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Flavonols, Phenolic Acids and Antioxidant Activity of Some Red Fruits

Summary

Red fruits (blueberry, blackberry, chokeberry, strawberry, red raspberry,
sweet cherry, sour cherry, elderberry, black currant and red currant) were
analyzed for f lavonols (quercetin, myricetin, and kaempferol), hydroxy-
cinnamic acids (caffeic, ferulic, p-coumaric acid) and hydroxybenzoic ac-
ids (phydroxybenzoic,  e l lag ic  ac id)  by us ing HPLC method.  Compounds
were analyzed as aglycons after acid hydrolysis with 1.2 mol dm 3 HCl.
Each fruit sample was analyzed for total polyphenols (TP) and total an-
thocyanins (TA).  TP ranged f rom 1763 to 7194 mg kgl f resh weight
(FW) rn red raspberries and chokeberries, respectively. TA ranged from
169 to 4069 mg kg, FW in strawberries and blueberries, respectively.
F lavonols var ied f rom 4 mg kgr  in  red raspberr ies to 183 mg kg1 in
blueberries. Hydroxycinnamic acids were found in relatively high concen-
t rat ions in  b lueberr ies (92 mg kg1) and in b lack currant  (70 mg kgr)
and represented significant portion in sour and sweet cherry phenolics. The
amount of ellagic acid was hrgh in blackberry (121 mg kg 1), strawberry (41 mg
kg l) and red raspberry (32 mg kgr) The strongest antioxidant activity de-
termined by DPPH'and ABTS'- assays showed chokeberry, followed by
blueberry, black currant and elderberry. Antioxidant activity correlated
better with TP than with TA, total f lavonols (TF), or total hydroxycinnamic
acids. Additionally, l inear relationship was observed between antioxidant
activity of fruits and c0ntent 0f caffeic acid, quercetin and p-coumaric

acid.Overall results showed that red fruits can serve as good source of
b ioact ive polyphenols in  human diet ,  but  due to h igh concentrat ions of
anthocyanins, f lavonols, phenolic acids and strong antioxidant activity,
chokeberry, blueberry, elderberry and black currant can be regarded as
good candidates for  nutr i t ional  supplement  formulat ions.

Zusammenfassung

Die Konzentration der Flavonole (Quercetin, Myricetin, und Kaempferol),
der Hydroxyzimtsaure (Kaffeesdure, Ferulasdure und p-Cumarsdure)

und der Hydroxybenzoesaure (p-Hydroxybenzoesaure und Ellagsaure)
aus roten Fruchten (StlB-und Sauerkirschen), sowie aus Beerenfrlrch-
ten (Blaubeere,  Brombeere,  Aronja,  Erdbeere,  Himbeere,  Holunderbeere,
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schwarze und rote Johannisbeere) wurde mittels HPlC-Methode be-
st immt.  Die Verbindungen wurden a ls  Aglykon nach der  Hydrolyse mi t
1,2 mol  dm 3 HCI analys ier t .  In  jeder  Frucht  wurden auch d ie Gesamtpo-
lyphenole (TP) und Gesamtanthocyane (TA) bestimmt TP variierte von
1763 in der  Himbeere b is  7194 mg kg r  (FW) in der  Aronia.  TA var i ier te
von 169 (Erdbeere)  b is  4069 mg kgr  FW (Blaubeere) .  Die Konzentrat ion
der F lavonole var i ier te von 4 mg kgr  in  der  Himbeere b is  183 mg kg r  in
der Blaubeere. Die hochsten Konzentrationen an Hydroxyzimtsaure wur-
den in der  Blaubeere (92 mg kg 1)  und in der  schwarzen Johannisbeere
(70 mg kgr)  gefunden und ste l l ten e inen bedeutenden Ante i l  der  phe-

