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BIOCHEMICAL COMPOSITION AND ANTIRADICAL ACTIVITY OF ROWANBERRY
(SORBUSL.) CULTIVARS AND HYBRIDS WITH DIFFERENT ROSACEAE L.
CULTIVARS
PILADZU (SORBUSL.) SKIRNU UN TO HIBRIDU AR CITIEM ROSACEAE L.
AUGLAUGIEM ANTIOKSIDAT IVA AKTIVIT ATE UN BIOKIMISKAIS SASTAVS
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Abstract

Rowanberry $orbus aucuparid..) is a common yellowish, wild berry that growsthe Northern
part of Europe. Rowan has been described as anrtamposource of flavonoids and their
antioxidant activity affects reactive oxygen speciad lipid peroxidation. The aim of this study
was to evaluate the biochemical composition of\8artberry cultivar fruits and the fruits of their
hybrids withRosacead.. cultivars and to establish the correlationtait biochemical composition
with antiradical activity. The experiments were daat the Faculty of Food Technology, Latvia
University of Agriculture (LLU) and in the Latviat&e Fruit Growing institute, Dobele. The
content of ascorbic acid, the total phenols, antanins, carotenoids, soluble solids, titrable acids
tannins and the antiradical activity of fresh amrdzén rowanberryxhawthorn '‘Granatnaya’,
rowanberryxchokeberry 'Likiornaya', rowanbe¢8orbus aucupariaRosina’', rowanberrgSorbus
aucuparia) 'Zholtaya', wild rowanberrySorbus aucuparia)rowanberryxpear 'Alaya Krupnaya',
rowanberry (Sorbus aucuparia)Rosina Variegata', rowanberi§gorbus aucuparia)Krasnaya
Krupnaya' were analysed. There were no signifidiffearences between the chemical composition
of fresh and frozen rowanberry samples. The higbestent of ascorbic acid was in fruits of the
rowanberry ‘Rosina’, 'Rosina Variegata', 'Krasnkyapnaya', and 'Zholtaya' (49 — 53 mg 10%).g
The highest content of carotenoids were detectedwiranberryxhawthorn 'Granatnaya‘ (13.04 mg
100 g%, but the highest phenol content was detectechénrowanberry and chokeberry hybrid
'Likiornaya' (484.9 mg 10079. 'Likiornaya' showed also the highest antiradativity (11.2 g of
berries per 1g of DPPH radical).

Kopsavilkums

Piladzi (Sorbus aucuparid..) ir izplatits savéas autpugs, kas aug Eiropas zidmelda. Piladzi ir
raksturoti k& noamigs flavonadu avots un to antioksidaé aktivitate ietekn® reakivo skabekli un
lipidu peroksidciju. Petijuma nerkis bija iz\ertét biokimisko sagtvu 8 pladzu irpu un to
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hibridu ar citiemRosacead.. audaugiem, noteikt kor@tiju starp to antioksidato aktivitati un

biokimisko sastvu.

Eksperimenti tika veikti Latvijas Lauksaimnibas universittes Rirtikas tehnolgijas fakulaté un

Latvijas Valsts Autkopibas instiita 2008. gad. Piladzu irpu un hibidu paraugi tika ieakti no

Piares Dirzkopbas izmaginajumu stacijas kolekcijas. Analits tika svaigu un sadtl piladZza x

vilkabeles 'Granatnaya',llpdZza x aronijas 'Likiornaya',1jadZza (Sorbus aucuparia)Rosina’,
piladza (Sorbus aucuparia)Zholtaya', savas pladza (Sorbus aucuparia)piladza x bumbiera
'‘Alaya Krupnaya', padza (Sorbus aucupariajRosina Variegata', ladza (Sorbus aucuparia)
'Krasnaya Krupnaya' paraugu askodbabes, kopjo fenolu, karotintdu, %isto&is sausnas,
miecvielu saturs un antioksidei aktivitate.

