640 nm was read. To ensure the presence of flagsamothe nuclei, subsequestaining
with the DMACA reagent resulted in an intense blueoration in the plantextract
[27]. As was mentioned previously, (+)-catechin seraed standard foflavonoids and
flavanols, and the results were expressed as cateelguivalents (CE). Total
chlorophyll, chlorophyllsa and b, and total carotenoids were extracted with

100 % acetone and determined spectrophotometricllylifferent absorbances (nm)
such as at 661.6, 644.8, and 470, respectiady [

MS AnalysisA mass spectrometer, TSQ Quantum Access Max (Therisivef Scien-
tific, Basel, Switzerland), was used. Analytes weneized by electrospray ionoization
(ESI) in negative mode. Vaporizer temperature wag lkeplO0 °C. All samples were
done by direct infusion in the mass spectrometeusing ESI source at negative ion
mode, full scan analysis, ranging between 100 ar@ @fz. For optimization of the
acquisition parameters and for identity confirmati@nly a part of the standards was
employed, not for all compounds that were foundha investigated samples. Settings
for the ion source were as follows: spray voltaged3,¥, sheath gas pressure 35 AU,
ion sweep gas pressure 0 AU, auxiliary gas presaurg0 AU, capillary temperature

at 200 °C, and skimmer offset 0 29F-31]. The AA was determined by the following
assays:

Cupric reducing antioxidant capacity (CUPRAC): Thisay is based on utilizing the
copper (ll)-neocuproine [Cu (I)-Nc] reagent as theomogenic oxidizing agent. To the

mixture of 1 ml of copper gll)-neocuproine and Mid buffer solution, acidified and non-
acidified methanol extracts of berry (or standamdjition &, in ml) and HO [(1.1-x) ml]

were added to make a final volume of 4.1 ml. Theodance at 450 nm was recorded
against a reagent blank?.

* Scavenging free radical potentials were testedlirtion of 1,1-diphenyl-2-picrylhydrazyl
(DPPH). In its radical form, DPPH has an absorptiand at 515 nm which disappears
upon reduction by an antiradical compound. DPPHt&wmu(3.9 mL, 25 mg/L) in
methanol was mixed with the sample extracts (0.1, mhjl then the reaction progress
was monitored at 515 nm until the absorbance vedsesp 3.

B-Carotene linoleate model system: A mixture fe€arotene (0.2 mg), linoleic acid
(200 mg), and Tween-40 (200 mg) was prepared. Gfolon was removed at 40 °C
under vacuum. The resulting mixture was dilutechvii® mL of water. To this emulsion
was added 40 mL of oxygenated water. Four-miliileéiquots of the emulsion were
added to 0.2 mL of berry extracts (50 and 100 pgrhg absorbance at 470 nm was
measured. The AA of the extracts was evaluatedrinstef bleaching of th-carotene:
AA=100 [1-(As—A)/(A°—A°)], whereA, andAy° are the absorbance values measured
at zero time of the incubation for test sample eomtrol, respectively, and andA° are the
absorbance values measured in the test samplecatidlcrespectively, after incubation
for 180 min p4).
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Fluorometric Measurements

Fluorometric measurements were used for the evatuafi the antioxidant activity of berries
extracts and their in vitro binding properties tartan serum albumin. Two-dimensional (2D-
FL) and three-dimensional (3D-FL) fluorescence meaments for all berry extracts at a
concentration of 0.01 mg/mL were recorded on a mé&eb500, Jasco spectrofluorometer,
serial N261332, Japan, equipped with 1.0 cm quzsils and a thermostat bath. The 2D-FL
was taken at emission wavelengths from 310 to 50@nd at excitation of 295 nm.

The 3D-FL spectra were collected with subsequemirscg emission spectra from 250 %60
nm at 1.0-nm increments by varying the excitati@velength from 200 to 350 nm at 1&m
increments 32]. Quercetin (QUE) was used as a standard. All solstifor protein
interaction were prepared in 0.05 mol/l Tris-HClfeu{pH 7.4), containing 0.1 mol/l NaCl.
The final concentration of HSAwas 2.0xiMol/l. The HSAwas mixed with quercetin in the
proportion HSA/extract=1:1Statistical

Analyses

To verify the statistical significance, mean + Sbfiwe independent measurements were
calculated. Data groupdlistribution character was tested by Shajwidk normality test and

the homogeneity of variance by Leven€& test, both at 0.95 confidence level. Multiple
comparisons also known as post hoc tests to corafigressible pairs of means of a group of

berries extracts were performed by StuddietvmanrKeuls method based on the studentised
data rangeP-values of<0.05 were considered significant. Linear regressionse vaso
calculated and Pearson correlation coefficigrRtsvere used.

Results and Discussion
Bioactive Compounds and Antioxidant Activities

It was interesting to use different solvent systsoch as diethyl ether, ethyl acetate, and water
in order to find out the best extraction conditiaml the maximum antioxidant activities of
gooseberries in comparison with blueberries andbenaies. The results of the determination
of the contents of the bioactive compounds in thieaets of three solvents of all studied
samples are summarized in the TableAs can be seen, the significant highest contents
(P<0.05) of polyphenols and flavanols were in theewdtaction of blueberries (46.56+

4.2 mg GAE/g and 1.75+0.3 mg CE/g, respectivelye Thntents of flavonoids are compa-
rable with the data in cranberries. The contentshidrophylls and carotenoids (Fib). were

the highest in blueberries as wé.05). The weight ratio of Claland Chlb is an indicator

of the functional pigments. The ratios of chlordfshg/b were the following: 0.68, 1.17, and
2.55 for gooseberries (GOOSEB), cranberries (CRAN), blueberries (BLUEB), respective-
ly. The ratio of total chlorophylls to total carotgds is an indicator of the greenness of plants
(Fig. 1).

It was mentioned earlier that the main purpose wasompare gooseberry with other
berries in order to find out if its bioactivity @n the same level as in other kinds of berry.
Therefore, the contents of the bioactive compowaras AA were determined and compared
with widely consumed blueberries and cranberriequfber of reviewed articles show that
the main bioactive compounds determining the mtidd quality of berries are polyphenols,
anthocyanins, and flavonoidg, [9]. Carotenoids and chlorophylls are important ie th
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Table 1 Bioactive compounds in water, ethyl acetate, aathyli ether extracts of gooseberriesgeruviany,

cranberries\(. macrocarpoj) and blueberried/( corymbosuijrper gram dry weight

Extracts Indices

POLYPHEN, mg GAE FLAVON, mg CE FLAVAN, pg CE
GOOSEB, HO 5.37+0.6 0.22+0.04 nd
CRAN, HO 22.13+2.5 3.83+0.4 467.36114.5
BLUEB, H,O 46.56+4.2 3.89+0.6 1,751.51+25.6
GOOSEB, EtOAC 0.2940.1 0.11+0.01 nd
CRAN, EtOAc 3.14+0.4 0.66+0.1 44.14+4.3
BLUEB, EtOAc 3.87+0.4 0.74+0.1 112.06+7.4
GOOSEB, DETETHR  0.1440.01 0.08+0.01 1.21+0.1
CRAN, DETETHR 2.11+0.2 0.10£0.01 7.66+0.8
BLUEB, DETETHR 4.13+0.4 0.39+0.1 32.55+3.9

Values are means + SD of five measurements. Aittital data are presented in Table

POLYPHENpolyphenols,CE catechin equivalentGAE gallic acid equivalentFLAVON flavonoids, FLAVAN
flavanols, nd not determined GOOSEBgooseberriesP( peruviand, CRAN cranberries \(. macrocarpo)

BLUEBDbIueberries\{. corymbosumEtOAcethyl acetateDETETHRdiethyl ether

100+

Amount, ng/g DW
8 8 &
|

=
o

Chl b Chl a+b Xant+Car
Samples of berries

Fig. 1 Chlorophyll and carotenoid levels in berries. Valaee means + SD: +7.15, +0.48, and +0.01 for Ghl a
BLUEB, CRAN, and GOOSEB, respectively; +2.45, +0Q.48d +0.01 for Chl b in BLUEB, CRAN, and
GOOSEB, respectively; +10.08, +0. 86, and +0.1Zfoka + b in BLUEB, CRAN, and GOOSEB, respectively
+1.25, 0. 34, and +0.08 for Xant + Car in BLUEBRAN, and GOOSEB, respectivelyhl chlorophyll, Xant
xanthophyllscar carotenessOOSERjooseberrieS;RANcranberriesBLUEBblueberries
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composition of berries. The ratio of total chlorgiighto total carotenoids was 2.15, 2.47, and
8.67 for gooseberries, cranberries, and bluebeméspectively. The two ratios were in the
range which shows that the berries were grown afiectad at optimal growing conditions
[33]. The obtained contents of chlorophylls and cavoigs were in acceptable range, showing
their sensitivity to seasonal variation in climationditions B4]. Our data can be compared
with other reports 5], where different carotenoids in seabuck thornrié®rincreased in
concentration during ripening and comprised fror i® 1,425ug/g DW of total carotenoids

(1.5-18.5 mg/100 g of FW), depending on the cultivaryést time, and year. The content of
chlorophyll can act as a marker of the degreepaining.

We investigated the properties of quercetin, thgomphenolic phytochemical present in

berries, in agueous media using UV spectroscopyrdiuetry, and ESI-mass spectrometry. As

was declared ifiResults and Discussignthe contents of bioactive compounds (polyphenols,
flavonoids, and flavanols) in three different egtsawas determined and compared, and the
significantly highest amounts were in water extrattblueberries. Gooseberries showed a
moderate amount of bioactive compounds. Our resdte in agreement with others, showing

that water extracts of blueberries contain high am® of polyphenols9). The amount of

phenolics for blueberry and cranberry was repoaed®61585 and 315 mg/g FW and for
flavonoids as 50 and 157 mg/g F\86[ 37]. The ESI-MS in negative ion mode (Taldg
Fig. 29 of water extracts differs between berries. Théewextract of gooseberry (Talite

Table 2 Mass spectral data (molecular ion and the majgnfemt ions of polyphenols extracted from berries)

Extracts Berries [M-H] " and fragmentation  Compound
in ESI, (% in MS)

Water Gooseberries 190.79 (100) Quinic acid
Cranberries 352.77 (40), 190.79 (100) Chlorogenic acid, quinic acid
294.74 (15) p-Coumaroyl tartaric acid
212.6 (20) 2,3 Dihydroxy4-guaiacyl propanone
Blueberries 404.85 (60) Piceatannol ®-glucoside
346.68 (40), 190.93 (100) 5-Heptadecylresorcinol, quinic acid
Ethyl acetate  Gooseberries 444.40 (35) Apigenin 70O-glucuronide
190.79 (30) Quinic acid
212.6 (100) 2,3 Dihydroxy4-guaiacyl propanone
Cranberries 444.5 (10) Apigenin 70-glucuronide
190.79 (100) Quinic acid
212.6 (50) 2,3 Dihydroxy4-guaiacyl propanone
Blueberries 346.68 (20) 5-Heptadecylresorcinol
190.79 (100) Quinic acid
Diethyl ether ~ Gooseberries 444.33 (40) Apigenin 70-glucuronide
212.6 (100) 2,3 Dihydroxy4-guaiacyl propanone
168.81 (30) Gallic acid
Cranberries 444.47 (40) Apigenin 70-glucuronide
300.83 (40) quercitin
212.6 (100) 2,3 Dihydroxy4-guaiacyl Propanone
190.7 (55) Quinic acid
Blueberries 366.9 (50), 190.8 (80) 3-Feruloylquinic acid, quinic acid
212.7 (100) 2,3 Dihydroxy4-guaiacyl propanone
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Fig. 2—Aa) showed that the molecular ion matz 190.79 corresponded to quinic acid.

Oppositely, cranberry (Tabl& Fig. 2—Ab) water extract was characterized by chlorogenic
acid of the [M-H] deprotonated moleculen(z 353) and the ion corresponding to the
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A %"
8 3
70 3
60 é 404.85
50 : c
E 346.68
40 39303}
30 |
1007‘ 190.79 5
90 20 3 408.77
. E 10 7208 324.9 i 509.08 566.69
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Fig. 2 ESI-MS spectra of extracted fractions from threelisd berriesa Aqueousb ethyl acetate, anediethyl
ether ofa gooseberriesp cranberries, ana blueberries in negative ion mode. Phenolic compsundre
identified atm/z based on the mass spectra data
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Fig. 2 (continued)

deprotonated quinic acidnz 191), which was consistent with Sun et al. (20@8l)eberry
water extract (Tabl@; Fig. 2c) demonstrated a peak at 404.85 (piceatanr@igBicoside),
346.68, and 190.93 as a result of destroying Saldepylresorcinol. Ethyl acetate extracts of

berries showed similar spectral peaks. GooseberrhldTa Fig. 2—Ba) and cranberry
(Table 1; Fig. 2—Bb) were similar in molecular ions but differ inetlpercentage in MS.