nole in  den SuB- und Sauerk i rschen dar .  Die El lagsaure-Konzentrat i0n

betrug in  der  Brombeere 121 mg kgr ,  in  der  Erdbeere 4 l  mg kgrund in
der Himbeere 32 mg kgI. Die starkste antioxidative Aktivitat, die mittels
DPPH. und ABTS*-Methoden bestimmt wurde, zeigten Aronia, schwarze
Johannisbeere und Holunderbeere. Die antioxidative Aktivitat korreliert
besser mit TP als mit TA, mit den Gesamtflavonolen (TF) oder mit der
Gesamthydroxyzimtsaure. Es wurde eine l ineare Korrelation zwischen
der antioxidativen Aktivitat der Fr0chte und der Kaffeesaure-, 0uercetin-
und p-Cumarsaure-Konzentration festgestellt. Alle Ergebnisse weisen
darauf  h in,  dass d ie Beerenfr l ichte und Kirschen a ls  e ine re iche Ouel le
bioakt iver  Polyphenole in  der  menschl ichen Erndhrung d ienen konnen.
Aronia,  Blaubeere,  Holunderbeere und schwarze Johannisbeere haben
die hdchste Anthocyan-, Flavonol-, und Phenolsaure-Konzentration. Sie
zeigen auch die stdrkste antioxidative Aktivit i i t und k0nnen aus diesem
Grunde als gute Rohstoff-Kandidaten in der Produktion von funktionellen
Lebensmitteln eingesetzt werden.

Keywords: Red fruits, berries, f lavonols, phenolic acids, antioxidant ac-
tivity / rote FrLichte, BeerenfrLichte, Flavonole, Phenolcarbonsauren, anti-
oxidative Aktivitat

* E-mail: l jakobek@ptfos.hr, Tel.: +385-31 -224-300, Fax: +385-31-207-l l5

0r ig ina la rbe i ten  r369



R2

R3

o
Flavonols
Myr icet in R,=R.=R,-OH

Quercetin R =R,=OH, R.=H

Kacmpferol R,= OH. R,= R,= H

OH

A,"
l l - l  H
Y

o4ott

p-Hydroxybenzoic acid

llydroxybenzoic acids

Hydroxycinnamic acids

p-Coumaric acid R=H

Caffeic acid R=OH

Ferulic acid R=OCH,

Ellagic acid

Fig 1 Structures of aglycons of f lavonols and phenolic acids

Introduction

Flavonols (Fig. 1) belong to the large group of polyphenolic

con'rpounds. They contain a common molecular structure

that consists of the tricyclic Co-C,-Co "flavon skeleton" and

are widespread in plants where they occur r'rsually as O-

glvcosides. Although over 200 flavonol aglycons have been

identif ied in plants, only four of these' quercetin, kaemp-

ferol, myricetin and isorhamnetin, are common in fruitsl ' .

Phenolic acids (Fig. 1) (hydroxycinnamic and hydroxvben-

zoic acids) belong to the group of pol,vphenolic compounds

as well, and occur in fruits as esters, glycosides and amides.

The most common hydroxycinnamic acids are p-coumaric,

caffeic and ferulic acid, while the corresponding hydroxy-

benzoic acids are p-hydroxybenzoic, gall ic, ellagic, 3,4-di-

hydroxybenzoic, vanil l ic, and syringic acidr-1).

In the last few decades flavonols and phenolic acids, are

studied intensively because of their potent positive role in

human health. Flavonols, phenolic acids and other polyphe-

nois are potent antioridants, free radical scavengers'jr and

metal chelators; they exhibit various physiological activi-

t ies including anti-inflammatory, anti-allergic, anti-carcino-

gcr.ric, anti-arthrit ic activit iesr'6-n). They may have a positive

role in clecreasing the risk of some chronic diseases such as

cancer or heart diseasese-'r '. Most of these biological effects

of polyphenols are believed to come from their antioxidant

properties12r. One of the most important sources of polyphe-

nolic compounds among dietary plants is small red fruitsrr'.

Strongly coloured berries contain high levels of polyphenols

such as anthocyanins, f lavonol glycosides and hydroxy-

c innamic ac idsrars ' .  Some berr ies l ike st rawberrv and red

raspberry contain high levels of ellagic acidru'r8'. All these

polyphenolic antioxidants, together with vitamins and ca-
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rotenoids, are responsible for beneficial effects of diet rich

in fruits and vegetables on human healthl2'rer.

Because of the positive effects of fruits polyphenols on hu-

man health, the interest in consuming fruits and their prod-

ucts is growing. In order to fully understand the roles of

fruit 's polyphenols, further studies are needed. As a first step

it is important to determine the distribution of polyphenols

in fruits rich in polyphenols, and to investigate antioxidant

activity of those fruits. These data wil l enable evaluation of

fruits as a source of polyphenols in diet. Furthermore, they

can be the basis for further studies of effects of individual

polyphenols on fruit 's antioxidant activity. Epidemiological

studies wil l help in understanding the relation between the

intake of fruit 's polyphenols and the risk of developing vari-

ous diseases. lVith that kind of knowledge it wil l be pos-

sible to choose raw materials for preparation of functional

foods rvith better biological activity.