Starp svaigiem un satiem pladzu un to hibidu paraugiem netika konsttds litiskas atgiribas.

Augstkais askorinskibes saturs bija ‘Rosina’, 'Rosina Variegata', 'Keg® Krupnaya', un
'Zholtaya' paraugiem (49 — 53 mg 108).gAugstkais kogjo karotinddu saturs bija adza x

vilkabeles 'Granatnaya‘ aligm (13.04 mg 100 Y, bet auggikais kogjo fenolu saturs bija
piladZa un aronijas hibam 'Likiornaya' (484.9 mg 100% 'Likiornaya' uzadija af augsiko

antioksidatvo aktivitati (11.2 g ogu uz 1 g of DFPH radil).

Key words: ascorbic acid, phenols, antiradical activity (DRPfbzen, fresh

Introduction

Rowanberry(Sorbus aucuparid..) is a common yellowish, wild berry that grows ire thorthern
part of Europe. They have been described as anriemosource of flavonoids and their
antioxidant activity affects reactive oxygen specand lipid peroxidation (Gil-lzquierdo and
Mellenthin, 2001).

The fruits of rowan $orbus aucuparid..) have been traditionally used for jellies and jaing,
their wider use as food ingredients has been legsilar because of their bitter taste. The first
sweet rowanberry clones were selected in the Sudetintain area, in the current Czech Republic
area in the 19 century. A breeding program for sweet rowanbemies started by Michurin in
Russia at the beginning of 2@entury, resulting in interesting hybrids of thivanberry Sorbus
aucuparial.) with the Aronia, Malus, Mespilusor Pyrus species. Sweet rowanberries have been
bred particularly for northern conditions and hatewn excellent winter-hardiness in Russia and
Finland. The taste of these berries is less agninthan that of wild rowanberries, and the berries
are often larger. The total phenolic content cary ggeatly among the sweet rowanberry cultivars
ranging from 550 — 1014 mg 100" @f fresh weight of berries. A high correlation Wween the
antioxidant capacity and phenolic contents of sweetnberries was established (Hukkaeeal,
2006). Including different types of berries otheinriish authors found that the phenolic
composition data showed no remarkable correlatietwéen antioxidant activity and total
phenolics. A statistically significant correlatiomas observed between flavonol content and
antioxidant activity, and between hydroxycinnamiidaand antioxidant activity (Kahkénest al.,
2001).

Rowanberries contain also carotenoids, vitaminrtg, dtamin C, which might also contribute to
their antioxidant capacity. According to Piir andillérg (2003) carotenoid levels in sweet
rowanberries are as high as those in carrots, awelsl of vitamin C are close to those of
strawberries, varying from 12-21 mg 100 ¢Granatnaya’) to 86 mg 100'q‘Zholtaya’) (Piir and
Niiberg, 2003; Hakkineret al, 1999). Also higher vitamin C content is foundtie rowanberry
varieties 8. aucupariathan in the hybrid cultivars.

The Pure Horticultural Research Centre has a leoection with sweet rowanberry cultivars and
their hybrids withRosaceaé.. genus cultivars collected from Russia and otteemtries. But there

is still little information about the biochemicabmposition and the nutritional value of the frwfs
these cultivars.

Therefore the aim of this study was to evaluatebibehemical composition and nutritional value
of 8 rowanberry cultivars and hybrids with othBosaceael. genus cultivars and to find
correlations between of the biochemical compositind the antiradical activity.
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Materials and methods

The experiments were done at the Faculty of Foarthi@ogy, Latvia University of Agriculture
(LLV), Jelgava, and at the Latvia State Fruit Gmogvinstitute, Dobele. The samples of rowan
cultivars and their hybrids were collected from Eha@e Horticultural Research Centre collection of
genetic resources.

The samples were analyzed fresh and after freealfter harvesting the rowanberries were sorted,
frozen in a freezer PORKKA BF 710 at the tempertfr-25+2 °C, then packaged and stored for
one month in the freezer chamber VTK 201 U at goemature of -20+2 °C.