Blueberry ethyl acetate extract (TaBleFig. 2—Bc) and water extract (Tab Fig. 2—Ac)
were similar. In the diethyl ether extracts (Tahl€ig. 2c) of all berries, the main peak was of
m/z212.6. The spectra of blueberry differ from goosghend cranberry with one peakmalz
366.9. In gooseberry and cranberry extracts, omemean peak appeared aiz 444.4, but
gooseberry extract is characterized by the peagali€ acid and in cranberry only quercetin is
found.

The recorded spectra were in the same scale (imathge between 100 and 60@) for
comparison. We choose negative mode as the MS thbfzause in many publications it was
described that this mode is the best for analyisisve molecular weight phenolic compounds

[29, 38-40]. All of the peaks were identified and the recarddS spectra can be used as a
fingerprint for characterization of different bemytracts based on the percentage of the main
peaks. Our obtained results by MS are similar to 2t al. B9, where 15 benzoic and
phenolic acids (benzoig-hydroxybenzoic, cinnamiayn-hydroxybenzoic,p-hydroxybenzoic,
p-hydroxyphenyl acetic, phthalic, 2,3-dihydroxybeiszovanillic, o-hydroxycinnamic, 2,4-
dihydroxybenzoicp-coumaric, ferulic, caffeic, and sinapic acid) wétentified in cranberry
fruit. The most abundant is benzoic and thecoumaric and sinapic acids. The phenolic
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guercetin-39-glucoside, isoorientin, isovitexin, orientin, andexin [38]. The AA of blue-
berry in water extracts (Tabl® as determined by CUPRAC, DPPH, gddarotene assays
(131.094+12.9.31M TE/g DW, 108.09+7.2uM TE/g DW, and 80.11+8.9 %, respectively) in
all of the extracts used is significantly highearththat recorded for other berries studied
(P<0.05). The AA of gooseberry is lower by about niimes than in blueberries and four
times than in cranberries. As was calculated, a geod correlation was found between the
antioxidant activity and the contents of total pblgnols in water extracts. All groups of data
(Tablesl and3) were tested for character of their distributiod anmogeneity of variance at

0.95 confidence level. The Shapiwilk normality test showed that all the data ingve are
normally distributed, with the exception of flavésian gooseberry water and ethyl acetate

extracts with no quantified content. Levené test, which is widely accepted as the most
powerful homogeneity of variance test, indicatedraet types which have no the same
variance tested at 0.95 confidence level. Taplkesents significant differences (witvalues
<0.05) between bioactive compounds contents and addioix activities in different extracts
of berries found by multiple comparisons using mhethod of StudertNewman-Keuls. The
method denotes significantly different pairs, anel group in the first position means that it is
higher in the contents of bioactive substances.example, the case of polyphenols in line
G/W-G/D means a statistically different contenpofyphenols between gooseberry water and
diethyl ether extracts. Water extract is highethi@ content of polyphenols of about 10.2 mg
GAE/g DW. From Tabld, it is evident that in majority of the cases, watetraction yields the
highest content of bioactive compounds and antamtidctivities.

The antioxidant activity of different extracts wasluated by DPPH free radical scaverigg
activity, taking total phenolic content as an indé%]. Our obtained results corresponith

the data of Kusznierewicz et al7], where the DPPH antioxidant activity varied fr@® to 166
mol TE/g DW. The obtained phenolic compounds an®BRalues (Table$ and2) were as
well in the range of those reported by Li et a2][of four berry fruits (strawberry,
Saskatoon berry, raspberry, and wild blueberrgkebherry, and seabuck thorn ranging from

Table 3 Antioxidant activities in water, ethyl acetate, atiethyl ether extracts of gooseberri@sgeruviany,
cranberries\(. macrocarpoj) and blueberried/( corymbosuijrper gram dry weight

Extracts Indices
DPPH,uM TE/g DW  CUPRAC,uM TE/g DW B-carotene, %

GOOSEB, HO 8.39+0.9 11.25#1.1 11.40+0.9
CRAN, HO 46.58+4.5 49.38+4.4 36.71+3.8
BLUEB, H,0 108.09+7.2 131.09+9.60.88+0.1 80.10+6.6
GOOSEB, EtOAc 0.3520.1 0.54+0.1
CRAN, EtOAc 3.02+0.4 9.20+1.1 6.09+0.6
BLUEB, EtOAc 8.83+4.4 12.40+1.1 8.13+0.9
GOOSEB, DETETHR 0.16+0.01 0.24£0.01 0.20+0.01
CRAN, DETETHR 3.42+0.4 5.77+0.6 3.48+0.3
BLUEB, DETETHR 10.97+0.9 14.87+1.1 6.79+0.7

Values are means + SD of five measurements. Aistital data are shown in Table

DW dry weight, DPPH 2,2-diphenyl-picrylhydrazyl, CUPRAC cupric reducing antioxidant capacify;caro-
tene B-carotene linoleate assa@OOSEBgooseberriesP peruviand, CRAN cranberries \(. macrocarpoj
BLUEBDbIueberries\{. corymbosumEtOAcethyl acetateDETETHRdiethyl ether
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Table 4 Statistically significant differences between tbatent of bioactive compounds in different extradts
berries by StudeaNewman-Keuls multiple comparisons

Comparison between Difference Standard error g stat Tableq Probability,
berries extracts P<0.05
Polyphenols

G/W-G/D 10.2053 0.7071 14.4325 3.6332 0.0000
G/E-G/D 8.6337 0.7071 12.2099 2.7718 0.0000
B/W-B/D 4.3603 0.7071 6.1665 3.6332 0.0001
B/W-B/E 3.8084 0.7071 5.3860 3.3145 0.0004
Flavonoids

G/W-G/E 2.7948 0.7071 3.9525 3.6332 0.0267
C/W-C/D 7.0963 0.7071 10.0357 4.0301 0.0000
C/E-C/ID 4.3453 0.7071 6.1452 3.8577 0.0001
B/W-B/E 4.1482 0.7071 5.8665 3.8577 0.0003
B/W-B/D 4.1482 0.7071 5.8665 3.6332 0.0002
C/W-CJE 2.7510 0.7071 3.8905 2.7718 0.0059
Flavanols

G/W-G/D 3.2040 0.7071 45311 3.3145 0.0039
G/E-G/D 3.2040 0.7071 45311 2.7718 0.0014
C/W-C/D 6.3189 0.7071 8.9363 3.8577 0.0000
C/E-CID 3.9136 0.7071 5.5347 3.3145 0.0003
B/W-B/D 4.6555 0.7071 6.5839 3.8577 0.0000
C/W-C/E 2.4053 0.7071 3.4016 3.3145 0.0427
B/W-B/E 2.7159 0.7071 3.8409 3.3145 0.0181
DPPH

G/W-G/D 12.0877 0.7071 17.0946 4.0301 0.0000
G/E-G/D 7.8126 0.7071 11.0486 2.7718 0.0000
G/W-GJE 4.2751 0.7071 6.0460 3.8577 0.0002
C/W-C/E 4.3824 0.7071 6.1976 4.0301 0.0002
C/W-C/D 4.3289 0.7071 6.1219 3.8577 0.0001
B/W-B/D 4.2085 0.7071 5.9517 3.8577 0.0002
B/W-B/E 2.8095 0.7071 3.9733 3.3145 0.0138
CUPRAC

G/W-G/D 9.7648 0.7071 13.8095 4.0301 0.0000
G/E-G/D 4.4785 0.7071 6.3335 2.7718 0.0000
G/W-G/E 5.2863 0.7071 7.4760 3.8577 0.0000
C/W-C/D 48131 0.7071 6.8068 4.0301 0.0000
B/W-B/E 4.3484 0.7071 6.1495 4.0301 0.0002
B/W-B/D 4.1359 0.7071 5.8490 3.8577 0.0003
C/W-CJE 2.9609 0.7071 41874 2.7718 0.0031
B3-CAROTENE

G/W-G/D 8.5379 0.7071 12.0744 4.0301 0.0000
G/E-G/D 3.8783 0.7071 5.4847 2.7718 0.0001
G/W-G/E 4.6596 0.7071 6.5897 3.8577 0.0000
C/W-C/D 5.2270 0.7071 7.3921 4.0301 0.0000
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Table 4 (continued)

Comparison between Difference Standard error g stat Tableq Probability,
berries extracts P<0.05
C/M-C/E 3.6094 0.7071 5.1045 3.8577 0.0028
B/W-B/D 4.0614 0.7071 5.7437 3.8577 0.0005

B berries,G gooseberries; cranberriesB blueberries\W water,E ethyl acetateD diethyl ether

22.83 t0 131.88 g/kg and DPPH ranging from 29.978:@86 %. The bioactivity of blueberig
significantly higher than the bioactivity of othdrerries; however, this index in the
gooseberry is comparable with the studied samplesording to the results of Table the
antioxidant activities of extracts, partitions, afidctions were strongly correlated with the
highest polyphenol contents. Correlation betweetypbenols and antioxidant properties
exactly corresponded with our results: the highmstnolic content was found in walnut,
which revealed the best antioxidant properti€d.[This corresponds with Seerai@],[ who
discussed also that phytonutrients ranged fronsdiatble/lipophilic to water-soluble/hydro-
philic compounds. Our results about the high aident activity of berries (Tablg) are in line
with Elberry et al. 1], showing a high antioxidant activity of cranbemxtract. Pronounced
antioxidant and radical scavenging properties ahloerry was shown by Wojnicz et alZ].
Ethanol-soluble acidic components were used in daleetermine the bioactivity of natural
novel sources against oxidatiofd]. Our results are in accordance with You et 4ff],[where
four Rabbiteye blueberry cultivars grown organicalhd conventionally were compared by
their total phenolic content and antioxidant valbgsDPPH and CUPRAC. Our studies are
not in full correspondence with otherk5] based on the different extraction systems. In our
case, the most active was the water fractio®.gberuviana(PP) in comparison with ethyl
acetate and diethyl ether. As was reported by Wal.efl5], supercritical carbon dioxide
SCEPP-5 PP extracts in comparison with hot watdr ethanol possessed the highest total
flavonoid (226.19 mg/g) and phenol (100.82 mg/g)tents. Our results connected with other
reports fi1, 46], where the methanol extract of leaves from soraate was more potent
againstAspergillus fumigatusnd Candida tropicana.The lowest MIC values obtained for
LM, LA, and LH were 78, 156, and 635%/mL againstA. fumigatusC. tropicana and

Fig. 3 Two-dimensional fluorescence (2D-FL) and three @Dpspectra illustrate the interaction between HSA,
quercetin, aqueous (positioAg, Ab, Ac, andAd), and ethyl acetate (positioBs, Bb, Bc, andBd) extracts i
studied berriesa Change in the fluorescence intensity as a resuttirafing affinity with water extracts: HSA
[first line from thetop with FI of 890.21], HSA + WGOOSEB¢écond lindrom thetopwith FI=817.50), HSA

+ WCRAN (third line, FI=717.39), HSA + WBLUEBf¢urth ling FI=709.75), HSA + WGOOSEB + QUE
(fifth line, FI=635.24), HSA + WCRAN + QUEsikth line FI=560.83), and HSA + WBLUEB + QUE (seventh

line, FI=518.96)Aa-Ad cross maps from the 3D-FL spectrum of HSA + WBLUEEA + WBLUEB + QUE,
HSA + WGOOSEB, and HSA + WGOOSEB + QUE.Change in the fluorescence intensity as a result of
binding affinity of HSA with ethyl acetate extractdSA [first line from thetop with FI of 890.21], HSA +
EtOAcGOOSEB gecond line FI=834.70), HSA + EtOAcCRAN tliird line, FI=821.65), HSA +
EtOACBLUEB (ourth ling FI=811.70), HSA + EtOAcGOOSEB + QUIHifth line, FI=724.76), HSA +
EtOACCRAN + QUE ¢ixth line FI=713.41), and HSA + EtOAcBLUEB + QUEe{enth lineFI=618.96).
Ba-Bd cross maps from the 3D-FL spectrum of HSA + EtOAJBB, HSA + EtOACBLUEB + QUE, HSA +
EtOAcGOOSEB, and HSA + EtOAcGOOSEB + QUE. In &lct®ns, the following conditions were used:
HSA (2.0x10° mol/L), quercetin (1.7x10 mol/L), and water and EtOAc extracts in concertratf 25 and

50 pg/ml, respectively. Binding was during 1 h at 25 fuorescence intensities are ypaxis and emission
wavelengths are oraxis. HSAhuman serum albumitQUE quercetin EtOAcethyl acetateWGOOSEBvater
extracts of gooseberryW?WCRAN water extracts of cranberrs)Y BLUEB water extracts of blueberry,
EtOAcGOOSEBethyl acetate extracts of gooseberBtOAcCCRANethyl acetate extracts of cranberry,
EtOAcBLUEBethyl acetate extracts of blueberry
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C. albicans respectively 41]. Our results correspond as well with Suwalskwalef19], who
showed a new kind of Chilean berries, and the pagpl aqueous extracts of leaves and
whole fruit were responsible for the antioxidantpedies when the extracts were induced to
interact with human red cells. The results of théP&AC test showed that cranberry juice had
the highest level of antioxidant reactivity, bluglyejuice had an intermediate activity, and
orange juice had the lowest. It was determined,evew that contrary to the hypothesis,
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orange juice was significantly more potent in protegy the bladder against ischemia/reperfu-
sion damage than either blueberry or cranberngjuitius, it is concluded that chemical tests
for TAA do not necessarily correlate with their pioysgical activity P]. The obtained
antioxidant activity by FRAP of blueberry and crampextracts was similar to other studies.
Probably, a complex spectrum of anthocyanins wasmihjor contributor to the antioxidant
activity [47].