The aim of this study was to determine the content of in-

dividual f lavonols (quercetin, myricetin, kaempferol) and

phenolic acids (p-coumaric, caffeic, ferulic, p-hydroxyben-

zoic, ellagic acid) present in various red fruits (blueberry,

blackberry', chokeberry, strawberry, rerl raspberry' sweet

^herry, sour ,.\erry, elderberry, bl:ck c,,,rai:t and rcd cur-

rant) by using high performance liquid chromatography

(HPLC) equipped with a photodiode array detector (PDA)

in order to examine the distribution of these polyphenols in

red fruits. Additionall.v, a concentration of total polyphe-

nols and total anthocyanins was measured' Antioxidant

:lctivity of red fruits was determined by using DPPH and

ABTS assays. The existence of possible correlation between

total or individual polyphenols and antioxidant activity of

fruits was examined as well.

Mater ia ls  and methods

Chemicals

4-hydroxybenzoic acid, ellagic acid, caffeic acid, ferulic acid,

p-coumaric acid, myricetin, quercetin dihydrate, kaempferol,

2,2-diphenyl-1-picrylhydrazyl radical (DPPH'), 2,2' -azino-

bis( 3 -ethyl benzothiazoline-6-sulfonic acid)diammonium salt

( ABTS ) and Trolox ( ( = ) - 6-hydrox y -2, 5,7,8 -tetramethylchro-

mane-2-carboxylic acid) rvere purchased from Sigma-Al-

dricb (St. Louis, MO, USA). Methanol (HPLC grade) was

obtained from Merck (Darmstadt, Germany); o-phosphoric

acid (85 %, HPLC grade) and ammonium peroxodisulfate

were purchased from F/zka (Buchs, Switzerland). Hydro-

chloric acid (36.2%), L-(+)-ascorbic acid, potassium chlo-

ride, sodium acetate trihydrate, sodium carbonate and Fo-

lin-Ciocalteau reagent were obtained from Kemika (Zagreb,

Croatia).

Fruit sampLes

Fruits f black currant (Ribes nigrum), red currant (Ribes

sdtiuum\, red raspberry (Rttbus idaeus\, blackberry (Rz-
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bus fruticctsus), sour cherry (Prunus cerasusl, sweet cherry

(Prunus auium), strawberry (Fragaria anannassal, choke-

berry (Aronia melanocdrpa), elderberry (Sdmbucus nigral,

and blueberry (Vaccinium myrti l lus)l rvere harvested in

Slavonia (Croatia) at the commercial maturiry stage. lnlmedi-

ately after harvesting, fruits were frozen and stored at -20"C until

analys is .

Sample f)repdratbn fitr determination of total

anthocyanins, totdl pob,phenols dnd dntioxidant actit, i ty

For determination of total anthocyanins, total polyphenols,

and antioxidant activity, fruit extrircts were prepared in

thrce replicates according to the folkrwing proceclurer"). Ap-

proximately  100 g of  f ru i ts  were mixcd i r r  a  b lerrder  in  order

to obtain a horr.rogeniz.cd fruit samplc. 20 g of homogenized

fruit was rnixed with 20 rrl of methanol/H(ll 2'2, (9-5:-5,

v/v)  so lut ion.  Af ter  60 min thc solut ion was f i l tcred undcr

vacuum in a -50-rn l  vo lurnetr ic  f lask.  Thc rcs idue was ex-

tracted ag:rin in thc s;rrnc way. Thc cxtracts wcrc corrbined

arrd the solution was dilLrtccl to volume with rnethanol/HC[

1 " , ,  ( 9 5 : 5 .  v / v 1  : o l r r l i o n .