Contents of titratable acids, soluble solids, asicoacid, total phenols, carotenoids, and the
antiroxidant activity (DPPH) of the fresh and frazeuits of wild rowanberry $orbus aucuparig
rowanberryxhawthorn 'Granatnaya’, rowanberryxchekgb 'Likiornaya', rowanberry Sorbus
aucuparig 'Rosina’, rowanberry Sporbus aucuparia 'Zholtaya', rowanberryxpear ‘Alaya
Krupnaya', rowanberrySorbus aucuparig’Rosina Variegata', and rowanber8o(bus aucupariga
'Krasnaya Krupnaya' were analysed.

The content of the ascorbic acid was determinettiation with a 0.05-M iodine solution (Moor
et al, 2005). 25 g of berries were doused with 100 ml6o%o solution of oxalic acid and
homogenized for 1 minute. Then the sample wagéitte2 ml of 1 % solution of starch was added
to10 ml of filtrate and the filtrate was titratedtil change of colour, which does not disappear
during 30 seconds. The content of ascorbic acidoergl00 g of berries was calculated from the
following equation [1]:

C = 400. Yz, [1]
standard
where Vsampie— Volume of the iodine solution titrated in a saepphl;
Vsiandara— VOlume of the iodine solution titrated in a startisolution, ml.

Thetotal titrable acidsvere determined by titration with 0.1 N NaOH (IS&071998) in fresh and
frozen berries.

The contents o$oluble solidsvere determined by a refractometer (ISO 2173:2003)esh and
frozen berries.

The total phenol content was determined by the photomebethod with a Folin-Ciocalteau
reagent (Singletoret al, 1999). For analyses of phenols the Folin-Cioealteeagent and 4 ml
7.5% sodium carbonate was used. After 30 minutes samples were analyzed with a
spectrophotometer at the wave length of 765 nma Asntrol solution 1 ml water with 5 ml Folin-
Ciocalteau reagent and a 4 ml 7.5 % sodium carbaw@ution was used. The content of phenols is
calculated from formula [2]:

C

x= a-1c, 2]

where C — content of phenols, mg 100 g
a — the amount of analyzed sample, g.

The results of all analyses were recalculated @dLof dry weight.
Carotenoids were analyzed by the spectrophotometéthod at a wave length of 440 nm
(Epmakos , 1987). One to two grams of homogenized berriegevplaced in a 100 ml conic retort
and 20 ml 96 % ethanol was added. The sample weedsby a magnetic stirrer for 15 min then 25
ml petrol ether was added and stirring was contirfioe one more hour. After 3 — 4 hours when
both layers were completely separated, the topofygllayer was used for the further detection of
carotenoids at a wave length of 440 nm. The caeotequivalent (KE) was found, using a
graduation curve with }Cr,O;. The content of carotenoids (mg 108 gvas calculated by equation
4:

0.208-25-100- KE [4]
36-a
where 0,208 and 36 coefficients for the relatigmfletween KCr,O;and carotenoids;

X =
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25 — dilution coefficient;
KE — carotene equivalent from the graduation curve;
a — sample weight, g.

The antiradical activity (ARA) of frozen berries wasadyzed by the spectrophotometric method
with the N,N-diphenil-N’-picrilhydrazil (DPPH) reagt at a wave length of 517 nm (Milauskes

al., 2004). 50 ml of ethanol was added to 10 g ofibmogenized sample; the glasses were closed
by Parafilm and stirred for 2 hours for extractiédfiter 2 hours top clear layer was decanted, 50 ml
ethanol added to the sample and the extractiorreypasated for 2 hours. 2.9 miL0*M DPPH was
filled in the cuvette and 100 ul of extract addEde sample was stirred and placed in the dark for
30 min. Then the absorption was measured at 51{&pettrophotomter UV — 1650 PC). ARA was
calculated by equation 5:

ARA= M.m(}%, [5]

FPH

where: Awppn— absorption of DPPH reactive;
Asampie @bsorption of DPPH after addition of fruit extra

Tannins. The total content of tannins was detegsiuly the traditional method by titration with 0.1
n KMnO, (Imern, 1960). The content of tannins (x) was calculditech formula 6:

(v, -Vv,)-0.04157-100 6]
a 1

where \- the amount of 0.1 n KMnfused in the first titration, ml;
Vv, — the amount of 0.1 n KMnf@sed in the second titration, ml;
a — the amount of 0.1 n KMn@sed for oxidizing of 10 ml of 0.1 oxalic acid, ml.

X =

Results and Discussion

The evaluated components of chemical compositiah rdit significantly (p=0.13-0.59) differ
between the fresh and frozen samples that demtmsker possibility of frozen rowanberry usage
similar to the fresh ones.

The ascorbic acid content of rowanberry cultivard ¢heir hybrids is similar to many other fruit
species and did not exceed 53 mg 100 which is similar to that mentioned in literatui@il-
Izquierdo Mellenthin., 2001). The highest conteh&scorbic acid was detected in the rowanberry
‘Rosina’, 'Rosina Variegata', 'Krasnaya Krupnagay 'Zholtaya' (Figure 1). The wild rowanberry
and hybrids with differenRosacead.. genus cultivars had the significantly lower tam of
vitamin C.
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Figure 1. Ascorbic acid content in rowanberries & hybrids.
*Values, marked with the same letter, are not digantly different at p=0.05
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The titrable acids content of the evaluated rowambeultivars and the hybrids was 1.6 — 2.8 %
(Table 1). The highest acidity was found in thedwibwanberry, but the lowest titrable acids
content were in the hybrids rowanberryxhawthornaf@tnaya', and rowanberryxchokeberry
‘Likiornaya'.

Table 1. Biochemical composition of rowanberried #dreir hybrids

Cultivar Titrable acids, % | Carotenoids, mg/100d Tannins, %
Rowanberryxpear ‘Alaya Krupna 261+ 01C%®[ 924+ 01€° 03+ 00"
Rowanberryxhawthom 'Granatne 1,76+ 0,04°| 130¢+ 06€° 037+ 0,01%
Rowanberry Sorbus aucupar ) 'Krasnaya Krupnayi 265+ 012 7284 0,24° 0,12+ 0,0z°
Rowanberryxchokeberry 'Likiorna 16:+ 002°| 1046+ 008" 03¢+ 00
Rowanberry 'Rosina Variegata' 267+ 0Bp 808+ 014 -

Rowanberry $orbus aucuparij'Rosina 248+ 008] 1004+ 027" 0,38+ 0,00”
Wild rowanberry Sorbus aucuparij 280+ 003F| 952+ 031" 0,42+ 0,02
Rowanberry Sorbus aucuparip'Zholtaya' 209+ 008]| 953+ 036" 032+ 0,04

The soluble solids content in rowanberries varietiveen 11 and 18 % (Figure 2). An interesting
fact was that the highest soluble solid content wadke wild rowanberrySorbus aucuparja(18.0

%, in average). All other rowanberry cultivars dndbrids had a significantly lower soluble solid
content than the wild rowanberry and did not reaeén 16 % though in literature the content of
soluble solids in fruits of cultivars 'Rosina’ adholtaya' were mentioned as being above 19 %
(Hukkaneret al, 2006). This means that the soluble solids of rdvearies can greatly fluctuate in
different regions and during different years.
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Figure 2. Content of soluble solids in rowanbereed their hybrids.
*Values, marked with the same letter, are not digantly different at p=0.05

The total phenol content of rowanberries and thglirids differed between 162 and 485 mg 1b0g
of fresh weight (Figure 3). It is lower than remattin literature (Hukkanemt al, 2006). The
highest phenol content was detected in the rowaylaerd the chokeberry hybrid 'Likiornaya' (in
average 484.9 mg 100y