Fluorometry Spectra Studies

The binding properties of the berry samples in camspn with the pure flavonoids such as
quercetin are shown in 3D- FL spectra, which itkisd the elliptical shape of the cross map.
The results showed that the 3D- FL cross maps wiebdliffered. One of the main peaks for
HSA was found ahdex/em of 220/360 nm. The second main peak appéaredese samples
at Aex/em of 280/350 nm (Figa, b. The interaction of HSA and the water and etlogtate

extracts of berries (Fig—Aa, Ac, Ba, and Bc), HSA, water, and ethyl acetateaets, and

quercetin (Fig3—Ab, Ad, Bb, and Bd) showed a slight change in thsitn of the main
peak at the wavelength of 360 nm and a decredhmiescence intensity (FI). The following
changes appeared when the water extracts of berees added to HSA [initially the main
peak at emission 360 nm and Fl of 890.21] (Fgs.band4a, h the upper line is HSA). The
reaction with the berry extracts and quercetinetesad the Fl of HSA (Figa, i middle and
low lines). The following decrease in the Fl (%)coced during the interaction of water
extracts with HSA: HSA+WGOOSEB=8, HSA+WCRAN=19.4, ai8A+WBLUEB=
The decrease in the FI with ethyl acetate extraets lower than with water extract:
HSA+EtOAcGOOSEB=6.0, HSA+EtOAcCRAN=7.7, and HSA+EtOAcBLUEB=8R&e
diethyl ether extracts did not show any bindingoerties with HSA. These results are in direct
relationship with the antioxidant properties of #dracts. The synergism of bioactive
compounds is shown when quercetin was added tmitttare of HSA and extracts of berries.
The decrease in the Fl of HSA with WGOOSEB, WCRAN] 8¥BLUEB was 28.6, 37.0,
and 41.7, respectively (fifth, sixth, and seveitkd (Fig.33). Therefore, the participation of
quercetin in synergism was 20.6, 17.6, and 21.AM@OOSEB, WCRAN, and WBLUEB,
respectively. With ethyl acetate extracts, theippétion of quercetin was 13.9, 10.9, and 17.6
for GOOSEB, CRAN, and BLUEB, respectively (Fai).
The concentrations of water extracts of berrieghi interaction with HSA are 3.01971,
5.12232, and 5.23493xT0QUE for GOOSEB, CRAN, and BLUEB, respectively. Hthy
acetate extracts showed lower concentrations a62,57.90949, and 3.16139x%dor
GOOSEB, CRAN, and BLUEB, respectively. Our veryemicresults showed that the fluo-
rescence is significantly quenched because theowuoafion of the HSA changes in the
presence of pure flavonoids and berry extractss iteraction between quercetin and HSA
was investigated using tryptophan fluorescence chieg. Our result is in agreement with
others that quercetin, as an aglycon, is more [pyarbic and demonstrates strong affinity
toward HSA. Other result2(, 21] differ from those reported by us, probably beeaokthe
variety of antioxidant abilities of pure flavonoidad different ranges of fluorometry scanning
ranges used in a similar study. The biologicalveeiee of quercetin interaction in human
organism is important from the point of view thaist molecule of polyphenolic type
extensively binds to HSA, the most abundant capietein in the blood. Our in vitro results
of interaction of HSA and quercetin can be compavid other reports in vivo, showing the
protective effects of quercetin on hepatic injurgiced by different chemical reactions. Our
results on BSA binding with other types of berryrespond with our present results with HSA
and investigated berries. Results on water extodidtkieberries were similar to these samples
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Fig. 4 a Fluorescence spectra of aqueous solutions of HSBx{®® mol/L) in the presence of different
concentrations of quercetin: 0, 0.17, 0.30, 1.@) &rvx10% mol/L at pH 7.4 at excitation wavelength of
290 nmb Linear plot for log E,—F)/F vs log [quercetin], wher, andF represent the fluorescence intensity of

HSA in the absence and in the presence of polyferspectively

[48, 49]. Strong binding properties have been confirmedtlie compounds containing high
bioactivity. The strong binding properties of phisshow that they may be effective in the
prevention of atherosclerosis under physiologi@aiditions. Quercetin can suppress HSA.
These results demonstrate that quercetin and plttegrolic compounds can effectively protect
from atherosclerosis under physiologically relevannhditions, providing insight into the
mechanism of action of bioactive phenolics. Ourlaxation of the binding affinity of berry
polyphenols is similar to the description of Xidoaé [20] and Xiao and Kai41] that one or
more hydroxyl groups in the B-ring of flavonoidshenced the binding affinities to proteins.
Much of the bioactivities of citrus flavanones sfigrantly appear to impact blood and
microvascular endothelial cell&(]; therefore, it was essential to investigate thieraction
between berry polyphenols and serum albumin. Theifg constants ranked in the following
order: quercetin>rutin>calycosin>calycosir®#sup)D-glucoside [formononetin-B-(sup)-
D-glucoside p1]. 3D fluorescence can be used as an additionbfdothe characterization of
the polyphenol extracts of berry cultivars andrthb@iding properties.
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Conclusion

There are many reports on the antioxidant propenie berries; however, there is little
information about the binding properties of blueiesr and cranberries and even less infor-
mation about gooseberries. The gooseberry, in casopawith cranberries and blueberries,
showed a lower amount of bioactive compounds. Ttieresome of the methods used in this
work such as fluorescence were done for the fins¢.tiSome of the active compounds may
have synergistic interactions with other compouasisvas shown when quercetin was added
to the reaction. This work demonstrated relativeébh antioxidant and binding properties of
the investigated berries, especially in water esdtaThe possibility of benefit of the con-
sumption of these berries for everyday human healthbe suggested.
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Article history: The aim of this investigation was to find the best among seven different kiwi fruit cultivars (‘Hayward’,
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them as groups. Therefore, the contents of bioactive compounds and the level of antioxidant capacities of
these cultivars were determined in four different extracts and compared. It was found that the contents of the
bioactive compounds and the level of antioxidant capacities in different extracts differ significantly (P <
0.05). Bioactive compounds and the antioxidant capacities were significantly higher in ‘Bidan” and
‘SKK12’ cultivars than in other studied samples. The ethanol and water extracts of these cultivars exhib-
ited high binding properties with human serum albumin (HSA) in comparison with catechin. In conclu-
sion, based on fluorescence profiles the seven new kiwi fruit cultivars can be classified for three groups:

‘Hayward’ (including ‘Daheung’, 'Haenam’, Hwamei”and ‘SKK12"),‘Bidan’ and ‘Hort 16 A’. In MS - profiles
some differences in the peaks were found between the cultivar groups. All studied fruits could be a valu-

able addition to known disease preventing diets.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

Nowadays some authors recommend consumption of fruits with
high bioactivity (Proteggente et al., 2002; Sun, Chu, Wu, & Liu, 2002),
because only such fruits are effective in prevention and treatment of
various diseases (Lansky, & Newman, 2007; Larson, Neumark-
Sztainer, Hannan, & Story, 2007; Lindeberg et al., 2007; Duttaroy &
Joorgensen, 2004). Most of the used fruits have many cultivars
(Fukuda, Suezawa, & Katagiri, 2007; Toledo et al., 2008; Wall et al.,
2008). It was shown that even cultivars grown in the same geo-
graphic and climatic conditions differ significantly (Ercisli,
Ozdemir, Sengul, Orhan, & Gungor, 2007; Toledo et al., 2008). So,

t Corresponding authors. Tel.: +82 61 450 2376; fax: +82 61 453 2309 (Y.-S. Park).
Tel.: +972 2 6758690; fax: +972 2 6757076 (S. Gorinstein).
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2 Prof. Simon Trakhtenberg died in November 2011.
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research group and participated in our research.

Toledo et al. (2008) studied the bioactivity of durian cultivars
such asMon Thong, Chani, Kan Yao, Pung Manee and Kradum at
thesame stage of ripening from the same geographic region
grown in the same climatic conditions in order to find the best
among them for human consumption. It was concluded that
among the studied dur- ian cultivar Mon Thong is preferable
(Haruenkit etal., 2010). Widely consumed kiwi fruit has many
cultivars (Ercisli et al., 2007). Which of them is preferable for
human consumption? In order to answer this question it was
decided to investigate seven kiwi fruit cultivars (‘Hayward’,
‘Daheung’, ‘Haenam’, ‘Bidan’, ‘Hort16A’, 'Hwamei’ and ‘SKK12’)
and to divide them to groups. The content of the bioactive
compounds and the level of antioxidant capacity (AC) were
deter- mined and compared. In order to receive reliable data the
AC was defriniimediby four complementary assays: ABTS, DPPH,
FRAP and CUPRAC and the mass-spectra profile. Human
serum albumin is the drug carrier’s protein and serves to greatly
amplify the capacity of plasma for transporting drugs. It is
interesting to investigate in vitro how this protein interacts with
polyphenols extracted from kiwi fruit samples in order to get
useful information of the properties of polyphenol-protein
complex. Therefore the functional properties

http:/ /dx.doi.org/10.1016/j.foodchem.2014.05.114 0308-8146/© 2014 Elsevier Ltd. All rights reserved.
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of new kiwi fruit cultivars were studied by the interaction of ethanol
and water polyphenol extracts with a small protein such as HSA,
using 3D-FL.

As far as we know not results of such investigations were
published.

Material and methods
e Chemicals

Trolox (6-hydroxy-2,5,7,8,-tetramethyl-chroman-2-carboxylic
acid); 2,2° -azobis-2-methyl-propanimidamide; 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH), FeCl; x 6H,O; Folin-Ciocalteu reagent (FCR);
Tris, tris(hydroxymethyl)aminomethane; lanthanum (III) chloride
heptahydrate; CuCl, x 2H,O; and 2,9-dimethyl-1,10-phenanthro-
line (neocuproine), potassium persulfate, quercetin, human serum
albumin, were obtained 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.
Deionised and distilled water were used throughout.

*  Samples

Kiwi fruits of seven cultivars were harvested at the optimal stage in
orchard, located in Haenam county (longitude 126° 15% and lat-
itude 34° 18%), Jeonnam province, Korea, 2012. All cultivars, except
‘Hort 16A’, are were bred in Korea and classified as ‘Hort’. ‘Hort 16A”
is a New Zealand gold kiwi fruit and was purchased in 2012 from
farmer, located in Jeju Island. "Hwaemi” and ‘SKK-12" are green kiwi
fruit cultivars of 100 g size as ‘Hayward’. ‘Bidan” has a smaller size of
20 g and its skin is white (flesh is green). The peeled fruits were
weighed, chopped and homogenised under liquid nitrogen in a
high-speed blender (Hamilton Beach Silex professional model) for 1
min. A weighed portion (50-100 g) was then lyophilized for 48 h
(Virtis model 10-324), and the dry weight was determined. The
samples were ground to pass through a 0.5 mm sieve and
stored at -20 °C until the bioactive substances were analysed.