I) etermindtion of tuttal ltolyp h uuils

Tota l  polyphenols were deternr inecl  by Fol in-Ciocal tcau

rnicro rnethoclrr). Blueberry irncl cl 'rokcbe rry cxtrircts wcrc

di lu tcc l  l :4  (v /v)  wi th methrrnol /H( l l  2" / , '  (L)5:5,  v /v)  so lu-

t ion pr ior  to  analys is .  Other  f rLr i t  ext racts were analyzed

wi thout  d i lu t ion.  Arr  i r l ic luot  (20 p l )  o f  f ru i t  ext ract  was

mixed wi th l -580 p l  of  d is t i l led wrter  and 100 p l  of  Fol i r r -

Ciocal tcau reagcnt .  300 p l  of  sodiunr  cr l rbonate solut ion

(200 g l1)  was added to the nr ix ture.  Af ter  incubi r t ion in

water  b i r th  at  40 ' ( l  for  30 nr in,  rbsorbance of  the nr ix t r - r rc

was rcad ilgainst thc prcp:rrccl blank at 76.5 rrnr with a UV-

Vis spectrophotometer (LIV 200.5, Barcelonn, Spain). T<rtal

polyphenols were expressecl  rs  nrg of  g i r l l ic  ac ic l  cc lu iva lcnts

((iAL,) pcr kg of frLrits. Drrta presentecl ere metn * standard

deviat ion (SD).

D eterminat ir tn r ti tt ttd I anth r t cytrni n s

T<rtal anthocyanins r,vcrc dctcrmined by a pH-diff-erential

methodlr. Tw<l dilutions oi eirch fruit crtract wcrc prcpared,

one wi th potassium chkrr idc buf fcr  (pH 1.0)  (1.86 g KCI in

1 lo f  d is t i l lcd water ,  pH value i rd justec l  to  1.0 wi th con-

centratccl HCI), and thc othcr r.vit l.r socliun'r acet:rte buffer

(pH a. .5)  ( .54. ,13 g CH.CO,Na.3H,O in I  I  o f  d is t i [ led water ,

pH value adjusted to 4..5 with concentratcd H(.1), diluting

each by the previously clctermined dilution factor (straw-

berrS red raspberry,  red currant  l :10 (v /v) ;  b lackberry,  sour

cherry 1:20 (v/v), sweet cherry 
.l 
:30 (v/v); black currant,

e lderberry,  chokeberry and b lueberry 1:100 (v/v)) .  Absor-

bance was measured simultaneously at -510 and 700 nrl

after 15 min incubation at room temperature. The content

of total anthocyanins was expressed in mg of cyanidin-3-

glucoside equivalents (CGE) per kg of fruits using a molar

extinction coefficient (e) of cyanidin-3-glucoside of 26900 I
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mol- r  cm'and molar  rve ight  (M\7)  (449.2 g rnoJ r ) .  Data

presented are mean * standard deviation (SD).

Antioxidant actiuity

The antioxidant activity of fruit extracts was measured

spectrophotometrically with a UV-Vis spectrophotometer

(UV 200.i, Barcelona, Spain) by using two assays, DPPH

and ABTS assay. The abil ity of the fruit extract to act as

free radical scavenger against DPPH' radical was tested by

mcasuring the disappearance of the irbsorbance at .517 nm

after the addition of fruit extract and by comparing it with

the disappearancc of the absorb:rnce produced h1' the rrr. l-

d i t ion of  a known amoulr ts  of  Tro lor .  a  watcr-sol r - rb lc  v i -

t i lnrin F. analogr-rc, undcr the salnc conditions. In thc ABTS

irssiry, the amoLlnt of ABTS'- radical cation scaverrged bv

frlrit cxtract was measured by monitoring the decrease of

absorbancc of  ABTS'-  radical  cat ion at  734 nm, and by

comparing thc dccrease of absorbar.rce with the decrease of

irbsorbancc producccl lry thc acldit ion of a known rnrount

of  Tro lox.

In the DPPH nrethodroi .  f ive d i lu t ions of  each fnr i t  ext r rc t

were r rnalyzcd.  A . t0  p l  o f  d i lLr ted f ru i t  ext ract  was nr i rcc l

w i t h . l 00  p l  o f  r ne thano l i c  DPPH so lu t i on  ( l  n rmo l  dn r r )

ancl bror-rght to 3 nrl with nrethanol. The solution was kcrpt

in clark i lt r(x)m tcrnperaturc for 1.5 nrinr-rtes. Tl're irbsor-

bance (A,..,,.,.,) was rcad ilgainst thc prcparccl blank (.50 prl

c l i l r - r t cc l  f r u i t  ex t rac t , 2950  p l  n re thano l )  a t . 5  l 7  un r .  A