The differences in théotal carotenoidcontent of eight rowanberry cultivars and hybrigsre
between 7 and 13 mg 100 gf fresh berry weight (Table 1). The rowanberrd &iawthorn hybrid
'Granatnaya' had the highest carotenoid conten®41r8g 100 g, in average).
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The total tannin content of the evaluated samples lvetween 0.3 and 0.4 %, and only rowanberry
cultivar 'Krasnaya Krupnaya' had a significantlwés content of total tannins (0.13 % on average)
(Table 1). The wild rowanberry had the highest eantof tannins (0.42 % in average) which
explains the most astringent flavour of these berdompared to other rowanberry cultivars and
hybrids.

The DPPH radical scavenging activity of the evaddatamples ranged from 2.5 to 11.2 g of berries
per g of DPPH radical (Figure 3). The highest adical activity (DPPH) was found in the
rowanberry and chokeberry hybrid 'Likiornaya' (1¢.8f berries per g of DPPH radical).

There was a significant (p=0.01) correlation betw#lge antiradical activity and total phenolic
content (r=0.960) (Figure 3).
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Figure 3. Pearson correlation plot between theadital activity (DPPH) and total phenolics of
rowanberries and their hybrids.

The correlation between antiradical activity andemdlic content was found also in other
investigations with berries (Hukkanet al, 2006; Gil et.al., 2002). There was no statistically
significant correlation between vitamin C contemd aantiradical capacity and also between
carotenoids and antiradical capacity although thegactive compounds are mentioned as strong
antioxidants (Puupponen-Pimi al, 2001; Sergicet al, 1999; Sies and Stahl, 1995). This could
be explained by the similar amounts of vitamin @ aarotenoids in several rowanberry cultivars
and hybrids while the phenolic content was diff¢fen the three better cultivars. It was also found
that a significant negative correlation exists kesw the antiradical activity and the titrable acid
content (p=0.008, r=-0.886). It is difficult to @rany explanation for this correlation and it seems
that it is specific only to the evaluated rowanpeultivars.

Conclusions

There were no signifficant diferences between thendcal composition of the fresh and frozen
rowanberry samples.

The highest content of ascorbic acid was foundowanberries ‘Rosina’, 'Rosina Variegata',
'Krashaya Krupnaya', and 'Zholtaya' (49 — 53 mg g0 The highest content of carotenoids was
detected in the rowanberryxhawthorn 'Granatnay8.:04 mg 100 @), but the highest phenol
content was detected in the rowanberry and chokelsbrid ‘Likiornaya' (484.9 mg 100y
‘Likiornaya' also had the highest antiradical atti¢11.2 g of berries per 1g of DPPH radical).
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There was a significant correlation established d@tween the antioxidant activity and the total
phenolic content (r=0.886).
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RESEARCH ON THE MINERAL COMPOSITION OF AMERICAN CRA NBERRIES
AND WILD CRANBERRIES IN LATVIA
AMERIKAS LIELOGU UN SAVVA LAS DZERVENU OGU MINER ALA SASTAVA
SALIDZINOSS IzVERTEJUMS
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Institute of Biology, University of Latvia, Mierati®et 3, Salaspils LV-2169, Latvia,
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Abstract

Wild cranberry Yaccinium oxycoccud..) is one of the small fruit species of commercial
importance in Latvia, traditionally used in folk-dieine and food. Typically, there are wide
fluctuations in yield annually and between diffargrarts of the country. The commercial
cultivation of American cranberryéccinium macrocarporhit.) was successfully started during
last 15 years and today Latvia is the fourth majanberries producing country. With the increase
in consumption of cranberries, widely considerethdpe@s one of the healthiest foods, it becomes
important to have detailed information on the rigmial content of cranberries. The aim of this
study was to compare the contents of twelve bichlty essential elements (N, P, K, Ca, Mg, S,
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