*  Determination of bioactive compounds and antioxidant capacity

The lyophilized samples of kiwi fruit cultivars were extracted
with ethanol, water, acetone and hexane at room temperature. The
extracts were filtered in a Buchner funnel. After removal of the
solvents in a rotary evaporator at a temperature below 40 °C, and
the aqueous solution was freeze-dried. The polyphenols were
determined by Folin-Ciocalteu method with measurement at 750
nm with spectrophotometer (Hewlett-Packard, model 8452A,
Rockvile, USA). The results were expressed as mg of gallic acid
equivalents (GAE) per g DW (Singleton, Orthofer, & Lamuela-
Raventos, 1999). The extracts of condensed tannins (procyanidins)
with 4% methanol vanillin solution were measured at 500 nm.
Flavonoids, extracted with 5% NaNO,, 10% AICl; x 6H,O and 1 M
NaOH, were measured at 510 nm (Bener, C)zyl’jrek, Gicli, & Apak,
2010). The total flavanols amount was estimated using the p-dim-
ethylaminocinnamaldehyde (DMACA) method, and then the absor-
bance at 640 nm was read. To ensure the presence of flavanols on
the nuclei, subsequent staining with the DMACA reagent resulted
in an intense blue coloration in plant extract (Feucht & Polster,
2001). As it was mentioned previously, (+)-catechin served as a
standard for flavonoids and flavanols, and the results were
expressed as catechin equivalents (CE).

The AC was determined by the following assays:

* 2, 2-Azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid)
diammonium salt (ABTS) method for the screening of
antioxidant capacity is reported as a decolorization assay

applicable to both lipophilic and hydrophilic antioxidants,
including flavonoids, hydroxycinnamates, carotenoids, and plasma
antioxidants. The influences of both the concentra- tion of
antioxidant and duration of reaction on the inhibition of the radical
cation absorption are taken into account when determining the
antioxidant capacity. ABTS radical cation was generated by the
interaction of ABTS (7 mM/L) and K;S5,05 (245 mM/L). This
solution was diluted with metha- nol until the absorbance in the
samples reached 0.7 at734 nm (Re et al., 1999).
¢ Cupricreducing antioxidant capacity (CUPRAC): This assay is
based on utilising the copper (II)-neocuproine [Cu (II)-Nc]
reagent as the chromogenic oxidising agent. To the mixture
of 1 ml of copper (II)-neocuproine and NH,;Ac buffer solu-
tion, acidified and non acidified methanol extracts of fruits
(or standard) solution (x, in ml) and H,O [(1.1-x) ml] were
added to make the final volume of 4.1 ml. The absorbance
at 450 nm was recorded against a reagent blank (Apak,
Guclu, Ozyurek, & Karademir, 2004).
* Scavenging free radical potentials were tested in solution of
1, 1-Diphenyl-2-picrylhydrazyl (DPPH). In its radical form,
DPPH has an absorption band at 515 nm which disappears
upon reduction by an antiradical compounds. DPPH solution
(3.9 mL, 25 mg/L) in methanol was mixed with the samples
extracts (0.1 mL), then the reaction progress was monitored
at 515 nm until the absorbance was stable (Brand-WIlliams,
Cuvelier, & Berset, 1995).
¢ Ferric-reducing/antioxidant power (FRAP) assay measures
the ability of the antioxidants in the investigated samples
to reduce ferric-tripiridyltriazine [Fe (III)-TPTZ] to a ferrous
form [(Fe (II)]. FRAP reagent (2.5 mL of a 10 mmol ferric-tri-
piridyltriazine solution in 40 mmol HCl plus 2.5 mL of
20 mmol FeCl;xH,O and 25 mL of 0.3 mol/L acetate buffer,
pH 3.6) of 900 IL was mixed with 90 1L of distilled water
and 30 IL of kiwi fruit extract samples as the appropriate
reagent blank. The absorbance was measured at 595 nm (Benzie &
Strain, 1996).

e Fluorometric measurements

Fluorometric measurements were used for the evaluation of
binding properties of kiwi fruit extracts to human serum albumin.
Two dimensional (2D-FL) and three dimensional (3D-FL) fluores-
cence measurements for all kiwi fruit extracts at a concentration
of 0.01 mg/mL were recorded on a model FP-6500, Jasco spectro-
fluorometer, serial N261332, Japan, equipped with 1.0 cm quartz
cells and a thermostat bath. The 2D-FL was taken at emission
wavelengths from 310 to 500 nm; and at excitation of 295 nm.
The 3D-FL spectra were collected with subsequent scanning emis-
sion spectra from 250 to 500 nm at 1.0 nm increments by varying
the excitation wavelength from 200 to 350 nm at 10 nm incre-
ments. Catechin was used as a standard. All solutions for protein
interaction were prepared in 0.05 mol/1 Tris-HCI buffer (pH 7.4),
containing 0.1 mol/1 NaCl. The final concentration of HSA was
2.0x10° mol/1. The HSA was mixed with quercetin in the propor-
tions of HSA(;:QQEI'I&}EE; 1:1.

*  MS analysis

In order to compare the extracted phenolics in additional to the
used solvents 50% methanol in water acidified with 1% formic acid;
and 50% methanol in water were used. Different extractions were
carried out in order to achieve the better phenols recovery using
variable ratio of water and methanol, with and without formic acid
in mass-spectra profiles (Fracassetti, Costa, Moulay, & Tomas-
Barberan, 2013). These extracts were submitted to MS
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analysis for determination of bioactive compounds (Sanz et al.,
2010). A mass spectrometer, a TSQ Quantum Access Max (Thermo
Fisher Scientific, Basel, Switzerland) was used. Analytes were ion-
ised by electrospray ionoization (ESI) in negative mode. Vaporizer
temperature was kept at 100 °C. All samples were done by direct
infusion in the mass spectrometer by use ESI source at negative
ion mode, full scan analysis, range of 100-900 m/z. For optimisa-
tion of the acquisition parameters and for identity confirmation
only a part of standards was employed, not for all compounds that
were found in the investigated samples. Settings for the ion source
were as follows: spray voltage 3000 V, sheath gas pressure 35 AU;
ion sweep gas pressure 0 AU; auxiliary gas pressure at 30 AU; cap-
illary temperature at 200 °C, skimmer offset 0 V (Gémez-Romero
et al., 2011; Mikulic-Petkovsek, Slatnar, Stampar, & Veberic, 2012).

*  Statistical analyses

To verify the statistical significance, mean + SD of five indepen-
dent measurements were calculated. Differences between groups
were tested by two ways ANOVA. In the assessment of the antiox-
idant capacity, Spearman correlation coefficients (R) were used.
Linear regressions were also calculated. P-values of <0.05 were
considered significant.

Results and discussion
*  Polyphenols, flavonoids, flavanols and tannins

The combination of determination of bioactive compounds as
total phenols, total flavonoids, total flavanols and tannins, deter-
mined spectroscopically, and with antioxidant assays, fluorescence
and mass spectra can be used in comparison and fingerprinting
analysis of new kiwi fruit cultivars. These methods can be used
for rapid distinguishing of the cultivars.

The results of the determination of the contents of these bioac- tive
compounds in all seven studied kiwi fruits cultivars are shown in
the Table 1. As can be seen, the contents of polyphenols in eth-
anol and water extracts were significantly higher than in acetone
and hexane extracts (P in all cases < 0.05). The contents of flavo-
noids in ethanol extract were significantly higher in ‘Haenam’ and
‘Bidan’, in water extracts - in ‘SKK12" and ‘Hwamei’, in acetone and
hexane extracts - in ‘Bidan’ (P in all cases < 0.05). The contents of
flavanols in ethanol and water extracts were significantly higher in
‘Haenam’, and ‘Bidan’, in acetone and hexane extracts - in ‘Hae-
nam’ (P in all cases < 0.05). The contents of tannins in ethanol
extracts were significantly higher in ‘SKK12’, in water and acetone
extracts - in ‘Bidan’, and in hexane extracts - in ‘SKK12" (P in all
cases < 0.05). As can be seen, the contents of the bioactive com-
pounds extracted by different solvents differ significantly: the con-
tent of the main bioactive compound - polyphenols was
significantly higher in ‘SKK12’, "Hwamei’ and ‘Bidan’ (P < 0.05).

*  Antioxidant capacity

The results of the determination of the level of antioxidant capacity
of seven studied kiwi fruit cultivars are shown in the Table 2.
As can be seen: (a) according to all assays the significantly highest
level of AC in all extracts was in ‘SKK12, following by
‘Hwamei’ and ‘Bidan’ (P < 0.05). ABTS and CUPRAC are two electron
transfer assays and therefore the obtained results are similar. As
can be seen, according to all four used assays, the significantly
highest level of antioxidant capacity was registered in ‘Bidan’,
‘SKK12" and ‘Hwamei’ cultivars (P < 0.05). As was shown above,
these cultivars have also the highest content of polyphenols among
studied cultivars (Table 1).

e Fluorometric data

The 3D-FL of kiwi fruit cultivars ethanol extracts differ by the
wavelengths of the peaks and their fluorescence intensity (FI), and
could be classified according to the fluorescence results to three
groups ‘Hayward’(including ‘Daheung’, ‘Haenam’, Hwamei’ and
‘SKK12'), ‘Bidan” and ‘Hort 16A’. The following common peaks
appeared in three groups: at kex/em of 290/220, 400/230 and 600/
210 nm. ‘Hort 16A” showed one big peak at 400/300 nm, which was
not found in any of cultivars. ‘Hwamei’, which is similar to ‘Hay-
ward’ showed one peak at 300/280, characteristic only for this cul-
tivar. At kex/em of 700/400 nm the biggest prominent peak was in
‘Bidan’ cultivar, decreasing for ‘Hayward’, ‘Hwamei” and’ Hort 16A’
(Fig. 1C, B, D and A, respectively). The binding properties of the
kiwi fruit samples in comparison with the pure flavonoids such
as catechin are shown in two-dimensional fluorescence spectra (2D-
FL). One of the main peaks for HSA was found at kex/em of
220/357 nm (Fig. 1E). The interaction of HSA and the ethanol
extracts of kiwi fruit cultivars (Fig. 1E) showed slight change in
the position of the main peak at the wavelength of 357 nm and
the decrease in the fluorescence intensity (FI). The following
changes appeared when the ethanol extracts of kiwi fruit were
added to HSA [initially the main peak at emission 357 nm and FI
of 961.00 (Fig. 1E, the upper line is HSA). The reaction with the kiwi
fruit extracts and catechin decreased the FI of HSA (Fig. 1E, the
lowest line). The following decrease in the FI (%) occurred during
the interaction of ethanol extracts with HSA: HSA + ‘Hayward’ =
3.86; HSA + ‘Haenam’ = 6.71; HSA + 'Hort 16A’ =7.63; HSA + ‘Bidan’ =
10.18; HSA + 'Bidan’ = 12.03; HSA + 'Hwamei” = 15.05; HSA + 'SKK
12" = 11.65; HSA + catechin = 15.41. The water extracts showed the
results of the decrease (%) of HSA intensity (Fig. 1F): HSA +
‘Hayward’ = 2.03; HSA+Hort 16A" = 10.79; HSA + ‘Bidan’ = 15.47;
HSA + catechin = 15.89; HSA + "Hwamei’ = 18.76; HSA + 'SKK

12" = 21.24. These data were slightly higher than with ethanol
extracts and such strong binding properties of water extracts are
proportional to their amount of polyphenols (Table 1). These
results were in direct relationship with the antioxidant capacities
of the extracts (Table 2). The synergism of bioactive compounds
is shown when to the mixture of HSA and extracts of kiwi fruit
catechin was added. Our very recent results showed that the fluo-
rescence is significantly quenched, because of the conformation of
proteins, phenolic acids and flavonoids (Namiesnik et al., 2013).
This interaction was investigated using tryptophan fluorescence
quenching. Our result is in agreement with others that quercetin,
as an aglycon, is more hydrophobic and demonstrates strong affin-
ity toward HSA. Other results (Xiao, Chen, Cao, Chen, & Yang, 2011)
differ from the reported by us, probably because of the variety of
antioxidant abilities of pure flavonoids and different ranges of
fluorometry scanning ranges used in a similar study. The strong
binding properties of phenolics show that they may be effective
in prevention of atherosclerosis under physiological conditions.
Quercetin can suppress HSA. Much of the bioactivities of citrus flav-
anones significantly appear to impact blood and microvascular
endothelial cells, therefore it was essential to investigate the inter-
action between kiwi fruit polyphenols and serum albumin. The
binding constafits TFIHKkEd in the following order querce- tin
> rutin > calycosin > calycosin-7-O-(sup)-D-glucoside [formo-
nonetin-7-O-(sup)-D-glucoside (Liu et al.,, 2010). 3-D fluorescence
can be used as an additional tool for the characterisation of the pol-
yphenol extracts of kiwi fruit cultivars and their binding
properties.