I)PP[] '  b lank solut i r )n was prepi r red each c lay (300 p l  of

I  mmo l  dmt  DPPH ' ,2 .7  m l  o f  me than< l l )  and  i t s  i r bso r -

birnce (A,,,,,,, ,) was nreasurcd claily. Trolor stancllrcls of f inal

corrccntrrlt i()n 0-2.t00 prrnol clrn t we re preprrrecl irr mctl 'rrrnol

rrncl assayccl under the slnre condition. A .50 pl of Trolor r,vrs

mixecl  wi th 300 r r l  o f  mcthanol ic  DPPH' solut ion ( l  murol

drn ') and bror-rght to 3 ml witl 'r r letl 'ranol. Aftcr l.! rnirr,

the:rbsorbance (A, , , , , , , . )  was rc i rc l  against  thc preparcc l  b larrk

at  .5  17 nm. Cal ibrat ion curve of  
' l ' ro lox 

u,as constructed

by l rnear  regression of  the absorbance value (A, . , . , , , , , , )  ve rsLrs

concentr i l t ion.  Tr<l lox cal ibrat ion curve wi ls  usecl  to  calcu-

late irntioxidant activify of each cli lLrtecl fruit extract ancl t<r

cxprcss thc ant iox idant  act iv i ty  in  pt rnol  of  Tro lox ec lu iva-

lent  (TE) per  g of  f ru i ts .  Morer)ver- ,  the percent  inh i l r i t ion

of DPPH' radicirl caused by cach dilutcd fruit extract '"vns

calculated according to fornru la:

'2 ,  inh ib i t ion = l (A, , , , r , , -  A. , , ,  , . , ) /A, , , , , , , , ) l  x  I  00

Percent  of  inh ib i t ion of  DPPH' radical  causcd by each d i -

lr.rted frr-rit extract was plotted against :rntioxidant activity

(pmot TE/g) .  Using the curve obta ined,  f ina l  resul ts  werc

expressed as pmol of TE per g of fruits needed to reduce

l )PPH '  rnd i ca l  h1  50  oo .

In the ABTS methodri), f ive dilutions of each frr.rit extract

were analyzed. ABTS'. radical cation was chemically gencr-

ated with ammonium peroxodisulfate solution bv rnixing

0.2 ml of ammonium.r perorodisulfate (6-5 mmol dm-r) with

-50 ml of ABTS solution (1 mmol dm-'3, prepared in 0.1 mol
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Fig. 2 Overlayed HPLC chromatograms of standards detected at 260, 320
and 360 nm. Compounds: (1 ) p-hydroxybenzoic acid, (2) calfeic acid,
(3) p-coumaric acid, (4) ferulic acid, (5) ellagic acid, (6) myricetin, (7) quer-
cetin, (8) kaempferol

dm rp l rosphate buf fcr  pH=7.4)  and rhe mixture was lef t  ro

stfurcl overnicht. A 0.5 ml of AIITS'. radical carion stock so-

lut ion rv i rs  rn ixed wi th 2 ml  of  phosphate buf fer  (pH=7.4)

in crrvettc ancl t l 're alrsorbance (A^r'r) was read at 734 nm.

Subseqr-rentlv. 0. I rnl of diluted fruit extract was added inro

thc cr.rvette, thc solution was mixed quickly, and the absor-

bance (A, . , , )  was rcad af ter  60 s at734 nm. The c lecrease in

rrbsorbancc (AA=A.,,,,r-A..,,) after: 60 s was cirlculirtccl f<lr

cach diluted fruit extrirct. The decrease in absorbance causecj

by the ec ld i t ion of  Tro lox (0-400 pmol  dm-t)  was measurecl

accorciing to thc sirnre ;rroccdure. A 0..5 ml of ABTS'. stock

solLrtion ancl ? nrl <lf phosphate buffer (pH=7.4) were r.nixed

in clrvctte and the rrbsorbance (An,,^) w:ts read at 734 nm,

A 0. I nrl of Trolor was adcled into the cuvette, the s<llution

wrrs mixed c lu ick ly ,  and the absorbance (A," , , , , , )  wns rcnd

af tcr  ( r0 s  r t  734 nnr .  The decrease in absorbance was cal -

clrl irtccl accorcling to formula: (AA,*u,,,=Anu, u-A,,,,,,,.). Cali-

brrrtion curvc of Trolox was constructed by l inerrr rcgres-

sion of thc dccrcase in irbsorbance (AA,_,,,,.) versus concen-

tration. Antioxiclant activiry for eirch cli luted fruit cxtracr

wrrs calculrrtecl orr t[.rc basis of the Trolox calibretion curvc
ancl cxpressccl in trrmol of Trolox equivalenr (TF.) per g of

f rLr i ts .  Addi t ional ly ,  the percent  inh ib i t ion of  ABTS'-  radical

cilt ion caused by acldit ion <lf each diluted fruit exrracr was

calculated according to formula:

'2 ,  inh ib i t ion = [ (A,rn, r -A, , , . , ' ) /A, , , , , , ) l  r  100

Pcrcent of inhibit iorr of ABTS'. radical caused by each di-
lu ted f ru i t  exrract  was p lot ted against  ant iox idant  acr iv i ty
(ptrnol TE/g). Using the curve obrained, f inal resulrs were

expressc.d as pn-rol of TE per g of fruits needed ro reduce
ABTS'. radical by 50"1,.

HPLC analysis of f lauonols and phenolic acids
Flavonols ar-rd phenolic acids were analyzed as aglycons af-
ter acid hydrolysis with 1.2 mol dm r HCl. Two exrracts of
each fruit were prepared, one for analysis of f lavonols and
tl"re other for analysis of phenolic acids. The procedure ap-
plied for extracrion and hydrolysis of f lavonols and pheno-

lic acids rvas already described in ref. 2a,2s).
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For flavonol analysis, fruits (-100 g) (random selection)

were homogenised in blender. Ascorbic acid (80 mg) was

dissolved in 5 ml of disti l led water and 5 g of homogenized

fruits sample, 25 ml of methanol and 10 ml of HCI (6 mol

dm-3) were added to ascorbic acid solution. \7ater was

added to this mixture to obtain a final volume of 50 ml

and final concentration of HCI 1.2 mol dm-3. This solution

was refluxed on water bath for 2 h at 85'C. After cooling,

extracts were fi l tered. A 20 ml portion of the fi l trate was

evaporated to dryness on a rotary evaporator using water

bath and temperature 3-5"C. The residue was dissolved in

2 ml crf methanol and fi l tered through a 0.45 pm frlter (Va-

r iSep PTFE,0.4-5 pm,25 mm-Var ian)  pr ior :  to  in ject ion in to

the HPLC.

For phenol ic  ac ids analys is ,  f ru i ts  ( -1U0 g)  ( random selec-

t ion)  were homogenised in b lender.  Ascorbic  ac id ( t lO mg)

was dissolved in -5 ml of disti l led water and .5 g of homo-

gcnizcd f ru i t  sample,2.5 rn l  o f  meth i rnol  and 10 ml  of  HCI

(6 rnol  dmr)  were added to ascorbic  ac id solut ion.  Water

was addecl to this mixture to obtain a final volun"re of -10 ml

and f ina l  concentrat ion of  HCI 1.2 mol  dm r .  This  solut ion

was rcf luxcd on water  bath for  16 h at  3.5"C.  Af tercool ing,

extri lcts were fi l tcrcd. A 20 ml portion of the fi l trate was

evitporated to clryncss on a rotary evaporator using water

bath and tcmDcrature 3-5 'C.  The res ic iue was d issolvcd in

2 ml <rf methirnol and fi l tered thror-rgh a 0.45 pm fiher (Va-

r iScp l 'TF1. ,0.4.5 prnr ,2-5 r lnr -Var ian)  pr ior  to  in jccr ion in to

thc HPLCI.  Al l  f ru i t  ext racts were analyzcd on HPI.C sys-

tem inrn'rediatcly, thc same day when prepared.

The analyticaI HPl.(] systenl employed consisted of a Var-

ian L( ' .  system (USA) cquipped wi th a ProStar  230 solvent

del ivery rnodule,  and ProStar  330 PDA Detector .  Phenol ic

compounds separat i ( )n was donc in  an OmniSpher C1B col -

Lrmrr (2-50 x 4.6 mm inner diameter, -5 pm, Varidn, USAI

protccted wi th guard column (ChromSep 1 cm x 3 mm,

Varidn, USA). The drrta were collectcd and analysed orr

IBM conrpLrting systern ccpipped with Star Chrorlatogra-

phy Workstation software (vcrsion -5.52).