*  MS spectra

The ESI-MS in negative ion mode of studied extracts slightly dif- fer
between cultivars. As it was shown previously the cultivars were
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Table 1
Bioactive compounds of seven kiwi fruit cultivars in ethanol (Et), water (W), acetone (Ac) and hexane (He) extracts."”
POL (mg GAE/g) FLAVON (mg CE/g) FLAV (IgCE/g) TAN (mg CE/§g)

HaywardEt 4.48 £ 0.44° 1.22 £0.12° 37.84 + 3.67%¢ 2.84 +0.26°
Daheung Et 4.18 +0.40° 0.99 +0.11° 5.82 + 0.56" 1.63 + 0.16"
HaenamEt 6.82 + 0.55" 4.25+0.41° 42.96 + 0.45° 2.85 +0.21°
BidanEt 11.45 + 1.12° 4.32+0.38° 15.80 + 1.51° 2.48 +0.23°
Hort16AEt 10.23 + 1.07° 1.23 +0.09° 31.88 + 3.21¢ 2.88 +0.28°
SKK12Et 14.48 + 1.46" 2.39 +0.21° 10.53 + 1.07° 3.01 + 0.28°
HwameiEt 13.11 + 1.29% 2.23+0.21° 9.46 +0.98° 2.81 +0.27°
HaywardW 5.30 % 0.45° 0.57 +0.12° 16.35 + 1.65° 1.17 £ 0.14°
DaheungW 5.50 + 0.54° 0.55 + 0.06" 7.90 + 0.78" 1.57 +0.14°
HaenamW 7.69 % 0.69" 0.70 + 0.09" 8.87 + 0.88° 1.17 £0.11°
BidanW 13.97 + 1.32¢ 1.00 +0.11° 39.92 + 3.83¢ 3.04 + 0334
Hort16AW 11.08 + 1.14° 1.37 £0.13° 8.59 + 0.81° 237 +2.24°
SKK12 W 16.34 + 1.11° 1.75 +0.07¢ 19.68 + 1.94° 1.60 + 0.03"
HwameiW 14.23 + 1.39¢ 1.62+0.11¢ 14.47 + 1.44%° 2.50 + 0.15°
HaywardAc 1.15 £ 0.05% 0.61 +0.07° 18.91 +1.87° 1.42 +£0.18°
DaheungAc 0.84 + 0.07° 0.48 +0.06" 2.98 £ 0.27° 0.82 +0.09"
HaenamAc 1.82+0.04° 2.11 + 0.24¢ 21.43 + 2.32° 1.43 +0.16°
BidanAc 3.39 +0.33¢ 2.17 +0.22¢ 7.84 +0.78° 1.25 +0.13°
Hort16AAc 2.74 +0.21° 0.62 +0.08° 15.91 + 1.58¢ 1.44 £0.15°
SKK12Ac 5.11 + 0.52° 1.21 +0.23° 5.24 +0.51° 1.51 +0.16°
HwameiAc 4.85 + 0.48° 1.12 +£0.12° 4.71 +0.47° 1.45 +0.14°
HaywardHe 0.49 + 0.03" 0.42 +0.07° 12.63 + 1.32¢ 0.95 +0.9°

DaheungHe 0.31 +0.04" 0.32 +0.03" 1.97 +0.19° 0.55 +1.2°

HaenamHe 1.15 +0.13° 1.43 £ 0.16° 14.31 + 1.34° 0.95 +0.7°

BidanHe 2.07 + 0.25° 1.45 + 0.14° 5.26 + 0.52° 0.83 +0.6"

Hortl6AHe 1.67 + 0.14™ 0.41 + 0.04° 10.63 + 1.13% 0.96 +0.5"

SKK12He 3.42 +0.33¢ 0.81 +0.08° 3.49 +0.32° 1.03 +0.09"
HwameiHe 3.04 +0.33¢ 0.75 + 0.07° 3.14 +0.31° 0.97 +0.09"

POL, polyphenols; FLAVON, flavonoids; FLAV, flavanols; TAN, tannins; CE, catechin equivalent; GAE, gallic acid equivalent; HaywardEt, DaheungEt, HaenamEt, HwameiEt,
Hortl6AEt, SKK12Et and BidanEt, kiwi fruit cultivars extracted with 100% ethanol; HaywardW, DaheungW, HaenamW, HwameiW, Hortl16AW, SKK12W and BidanW, kiwi
fruit cultivars extracted with water; HaywardAc, DaheungAc, HaenamAc, HwameiAc, Hortl6AAc, SKK12Ac and BidanAs, kiwi fruit cultivars extracted with acetone; Hay-
wardHe, DaheungHe, HaenamHe, HwameiHe, Hort16He, SKK12He and BidanHe, kiwi fruit cultivars extracted with hexane.

! Values are means +SD of 5 measurements.

% Values in columns for every bioactive compound with the same solvent bearing different superscript letters are significantly different (P < 0.05).

® Per g dry weight.

Table 2
The antioxidant capacities of seven kiwi fruit cultivars (lrnolTE/ g DW) in ethanol’\, water“, acetone‘-, and hexane” extracts."”’

Hayward Daheung Haenam Bidan Hort 16A SKK12 Hwamei

ABTS" 18.21 +1.65° 17.42 + 1.65° 2243 +2.18° 34.25 + 3.23° 31.15 + 3.11° 37.18 + 3.65° 33.25 +3.31°
ABTS® 20.41 + 2.11° 22.40 + 2.23° 26.18 + 2.43° 39.16 + 3.87° 34.12 + 3.41° 42.14 + 4.32¢ 39.35 + 3.87°
ABTS 4.82 +0.45° 4.05 + 0.42° 5.42 + 0.52° 12.41 + 1.24%° 11.12 + 1.11*° 14.15 + 1.43° 13.16 + 1.31°
ABTS” 1.61 +0.15* 1.42 +0.14% 1.83 +0.18° 423 +0.41° 4.11+0.41° 4.83 +0.48° 4.52 +0.45°
CUPRAC" 20.18 + 2.04° 19.44 + 1.87° 24.12 + 2.32°° 35.42 + 3.23" 32.14 + 2.16" 38.15 + 3.87° 34.18 + 3.21™
CUPRAC” 21.14 +2.11° 23.40 + 1.87° 27.41 +2.12° 40.18 + 3.23¢ 35.61 * 2.76° 43.27 + 3.23¢ 40.91 + 3.45¢
CUPRAC 4.01+0.32° 4.94 +0.27° 6.12 + 0.54°° 13.13 +1.21° 12.43 + 0.85" 15.25 + 1.32¢ 14.21 + 1.34°
CUPRAC" 1.51 +0.13° 1.38 +0.11° 1.73 £ 0.14 411 +0.41™ 3.85 +0.34° 4.63 + 0.43° 4.41 +0.27>
FRAP" 6.12 + 0.56" 5.42 + 0.54° 10.21 * 1.01°° 18.44 + 1.76° 11.25 + 1.12° 21.15 + 1.71° 20.14 +1.98°
FRAP® 7.12 + 0.65" 7.88 + 0.67° 11.33 + 1.08°° 21.32 + 1.78° 1312 +1.31° 24.55 + 2.18° 2311 +2.11°
FRAP® 1.58 +0.15" 1.15 + 0.09* 2.43 +0.18% 4.75 +0.28° 3.81+0.32° 5.36 + 0.43° 5.05 + 0.41°
FRAP" 0.53 + 0.04" 0.48 + 0.03" 0.81 + 0.07°° 1.65 + 0.09° 1.31+0.12° 1.98 +0.11¢ 1.79 +0.14°
DPPH" 6.95 + 0.54° 5.80 + 0.45% 7.65 + 0.45° 14.41 + 1.34° 11.18 + 1.13° 17.23 +1.43¢ 15.42 + 1.28°
DPPH" 6.08 + 0.56 6.90 + 0.43° 9.14 + 0.41%° 17.15 + 1.54° 13.24 +1.43° 18.42 + 1.67¢ 17.85 + 1.87°
DPPH® 1.75+0.17° 1.41+0.12° 2.18 +0.15°° 4.15 +0.32° 3.18 +0.23° 4.87 +0.28° 4.37 +0.32°
DPPH" 0.65 + 0.07° 0.52 + 0.05" 0.74 + 0.08°° 1.48 +0.12° 1.21 +0.09" 2.03 +0.04° 1.74 + 0.06°

!Values are means + SD of 5 measurements; > Values in columns for kiwi fruits with the same solvent bearing different superscript letters are significantly different (P < 0.05);
®per g dry weight. Cupric reducing antioxidant capacity (CUPRAC), 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) Ferric-reducing/antioxidant power (FRAP).
AB Extracted at room temperature in concentration of 25 mg lyophilized sample in 1 mL ethanol, 1 mL water, respectively.
2 Extracted at room temperature in concentration of 40 mg lyophilized sample in 1 ml acetone. {2 Springer
Hexane.
! Values are means +SD of 5 measurements.
2 Values in rows with different superscript letters are significantly different (P < 0.05).
® Per g dry weight.

classified according to fluorometric measurements to three groups: to another (Table 3). ‘"Hwamei’ slightly differ in methanol extracts
‘Hayward’ (including ‘Daheung’, ‘Haenam’, Hwamei’ and ‘SKK12’),  from the other four cultivars which belong to the ‘Hayward’ group
‘Bidan” and ‘Hort 16A’. There were done all the spectra analyses, (Table 3, Fig. 2B). MeOH/water/50/50 showed as well differences in
but only these groups are presented in Fig. 2 and Table 3. In all these 3 groups (Table 3, Figs. 2B, F, ]J). ‘Bidan’ contained also the
cultivars the main peak was at m/z 190.97 (100%) corresponded main peak with m/z 191(100%) with average peaks different from
to quinic acid (Table 3, Fig. 2), but small peaks differ from one group the first group such as 308.95 and 366.91 (Table 3). MeOH/water/
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Fig. 1. Contour maps of three dimensional fluorescence (3D-FL) spectra of ethanol extracts of A, B, C, D, ‘Hortl6A’ ‘“Hayward’; ‘Bidan’, D, and ‘Hwamei’. 2D-FL spectrum

illustrate the interaction between humam serum albumin (HSA), catechin, ethanol (E) and water (insert F) extracts of kiwi fruit cultivars. The change in the fluorescence

intensity as a result of binding affinity with kiwi fruit extracts: E, HSA [first line from the top with fluorescence intensity (FI) of 961.00]; HSA + ‘Hayward’ (second line from the
top with FI =923.94), HSA + ‘Haenam’ (third line, FI = 896.54), HSA + ‘Hort16A’ (fourth line, FI1 = 887.66), HSA + ‘Bidan’ (fifth line, FI = 863.18), HSA + ‘Hwamei’ (sixth line, FI
= 845.40), HSA + ‘SKK12’ (seventh line, FI = 816.41), HSA + catechin (eighth line, FI = 812.90). Insert F, HSA [first line from the top with fluorescence intensity (FI) of 967.64]; HSA
+‘Hayward’ (second line from the top with FI=948.00), HSA + ‘Hort16A’ (third line, FI = 863.23), HSA + ‘Bidan’ (fourth line, FI =817.90), HSA + catechin (fifth line,
FI=813.85), HSA +'Hwamei’ (sixth line, F1 =786.39), HSA +‘SKK12’ (seventh line, FI1 = 762.12). In all reactions were used the following conditions: HSA (2.0 x 10°mol/L);
catechin (1.7 x 10 mol/L); ethanol extracts in concentration of 50 lg/mL. The binding was during 1 h at 25 °C. Fluorescence intensities are on y-axis and emission

wavelengths - on x-axis.

formic acid/50%/49% /1% extracts were different and contained dif-
ferent peaks mostly in ‘Hayward’ and ‘Bidan’ groups of m/z

370.97 and 225.02, respectively (Table 3, Figs. G, K). Acetone frac-
tions of the groups showed one main peak of m/z 191 with a num-
ber of small peaks with different masses (Table 3, Figs. 2D, H, L, P).
As can be seen all kiwi fruit ethanol extracts characterised by chlor-
ogenic acid of the [M-H] - deprotonated molecule (11/z 353) and the
ion corresponding to the deprotonated quinic acid (m/z 191), which
was consistent with Sun, Liang, Bin, Li, and Duan (2007). The
recorded spectra were in the same scale (in the range between
100 and 600 m/z) for comparison. We choose negative mode for
the MS method because in many publications was described that
this mode is the best for analysis of low- molecular phenolic com-
pounds (Gémez-Romero et al., 2011; Sun et al., 2007). The main
peaks were identified and the recorded MS spectra can be used as

a fingerprint for characterisation of different kiwi fruit cultivars,
based on the percentage of the main peaks. The most abundant is
chlorogenic acid. This is in agreement with Mittelstadt, Negron,
Schofield, Mars@ Q}g}«fln ;Zi;rker (2013), who showed that one of the
novel aspects of kiwifruit is the presence of a high level of quinic
acid which contributes to the flavour of the fruit. Quinic acid metab-
olism intersects with the shikimate pathway, which is responsible
for the de novo biosynthesis of primary and secondary aromatic
metabolites. Our results are in accordance with Clifford (2000),
Fiorentino et al. (2009) and Sarbu et al. (2012), where fingerprinting
of kiwi fruit was suggested. Palafox-Carlos et al. (2012) showed the
interactions of four major phenolic compounds (chlorogenic, gallic,
protocatechuic and vanillic acid) found in “Ataulfo’ mango pulp. Sig-
nificant synergism was found in the majority of the all combina-
tions, as well as the combination of the four phenolics. Cultivars
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Fig. 2. ESI-MS spectra in negative ion mode of kiwi fruit cultivar groups extracts. A, B, C, D, EtOH, MeOH/water, MeOH/water/acid, acetone of ‘Hort 16A’; E, F, G, H, EtOH,
MeOH/water, MeOH/water/acid, acetone of “Hayward’; I, J, K, L, EtOH, MeOH/water, MeOH/water/acid, acetone of ‘Bidan’; M, N, O, P, EtOH, MeOH/water, MeOH/water/acid,

acetone of ‘Hwamei’.