The same solvents and gradient elution program were used

in cletermination of phenolic acids and flavonols. Solvent

A was 0.1 ' ln  phosphor ic  ac id and solvent  B was 100%,

HI'}LC grade methanol. The elution conditions were as fol-

lows: 0-30 min frorn 5'lo B to 80 % B; 30-33 min 80 % B;

33-3.5 min f rom 80%, B to 5 ' lu  B;  wi th f lc lw rate=0.8 ml

min r. C)perating conditions were as follows: column tem-

perature 20"C; injection volumes, 10 pl of the standards

and samples.  A 10-minute re-equi l ibrat ion per iod was used

between individual runs. UV-Vis spectra were recorded in

wavelength range from 190-600 nm (detection wavelength

was 260 nm for ellagic and p-hydrorybenzoic acid; 320 nm

for caffeic, p-coumaric and ferulic acid; 350 nm for myric-

etin, quercetin and kaempferol). The overlayed HPLC chro-

matograms of separated standard compounds are shown

in Figure 2. Calibration curves of the standards were made

by diluting stock standards in methanol to yieid 1-80 mg
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l-t (p-hydroxybenzoic acid, caffeic acid,

myricetin and kaempferol); 1-250 mg I I

(ellagic acid, ferulic acid and quercetin);

2-240 mg I I (p-coumaric acid).

Identif ication and peak assignment of f la-

vonols and phenolic acids in all fruit ex-

tracts was based on comparison of their

retention times and spectral data (190-

600 nm) with those of authentic stan-

dards. Additional identif ication was car-

ried out by spiking the fruit extracts with

phenolic standards. ldentif ied flavonols

and phenolic acids were quantif ied using

calibration curve of authentic standards.

Data presented are mean t standard de-

viation (SD). The concentrations of total

f lavonols, total hydroxycinnamic acids

and total hydroxybenzoic acids were ob-

tained by summing up the concentrations

of individual compounds.

All phenolic compounds showed a l inear

response within range studied (r2=0.9963

to 0.99991. Precision of method was evai-

uated by determining within-day varia-

tion of the HPLC analysis. To gain the

data for studying precision of method,

black currant and red raspberry extracts

were analvzed six times within one day.

Coefficients of variations (CV) of peak

areas were 5.4Y" for myricetin, 5.4"/" for

quercetin, 8.0 % for kaempferol, 0.6 ol,

for ellagic acid, 0.6 u/" for caffeic acid,

I.0"h for p-coumaric acid, 1 .4ok f<>r fe-

ru l ic  ac id in  b lack currant ;  4 .8 ' / "  for  quercet in ,  7.5o/ ,  for

p-hydroxybenzoic acid, 7.2%" for ellagic acid, 71,.6"/" lor

caffeic acid, 2.3 "/o for p-coumaric acid, 5.5"/" for ferulic

acid in red raspberry. Recoveries were measlrred by adding

known amounts of standards (10--50 mg l- ') to fruit extracts

prior to HPI-C ar.ralysis. The recoveries ranged from 88 to

103"/" for quercetin, from 86 to 102 o% for myricetin, from

85 to 997" for p-hydroxybenzoic acid, from 93 to 101 %"

for ellagic acid, from 84 do 100 "h for caffeic acid, from 93

to 100 "/o for p-coumaric acid, and from 85 do 103 % for

ferulic acid. In the calculation of f inal results, no correction

for recoverv was applied to dara. The following l imits of

detection were estimated using a signal-to-noise ratio of 3:

0.76 mg I 1 by p-hydroxybenzoic acid, 1.12 mg l-1 by ellagic

acid, 0.32 mg I I by caffeic acid, 0.49 mg l-r by lr-coumanc
ac id ,0 .44  mg  l r  by  f e ru l i c  ac id ,0 .15  mg  l r  by  m i r i ce t i n ,

0.07 mg l - r  by quercet in ,0.13 mg l -1 by kaempfero l .

Statistical andlysis

Correlation and regression analyses were performed using

Statistica 7.1 (Statsoft, Tulsa, USA). Differences ar p<0.05

were considered significant.
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Fig. 3 HPLC chromatograms of (A) red raspberry and (b) black currant extracts detected at 260 and
320 nm. Compounds: (1) p-hydroxybenzoic acid, (2) caffeic acid, (3) p-coumaric, (4) ferulic acid,
(5)  e l lag ic  ac id

Fig. 4 HPLC chromatograms of (A) blueberry, (B) black currant extracts detected at 360 nm. Com
pounds: (6) myricetin, (7) quercetin, (8) kaempferol

Results and Discussion

Flavonols and phenolic acids were determined by using

HPLC method in order to examine the distribution of these

compounds in fruits. HPLC chromatograms of red rasp-

berry and black currant samples representing separated

phenolic acids detected at 260 and 320 nm are shown in

Figure 3. Figure 4 shows HPLC chromatograms of sepa-

rated flavonols in blueberry and black currant extracts re-

corded at 360 nm. The concentrations of individual f lavo-

nols and phenolic acids are reported in Table 1.