of fruits and vegetables even grown in the same geographic and cli-
matic conditions could different significantly and therefore, it must
be taken into consideration (Koh, Wimalasiri, Chassy, & Mitchell,
2009; Toledo et al, 2008). Manolopoulou and Papadopoulou
(1998), described such differences in kiwi fruit cultivars. However,
in their study were investigated mainly respiratory and physico-
chemical changes of four kiwi fruit cultivars during cool-storage.
Manolopoulou and Papadopoulou (1998) investigated only four
cultivars: Allison, Bruno, Hayward and Monty harvested at the
proper stage of maturity. They investigated respiration rates, pro-
duction of ethylene, shelf-life. Among bioactive compounds only
ascorbic acid content was measured. No changes in antioxidant
activity were described. Therefore, it was decided to study seven
well known kiwi fruit cultivars, determine and compare contents
of main bioactive compounds and the level of the antioxidant
capacity in order to find the best for human consumption. It must
be underlined once again that these fruits were at the same stage
of ripening and grown in the same geographic and climatic condi-
tions. Therefore, no doubt, the determined data must be reliable.
The results of present investigation show that all kiwi fruit cultivars

contain high quantities of bioactive compounds. Also our previous
data (Park et al., 2008) and of others (Amodio, Colelli, Hasey, &
Kader, 2007; Jeong, Lee, Bae, & Choi, 2007; Tavarini,
Degl’Innocenti, Remorini, Massai, & Guidi, 2008) are in agreement
with our present results. However, the results are different for
different cultivars (Castaldo, Lo Voi, Trifiro, & Gherardi, 1992; Du,
Li, Ma, & Liang, 2009; Samadi-Maybodi, & Shariat, 2003). So, the
contents of the main bioactive compound - polyphenols was signif-
icantly high@‘;:\ iﬂ,ri’%l\ﬂ(ll, ‘Bidan” and ‘Hwamei’ (P < 0.05). The
obtained results depend on the year of collection and the extraction
procedure, therefore our recent published results differ from the
presently reported (Park et al, 2011). Also the significant highest
level of antioxidant capacity and binding abilities were registered
in the same cultivars: ‘SKK12’, ‘Bidan’ and "Hwamei’ (P < 0.05).

Conclusions
Seven relatively new cultivars were divided to three groups

mostly based on fluorometric measurements and supported by MS-
spectra. The contents of bioactive compounds, antioxidant
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Table 3
Mass spectral data (molecular ion and the major fragment ions of polyphenols
extracted from kiwi fruit).

Extracts [M-H-] and Compound
fragmentation in ESI, (% in MS)

Ethanol Hort 16A  190.90(100) Quinic acid
352.9(85) Caffeoylquinic
acid
Hayward 191.0(100) Quinic acid
352.9(10) Caffeoylquinic
acid
Bidan 190.97(100) Quinic acid
352.9(10) Caffeoylquinic
acid
438.83(15) n-Triacontanol Hwamei 191.0(100)
Quinic acid
371.04(12) Sinensetin or
tangeretin
Methanol:water Hortl6A 191.0(100) Quinic acid
(50:50) 352.98(22) Caffeoylquinic
acid
Hayward 191.0(100) Quinic acid
312.94(8) Cirsimaritin
370.97(11) Sinensetin or
tangeretin Quinic
Bidan 191.0(100) acid
308.95(14) Cinnamoyl glucose
Feruloylquinic
366.91(14)
acid
Hwamei  191.0(100) Quinic acid
370.97(24) Sinensetin or
tangeretin
Methanol:water:acid Hortl6A  191.0(100) Quinic acid
352.98(12) Caffeoylquinic acid

Quinic acid
Hayward 191.0(100)

215.01(14) Bergapten
312.94(14) Cirsimaritin
370.97(25) Sinensetin or
tangeretin Quinic
Bidan 191.0(100) acid
225.02(30) Uknown
308.95(12) Cinnamoyl
glucose
313.01(16) Cirsimaritin
371.04(15) Sinensetin or
tangeretin Quinic
Hwamei  191.0(100) acid
371.04(10) Sinensetin or
tangeretin
Acetone Hortl6eA  191.0(100) Quinic acid
266.95(15) Genistin
Hayward 191.0(100) Quinic acid
382.94(10) Uknown
Bidan 190.93(100) Quinic acid
308.95(15) Cinnamoyl glucose
Feruloyquinic
366.91(18)
acid
Hwamet 19T 06(T00) Quiricacid
339.12(8) Phenylnaringenin

capacity and binding properties are significantly higher in SKK12’,
‘Bidan” and ‘Hwamei’ cultivars. The SKK12’, ‘Bidan’ and ‘Hwamei’
and to less degree other four studied cultivars could be a valuable
addition to known disease preventing diets.
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Summary Two extractions with methanol and water were used to determine the antioxidant and binding properties of
some berries as a supplement to food. Fluorometry, FTIR spectra and radical scavenging assays were used for
characterisation of bioactive compounds (polyphenols, flavonoids, flavanols and tannins) and the levels of their
antioxidant activities (AAs). The contents of bioactive compounds and AAs in water and methanol polyphenol extracts
in gooseberries, blueberries and cranberries differed, but not always signifi- cantly. Water extracts of gooseberries
showed the lowest amounts of polyphenols (mg GAE g™),

6.24 = 0.6, and flavonoids (mg CE g?), 0.29 + 0.01, and AAs (IMTE g') determined by DPPH,

FRAP, ABTS and CUPRAC assays such as 6.05 = 0.6, 8.07 £ 0.9, 1870 = 1.8 and 13.44 £ 1.2, respec- tively, in
comparison with blueberries and cranberries. Polyphenol content highly correlated with antioxi- dant activity (R® from
0.94 to 0.81). The quenching properties of berries were studied by the interaction of water and methanol polyphenol
extracts with HSA by 3D fluorescence. In conclusion, the bioactivity of gooseberries was lower than in blueberries and
cranberries. Gooseberries can be used as a new source for food consumption and supplementation based on their
antioxidant and binding properties. 3D fluores- cence spectroscopy and FTIR spectroscopy can be applied as additional
analytical tools for rapid estima- tion of the quality of different food products.

Keywords Antioxidant activity, berries, bioactive compounds, food consumption.

have improved the scientific understanding of how ber-
ries promote human health and prevent chronic ill-
nesses such as some cancers, heart and

Introduction

Consumption of berries has become popular among

health-conscious consumers due to the high levels of
valuable antioxidants, such as phenolics, which include
flavonoids, tannins, flavanols and phenolic acids
(Wolfe et al, 2008 Battino et al, 2009; El Gharras,
2009; Paredes-Lopez et al, 2010; You et al, 2011;
Kang et al, 2012). Recent studies in vitro and in vivo
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all our scientific group during all his life. ¥S. Gorinstein is affiliated
with the David R. Bloom Center for Pharmacy.
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neurodegenerative diseases (Seeram, 2010). Adminis-
tration of a freeze-dried powder of mulberry (Morus
alba L.) fruit to rats on a high-fat diet resulted in a
significant decline in levels of serum and liver triglycer-
ide, total cholesterol and serum low- density
lipoprotein cholesterol, and a decrease in the
atherogenic index (Yang et al, 2010). Oxidative stress
and hypog@&nglgilﬁggr are linked to the increased inci-
dence of cardiovascular disease (Deyhim et al, 2007).
Cranberry was investigated as a chemotherapeutic
agent (Elberry et al, 2010). The effect of particle size,

© 2013 The Authors. International Journal of Food Science and Technology © 2013 Institute of Food Science and Technology
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use of infrared radiation and type of freeze-drying (vacuum FTIR spectra and fluorescence spectroscopy were used for
or atmospheric) on some nutritional proper- ties ofcharacterisation of the phytochemicals in berries,
blueberries was investigated (Reyes et al, 2011). The purpose extracted with water and methanol. As far as we know,
of some studies was to investigate and compare the no results of such investigations were published.
composition, stability and antioxidant properties of berry
extracts from selected cultivars using some extraction
methods (Chanda & Kaneria, 2012; Khoo et al, 2012).
Physalis peruvianacom- monly known as cape gooseberry, is Reagents

an Andean Solan- aceae fruit with high nutritional value and

interesting medicinal properties. Physalis peruvianaas been 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
used in folk medicine for its medicinal properties including (Trolox), 2,2-azino-bis (3-ethylbenzthiazoline-6-sul-
anticancer, antimycobacterial, antipyretic, diuretic, phonic acid) (ABTS), 1,1-diphenyl-2-picrylhydrazyl
immunomodulatory and anti-inflammatory properties (DPPH), Folin-Ciocalteu reagent (FCR), CuCl, 9
(Franco et al, 2007). Three species of Physalis fruit (PhysaliszH,0, 2,9-dimethyl-1,10-phenanthroline (neocuproine),
ixocarpa Brot, Physalis pruinosaL. and Phy- salis peruvianganthanum (I1I) chloride heptahydrate and FeCl; 9
L) from Colombia, Egypt, Uganda and Madagascar were gH,0 were purchased from Sigma Chemical Co., St
analysed by multivariate analysis (El Sheikha et al, 2012). In Louis, MO, USA. 2, 4, 6-Tripyridyl-s-triazine (TPTZ)
our recent research, the meth- anol extracts from different \ya5pyrchased from Fluka Chemie, Buchs, Switzerland. All
berries were investigated and compared (Arancibia-Avila €tyeagents used were of analytical grade. Deionised and

al, 2011). Bioactive compounds (polyphenols, flavonoids, gjstilled water was used throughout the experiment.
flavanols, tan- nins, anthocyanins and ascorbic acid) and the

level of antioxidant activity (AA) estimated by ABTS, DPPH,
FRAP and CUPRAC assays of water, acetone and hexane
extracts of Chilean ‘Murtilla’ and ‘Myrteola’ berries, Chilean Cape gooseberries (Physalis peruviang blueberries
and Polish blueberries, Chilean rasp- berries and Polish (vaccinium corymbosum and cranberries (Vaccinium
black chokeberry ~were determined and compared macrocarpol) were investigated. The fruits were har-
(Arancibia-Avila et al, 2012). We were interested t0 yested at their mature stage. All berries were pur- chased
investigate water and methanol extracts of relatively less at the local market in Gdansk and Warsaw, Poland. For
known gooseberry and to compare its composition with the the investigation, five replicates of five berries each were
widely consumed berries. The water extracts of berries are ysed. Their edible parts were sepa- rated manually
important from the point of view of tea consumption. To without using steel knives. The sepa- rated berries were
meet this aim, the con- tents of bioactive compounds weighed, chopped and homogenised under liquid nitrogen

(polyphenols, flavonoids, flavanols and tannins) and thein a high-speed blender (Hamil- ton Beach Silex
level of antioxidant activities (AAs) were determined and

compared. To receive reliable data, the AA was determined
by four assays: CUPRAC, ABTS, DPPH and FRAP (Brand- 100 g) was then lyophilised for 48 h (Virtis model 10-
Williams et al, 1995; Benzie & Strain, 1996; Re et al, 1999; 324), and the dry weight was determined. The samples
Apak et al, 2004). To determine the fluorescence properties were ground to pass through a 0.5-mm sieve and stored
of the extracted bioactive com- pounds, in vitro studies were at -20 °C until the bioac- tive substances were analysed.

performed by interaction of proteins with flavonoids.
Human serum albumin is the drug carrier protein and
serves to greatly amplify the capacity of plasma to transport
drugs. It was inter- esting to investigate in vitro how this The contents of polyphenols, tannins, flavonoids and
protein interacts with flavonoids extracted from berry flavanols in the extracts of the studied berries were
samples in order to obtain useful information about the determined as previously described (Gorinstein et al,
2009, 2010). The lyophilised samples of berries (1 g)

Material and methods

Samples

professional model) for 1 min. A weighed portion (50-

Determination of bioactive compounds and antioxidant activity

roperties of flavonoid-protein complex. Therefore, the -
fpun(l:)tional properties of a Eew kind of l?erry were studied by Were extracted with 100 mL of methanol and water (1:1)
the interaction of water and methanol polyphenol extracts at room temperature a“‘? in darkness for 24 h. The
with a small protein such as HSA (Zhang et al, 2009)_extracts were filtered in a Buchner funnel. The
Therefore, the aim of this research was to evaluate the polyphenols were determined by the of Folin-Ciocal- teu
bioactivity of gooseberries in comparison with more method with measurement at 750 nm using spec-
consumed ones such as blueberries and cranberries. trophotometer (model 8452A; Hewlett-Packard,
Rockville, MD, USA). The results were expressed as mg of
gallic acid equivalents (GAE) per g DW (Single- ton et al,
1999). Condensed tannins (procyanidins)

© 2013 The Authors Infernational Joumnal of Food Science and
International Journal of Food Science and Technology © 2013 Institute of Food Science and Technology



were extracted with 4% methanol vanillin solution, and
the extracts were measured at 500 nm. Flavo- noids,
extracted with 5% NaNO,, 10% AICl; 9 6H,0 and 1 m
NaOH, were measured at 510 nm. The amount of total
flavanols was estimated using the p-
dimethylaminocinnamaldehyde (DMACA) method, and
then the absorbance was read at 640 nm (Feucht

& Polster, 2001). (+)-Catechin served as a standard for
spectrophotometric determination of flavonoids, flava-
nols and tannins, and the results were expressed as cat-
echin equivalents (CEs).

The antioxidant activity was determined by four assays
2, 2-Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
diammonium salt (ABTS®") radical cation was pre-
pared by the addition of ABTS (7 mwm) and K;S,0g
(2.45 mwm). This solution was diluted with methanol
until the absorbance of the samples reached 0.7 at
734 nm (Re et al, 1999).
Ferric-reducing antioxidant power (FRAP) reagent
(2.5 mL of a 10 mmol ferric-tripyridyltriazine solution
in 40 mmol HCl plus 25 mL of 20 mmol
FeCl; 9 H,0 and 25 mL of 0.3 m acetate buffer, pH
3.6) (900 1L) was mixed with 90 1L of distilled water
and 30 IL of berry samples as the appropriate reagent
blank. The absorbance was measured at 595 nm (Ben- zie
& Strain, 1996).
* Cupric reducing antioxidant capacity (CUPRAC) was

determined based on the utilisation of the copper (II)-
neocuproine [Cu (II)-Nc] reagent as the chromogenic
oxidising agent. The absorbance at 450 nm was
recorded against a reagent blank (Apak et al, 2004).

1, 1-Diphenyl-2-picrylhydrazyl (DPPH) has an absorp-
tion band at 515 nm, which disappears upon reduction
by an antiradical compound. DPPH solution (3.9 mlL,
25 mg L) in methanol was mixed with the sample
extracts (0.1 mL) and then the reaction progress was
monitored at 515 nm until the absorbance was stable
(Brand-Williams et al, 1995).

Fluorometry and fourier transform infrared (FT-IR)
spectra studies

Two-dimensional (2D FL) fluorescence spectra mea-
surements for all berry extracts at a concentration of

0.01 mg mL ! were recorded on a model FP-6500, Jas-

co spectrofluorometer, serial N261332, Japan, equipped
with 1.0-cm quartz cells and a thermostat bath. The 2D
FL spectroscopy measurement was taken at emission
wavelengths from 310 to 500 nm and at excitation of
295 nm (Arancibia-Avila et al, 2011, 2012). Quercetin
was used as a standard. All solutions for protein inter-
action were prepared in 0.05 m Tris-HCI buffer (pH

© 2013 The Authors
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7.4), containing 0.1 m NaCl. The final concentration of
HSA was 2.0 9 10° m. The HSA was mixed with
quercetin in the proportions of HSA-extract = 1:1
(Wulfet al, 2005; Xiao et al, 2011a,b).

The presence of polyphenols in the investigated berry
samples was studied by Fourier transform infra- red
(FT-IR) spectroscopy. A Nicolet iS 10 FT-IR
Spectrometer (Thermo Scientific Instruments LLC,
Madison, WI, USA), with the smart iTR™ ATR
(Attenuated Total Reflectance) accessory, was used to
record IR spectra (Sinelli et al, 2008).

Statistical analyses

To verify the statistical significance, mean + SD of five
independent measurements was calculated. Differ-
ences between groups were tested by one-way anova.
In the assessment of the antioxidant activity, Spear-
man’s correlation coefficients (R) were used. Linear
regressions were also calculated. P-values of <0.05
were considered significant.

Results

Bioactive compounds

The results of the determination of the contents of the
bioactive compounds in all studied samples are sum-
marised in Table 1. Water and methanol extracts of
gooseberries showed lower amounts of polyphenols,

flavonoids, flavanols and tannins (6.24-3.77 mg
GAE g'; 0.29-0.45 mg CE g''; 6-81g CE g'*; and
1.01-1.24 mg CE g, respectively, Table 1) than blue-
berries and cranberries.

Antioxidant activity

As can be seen from Table 2, the AA (I TE g*) for
gooseberries by DPPH, FRAP, ABTS and CU- PRAC

assays was 6.05-4.61; 8.07-7.61; 18.70-19.13;

and 13.44-12.71, respectively. The antioxidant activ- ity
of blueberries was higher than that of gooseber- ries
and cranberries. As was calculated, a very good
correlation was found between the antioxidant activ-
ity and the contents of total polyphenols in water and
methanol extracts. The correlation between the
antioxidant activity and polyphenols was between
0.87 and 0.78.

Fluorometry spectra studies and FTIR spectra

The quenching properties of the berry samples are
shown in two-dimensional fluorescence spectra (2D FL)
and also their comparison with quercetin (Q). One of
the main peaks for HSA was found at kex/em

of 220/360 nm. The second main peak appeared for
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Table 1 Bioactive compounds in water (H,0) and methanol (MeOH) polyphenol extracts of gooseberries (GOOSEB, Physalis peruviang
cranberries (CRAN, Vaccinium macrocarpgnand blueberries (BLUEB, Vaccinium corymbosuyhi*

Extracts of berries

Indices, g”' DW

POLYPHEN, mg GAE

FLAVON, mg CE

FLAVAN, 1g CE

TANNINS, mg CE

GOOSEB, H,0 6.24 +0.6° 0.29 +0.01° 6 +0.8¢ 1.01+0.2°
CRAN, H,0 15.32 +2.5° 3.06 +0.4° 249 +14.5° 2.30+0.7°
BLUEB, H,0 57.47 £ 4.2 6.68 + 0.6% 1762 +25.6° 5.00 + 0.6°
GOOSEB, MeOH 3.77+0.1° 0.45 +0.01° 8+1.1¢ 1.24+0.1°
CRAN, MeOH 20.25 +0.4° 2.20 +0.1° 393+20.3° 1.76 £0.1°
BLUEB, MeOH 57.96 +0.42 6.68 +0.72 3210+40.42 24.80 +2.52

POLYPHEN, polyphenols; CE, catechin equivalent; GAE, gallic acid equivalent; FLAVON, flavonoids; FLAVAN, flavanols; nd, not determined; DPPH, 2,2-
diphenyl-1-picrylhydrazyl; CUPRAC, cupric reducing antioxidant capacity; ABTS, 2, 2-azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diammo- nium salt;
FRAP, ferric reducing antioxidant power.

*Values are means + SD of five measurements.

fValues in columns for every bioactive compound bearing different superscript letters are significantly different (P < 0.05).

*Per gram dry weight.

Table 2 Antioxidant activities in water (H,0) and methanol (MeOH) extracts of gooseberries (GOOSEB, Physalis peruviang cranberries (CRAN,
Vaccinium macrocarpdnand blueberries (BLUEB, Vaccinium corymbosuyh*

Indices, Im TE g' DW

Extracts of berries DPPH FRAP ABTS CUPRAC
GOOSEB, H,0 6.05+0.6° 8.07 +£0.9° 18.70 +1.8¢ 13.44+1.2°
CRAN, H,0 44.23 +4.5° 22.45 + 2.4° 64.83+6.5° 28.45+2.7°
BLUEB, H,0 75.09 +6.2° 177.25+14.6% 254.83+25.6" 250.95+18.6%
GOOSEB, MeOH 4.61+0.4° 7.61+0.9° 19.13+2.1¢ 12.71+1.1°
CRAN, MeOH 23.25 +2.49 26.11 +2.1° 68.40 +6.3° 32.67+3.1°
BLUEB, MeOH 142.03+11.42 149.00+11.72 265.92+25.42 265.76+20.5%

POLYPHEN, polyphenols; CE, catechin equivalent; GAE, gallic acid equivalent; FLAVON, flavonoids; FLAVAN, flavanols; nd, not determined; DPPH, 2,2-
diphenyl-1-picrylhydrazyl; CUPRAC, cupric reducing antioxidant capacity; ABTS, 2, 2-azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diammo- nium salt;
FRAP, ferric reducing antioxidant power.

*Values are means + SD of five measurements.

fValues in columns for every bioactive compound bearing different superscript letters are significantly different (P < 0.05).

*Per gram dry weight.

these samples at k ex/em of 280/350 nm (Fig. 1). Water (CRANBWE) with HSA (third line from the top) and
phenolic extracts showed slightly higher antioxi- dantwith CRANWE, HSA and Q (sixth line from the top)
properties than the methanol ones, but the differ- ences decreased the RFI of HSA by 13% and 29.9%, respec-
were not always significant in all extracts. The interaction tively. The reaction of gooseberry water extracts
between HSA and the water extracts (WE) of berries, HSA, (GOOSEBWE) with HSA (fourth line from the top) and
WE and Q (Fig. 1a), showed slight change in the position of with GOOSEBWE, HSA and Q (seventh line from the
the main peak at the wave- length of 360 nm and the top) decreased the RFI of HSA by 3.9% and 27.8%,
decrease in the relative fluo- rescence intensity (RFI). The respectively. These results showed that the binding
following changes appeared when the water extracts of properties of gooseberries were 7.2 and 1.5 times and
berries were added to HSA [initially the main peak was at3.3 and 1.1 times lower than that of blueber- ries and
emission of 360 nm and FI of 890.21 (Fig. 1a, the upper line cranberries, respectively. The following changes
is HSA). The reaction of blueberry water extractsappeared when the methanol extracts of ber- ries were
(BLUEBWE) with HSA (second line from the top) and with added to HSA (initially the main peak was at emission
BLUEBWE, HSA and Q (fifth line from the top) decreased of 360 nm and FI of 890.21, Fig. 1b, the upper line is
the RFI of HSA by 28.1% and 41.7%, respectively. The HSA). The reaction of blueberry metha- nol extracts
reaction of cranberry water extracts (BLUEBMeOHE) with HSA (second line from the top)
and with BLUEBMeOHE, HSA and Q
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(fifth line from the top) decreased the RFI of HSA by
13.9% and 31.3%, respectively. The reaction of cran-
berry methanol extracts (CRANBMeOHE) with HSA
(fourth line from the top) and with CRANBMeOHE,
HSA and Q (seventh line from the top) decreased the
RFI of HSA by 8.0% and 24.0%, respectively. The
reaction of gooseberry methanol extracts (GOOSE-
BMeOHE) with HSA (third line from the top) and with
GOOSEBMeOHE, HSA and Q (sixth line from the top)
decreased the RFI of HSA by 1.3% and 18.9%,
respectively. The lowest decrease was with
GOOSEBMeOHE without quercetin, but the syner-
gism of quercetin with cranberries and gooseberries
showed similar results. The water extracts showed
higher binding properties to berries than the methanol,
and the difference was significant in all berries.

Our most recent results showed that the fluorescence is
significantly quenched, because of the conformation of
the HSA changes in the presence of quercetin and
berry extracts. This interaction between quercetin and
HSA was investigated using tryptophan fluorescence
quenching. Other results (Xiao et al, 2011a,b; Zhang et
al, 2009) differ from that reported by us, probably
because of the variety of antioxidant abilities of pure
flavonoids and different ranges of fluorometry scan-
ning used in a similar study. Our in vitro results of
interaction between HSA and quercetin can be com-
pared with other reports (Zhang et al, 2009). There are
not too many applications of 3D fluorescence spec- tra;

therefore, our present conclusions - that 3D fluo-
rescence can be used as an additional tool for the
characterisation of the polyphenol extracts of berries

cultivars - correspond with the previous data (Gorin-
stein et al, 2010) and can be applied to any food anal-
ysis.

FTIR spectra of water (a) and methanol (b) extracts of
gooseberries, blueberries and cranberries are pre-
sented in Fig. 2 (lines from the bottom to the top).
The FTIR wave numbers in polyphenol water extracts
showed a broad band at 3273 cm™ for gooseberries
and blueberries, but for cranberries, there was a shift
to 3332 cm™ (phenolic OH band). Other bands were
detected at 2342, 2349 and 2345 cm™ for gooseberry,
blueberry and cranberry, respectively. At 1642 cm™
(C=0 stretching phenyl ring amino acid-1), this band
was detected for gooseberry and blueberry and at
1636 cm™ only for cranberry (Fig. 2a). The methanol
polyphenol extracts (Fig. 2b) showed similar bands at
3313, 2943 and 2834 cm! for three berries. At
1652 cm™ (characteristic CO  stretching), bands
appeared for gooseberry and blueberry and at
1715 cm™ for cranberry. In the range of 1445 cm’™, a
band was found for gooseberry. At 1410 cm™, a band
was found for blueberry and at 1391 cm™ (-OH phe-
nolic bending) for cranberry. The common bands at
1115 cm™ (aromatic bending and stretching) and at

© 2013 The Authors

Bioactive compounds in some berries J. Namiesnik et al.

821 cm™ were estimated for all berries. The compari-
son between the berries, their extracts and some stan-
dards in the range of common peaks is shown in

Tables 3-4. The best matching in the common range
of the peaks was in water extracts of the berries
between 3200 and 3000 cm™ (Table 3) of 87% with
tannic acid, 78% with hesperidin and 64% with gallic
acid. Caffeic and tannic acids showed the matching in

the range of 2500-2000 cm™ (Table 3) of 40%. In
phenolic extracts with methanol, similar matching of the
peaks was found in comparison with tannic acid
(84%) and hesperidin (70%). Quercetin in the range of

3500-3100 cm™ (Table 4) showed similarity with the
same bands of 70%, which was three times higher than

that in water phenolic extract. In the range of 3000-
1600 cm™ (Table 4), caffeic, gallic, tannic and ferulic
acids showed matching with the investigated berries
from 30 to 12%. These matching results for the first
time show that FTIR spectra can be used for the rapid
estimation of extracted bioactive compounds.
Quercetin exhibited the highest matching in the investi-
gated fruit extracts in comparison with fisetin, and caf-
feic and gallic acids in methanol extracts of
investigated berries. Difference between the standards
and the investigated samples can be explained by the
extraction procedures of the main polyphenols.

Discussion

A number of reviewed articles showed that the main
bioactive compounds determining the nutritional quality
of berries are polyphenols, anthocyanins and flavonoids
(Battino et al, 2009; Dai et al, 2009; Bo- wen-Forbes et
al, 2010). Seeram (2010) discussed also that
phytonutrients ranged from fat-soluble/lipophilic to
water-soluble/hydrophilic compounds. The health
benefits of blueberries and cranberries have long been
recognised, but less is known about gooseberries. It was
of great interest to compare gooseberry with blue- berry
and to find out whether the bioactivity of goose- berry
is on the same level as these berries in order to use it
as a novel additional food source. As was declared in
the Results, the contents of bioactive com- pounds
(polyphenols, flavonoids, flavanols and tan- nins) and
AA in water and methanol extracts were the lowest in
gooseberries. Our results, connected with the bioactive
compounds and AAs, are in correspondence with
others, showing that water extracts of blackber- ries
contain high amounts of bioactive compounds (Dai et
al, 2009). Our results correspond also with the
research of Wu et al. (2006), where concentrations of
total anthocyanins varied considerably from 0.7 to
1480 mg per 100 g FW in gooseberry (‘Careless’ vari-
ety) and chokeberry, respectively. DPPH radical scav-
enging activity of currant varied from 12.67 to

31.18 mmol TE kg™ (Wojdyo et al, 2013), and it was
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Figure 1 Change intherelative fluorescence intensity (RFI) in two-dimensional fluorescence (2D FL) spectra as aresult of binding affinity of
HSA, quercetin (Q, 0.79 9 10 ), water and methanol extracts of berries: (a) fluorescence spectra of HSA (2.0 9 10 m), HSA and water
extracts (WE) of blueberries (BLUEB), WE of cranberries (CRAN), WE of gooseberries (GOOSEB), HSA and WE BLUEB and quercetin (Q),
HSA and WE CRAN and Q; HSA and WEGOOSEB and Q (lines from the top to the bottom with RFI of 890.21, 640.45, 774.65, 855.14,
518.74, 623.66 and 642.97). (b) fluorescence spectra of HSA (2.0 9 10 m), HSA and methanol extracts (MeOHE) of BLUEB;

MeOHE of CRAN; MeOHE of GOOSEB; HSA and MeOHE BLUEB and Q, HSA and MeOHE CRAN and Q; HSA and MeOHE GOOSEB
and Q (lines from the top to the bottom with RF10f890.21,767.52,878.87,818.87,611.73,676.80 and 722.15).A,B,C,D,E, F, G, H, three
dimensional fluorescence spectra of WECRAN and HSA, WECRAN and HSA and Q; WEGOOSEB and HSA; WEGOOSEB and HSA and Q;
MeOHECRAN and HSA, MeOHECRAN and HSA and Q; MeOHEGOOSEB and HSA; MeOHEGOOSEB and HSA and Q.

Table 3 Matching of the peaks (%) in the FTIR spectrum of extracted polyphenols in water from gooseberries (GB, Physalis peruviang cran- berries
(CB, Vaccinium macrocarpgnand blueberries (BB, Vaccinium corymbosunand standards

Range of bands 3200-3000 cm’’ 2500-2000 cm’ 1800-1500 cm’'

Matching of standards/samples (%)

Standards GB BB CB GB BB CB GB BB CB
Gallic acid 64 64 64 37 33 36 0 1 0
Ferulic acid 23 23 23 26 19 25 2 3 3
Fisetin 20 19 16 35 34 35 3 2 3
Hesperidin 78 77 78 5 5 5 28 28 28
Tannic acid 87 87 87 41 40 40 6 6 6
Caffeic acid 52 48 53 40 35 40 26 26 26
Quercetin 23 22 22 26 26 26 1 1 1

Table 4 Matching of the peaks (%) in the FTIR spectrum of extracted polyphenols in methanol from gooseberries (GB, Physalis peruviang
cranberries (CB, Vaccinium macrocarpgnand blueberries (BB, Vaccinium corymbosupand standards

Range of bands 3500-3100 cm’' 3000-2800 cm’' 1800-1600 cm™' 1500-700 cm’

Matching of standards/samples (%)

Standards GB BB CB GB BB CB GB BB CB GB BB CB
Quercetin 70 71 70 1 5 6 1 3 3 5 8 5

Ferulic acid 17 17 18 14 12 11 18 8 18 6 5 55
Fisetin 10 17 17 10 15 12 3 22 3 7 7.5 7.5
Hesperidin 69 69 70 34 35 40 20 26 9 6 4 35
Tannic acid 84 84 84 14 16 14 9 35 2 35 35 37
Caffeic acid 34 38 35 27 30 24 16 17 3 11 10 16
Gallic acid 59 57 57 11 13 11 19 28 16 27 18 26

antioxidant capacity in terms of total phenolic content

similar to the results obtained in this research. Total
phenolic content of four berry fruits (strawberry, sas-
katoon berry, raspberry and wild blueberry), choke-
cherry and seabuckthorn ranged from 22.83 to

131.88 g kg™, which corresponds with our results as
well. Conclusions made in the report of Elberry et al.
(2010) are in line with our results about the high anti-
oxidant activity of berries. Our results are in accor-

dance with You et al. (2011), where four rabbiteye
blueberry cultivars (Powderblue, Climax, Tifblue and
Woodward) grown organically and conventionally were
compared regarding their chemical profiles and
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and antioxidant values determined by ABTS,
DPPH, FRAP and CUPRAC assays. The
comparison of the results of different solvents in
dabai fruit parts (metha- nol, ethanol, ethyl
acetate, acetone and water) and total phenolics,
total flavonoids and antioxidant capac- ity
(ABTS" and FRAP assays) were in accordance
with our data (Khoo et al, 2012). The acetone
extract had maximum phenol and flavonoid
content and showed the best DPPH free radical
scavenging activity and reducing capacity
assessment. Ethyl acetate extract showed best
superoxide radical scavenging activity, while
aqueous extract showed best hydroxyl radical
scavenging activity (Chanda & Kaneria, 2012).
Rop
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Figure 2 FTIR spectra of: (a) water extracts of gooseberries, blueberries and cranberries; (b) methanol extracts of gooseberries, blueberries and
cranberries from the bottom to the top. The elliptical symbols showed the similar range of the spectra in two extracts.

et al. (2012) showed that gooseberry (Physalis peruvi-ana) methanolic extracts of three cultivars expressed high
fruit is one of the less used raw materials of plant origin, antioxidant activity and correlated with the amount of
which can be used for human nutrition and can be promoted polyphenols. We have investigated the binding proper-
as a food additive in fresh and processed food, as an extractties of quercetin in aqueous and methanol media, using
from fresh or frozen fruits. The UV/vis and fluorometry, which is one of the
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major phenolic compounds found in berries. Our results
were in accordance with Guo et al. (2007), who
demonstrated that quercetin and other phenolic com-
pounds can effectively modulate iron biochemistry
under physiologically relevant conditions, providing
insight into the mechanism of action of bioactive
phenolics (Guo et al, 2007). Our results are in agree-
ment with Xiao et al. (2011a) as well that dietary
flavonoids are important polyphenols in berries as they
are of great interest for their bioactivities, which are
related to the antioxidative property. The binding
affinities with HSA were strongly influenced by the
structural differences of dietary polyphenols from

berries. The HSA-polyphenol interaction weakened
with the free radical scavenging potential of polyphe-
nols. The structural difference of flavonoids strongly
affects the binding process with plasma proteins.
Flavonoids played as a hydrogen bond acceptor when
bound to HSA (Xiao et al, 2011a,b). The relatively high
binding properties of gooseberries are important from
the point of view of their incorporation in food
products as an important ingredient. Our in vitro fluo-
rometry studies are in agreement with others, who
investigated the properties of berries in viva So, the
drinking of cranberry juice for 4 months affected anti-
oxidant capacity and lipid profile in orchidectomised
rats. Orchidectomy depressed plasma antioxidant
capacity of plasma and increased triglyceride and cho-
lesterol values of liver and plasma (Deyhim et al,
2007). Rats fed with goldenberry (Physalis peruvianp
juice showed lower levels of total cholesterol, total tri-
acylglycerol and total low-density lipoprotein choles-
terol, as well as higher levels of high-density lipoprotein
cholesterol in comparison with animals fed with HCD
and cholesterol-free diet (Ramadan, 2012). It is
possible to supplement food products with the extracts
of the studied berries, as it was shown in the study by
Lastawska (2010). The selected products were in the
form of hard gelatin capsules. They contained the
extracts from chokeberry, cranberry and blueberry. All
studied preparations showed antioxidant properties and
may provide substantial antioxidant protection. The in
vitro antioxidant capacity varied considerably and was
associated with the content of polyphenols in the
capsule. The studied gooseberry can be used as dry or
fresh material or as water extracts. The most impor-
tant aspect is the prevention of antioxidant properties
during the food processing. Our present results are in
correspondence with the previous results, where only
aqueous extracts were used, with other kinds of berries.
In our previous report, it was shown that aqueous
extracts of investigated berries were subjected to
different times of thermal processing. Only thermal
treatment of studied berries influences their quality:
berries after 10 and 20 min of thermal processing pre-
served their bioactivity (Arancibia-Avila et al, 2012).
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This is in accordance with Reyes et al. (2011), who
showed that ascorbic acid content was decreased in
freeze-dried blueberries compared with fresh fruit,
while polyphenols were decreased in atmospheric
freeze-drying unlike in vacuum freeze-drying, where
this nutritional property was increased. The results
show promising perspectives for the exploitation of
berry species with considerable levels of nutrients and
antioxidant capacity in foods. Our data add valuable
information to current knowledge of the nutritional
properties of berries, such as the considerable antioxi-
dant and binding capacities that were found. In con-
clusion, the bioactivity of gooseberries is lower and
comparable with blueberries and cranberries. Goose-
berries are a promising exotic fruit that could be made
into many novel dishes. 3D fluorescence spectroscopy
and FTIR spectroscopy were used as additional tools
for the characterisation of the polyphenol extracts in
different berry cultivars. The analytical methods used
in this study can be applied for any food analysis.
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