The highest concentrations of f lavonois (183 mg kg r) and

phenolic acids (92 mg kg-t) were found in blueberries.The

dominant f lavonol in blueberries was quercetin (137 mg

kg r), followed by myricetin (43 mg kg-') whereas kaemp-

ferol was found at considerably lower concentration (3 mg

kg r). Data presented by other authors also confirmed that

the major f lavonols in blueberry (Vaccinium myrti l lus) are

quercetin and myricetin whereas kaempferol was pres-

ent at significantly lower concentrationlj l. Phenolic acids

found in our sample of blueberry were p-coumarlc as a

dominant  one (55 mg kg- ' ) ,  caf fe ic  (27 mg kg r )  and feru l ic
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Red lruits Hydroxybenzoic acids lmg kgi] Hydroxycinnamic acids [mg kgi l Flavonols [mg kgi]

p-HBA EA t CA p-CouA FA t M 0 K I

Ericaceae

B I uebe rry 27.29x0.6 54 90t3.9 9.57+0.391 .76 43.02t1.1 136.97t3.22.88t0.1182.87

Rosaceae

B lackbe rry 121 .07t0.2 121.07 5.65t0.4 5.94t0.0 5 ,11 t0 .0 16.7 55.42t0.5 2.13t0.5 57.55

Cho ke berry 3 .97 t0 .1 3 .97 38.39r0.5 38.39 92.15 t0 .5 6.86t0.3 99.01

Strawberry 41 .40t0.2 41.40 16.8610.3 16.86 6.24t0.2 7 . 7 1 1 0 3 13.95

Red raspberry 4.95r0.1 31 .74x2.1 36.69 3.23t0.1 4.24t0.1 4.29 t0 ,1 1 1 . 7 6 3.85t0.2 3.85

Sweet cherry 11 .47 +0.2 5.40t0.2 16.87 0 , 1 7 t 0 . 1 8,58t0.1 5.97r0.3 14 72

Sour cherry 9.05t0 5 19 .12 r0 .9 28,17 5.05t0.3 2.38t0.1 7.43

Carrifoliaceae

E lde rbe rry 15.84 t0 .2 10.80 t0 .2 26.64 145.71

Saxifragaceae

Black cu rrant 3.15t0.1 J .  I J 21 .31 t0.1 3'1 .6910.3 17.48t0.170.48 73  19

Red currant 12.54x0.1 12 54 12.76t0.3 8.26x0.2 21.02 1.72t0.3 8.87t0.2 0.34r0.0 10 .93

Tab. 1 Concentrations of hydroxybenzoic acids, hydroxycinnamic acids, and flavonols in red fruits (mg kg ' of fresh weight); determined by HPLC method:

values are means r SD (n=2)

p-HBA: p-Hydroxybenzoic acid; EA: Ellagic acid;CA: Caffeic acid; p-CouA: p-Coumaric acid; FA: Ferulic acid; M: Myricetin; 0: Ouercetin; K: Kaempferol

ac id (10 mg kg-r ) .  These phenol ic  ac ids were ident i f ied in

blueberr ies in  prev ious studies as wel l r5 ' r7 '26) .  p-Coumar ic

acid dominated over caffeic and ferulic acidl-r which agrees

with our results. According to other investigation the con-

centration of caffeic acid in blueberry (Vaccinium myrti l-

/zs) can be higher than the concentrations of p-coumaric

and feru l ic  ac id26r .

The main characteristic <tf bldckberry was high concentra-

tion of ellagic acid (121 mg kg-l). Apart from ellagic acid,

blackberry contains lower amounts of caffeic (6 mg kg-r),

p-coumar ic  (6 mg kg ' )and feru l ic  ac id (5 mg kg-r ) .  These

phenolic acids were identif ied in blackberry in previous

study as welFrr. In that study the predominant phenolic

acid in blackberry was eliagic acid, and the amounts of caf-

feic, p-coumaric and ferulic acid were considerably lowerrT'

which agrees with the results of present study. Blackberry

conta ins f lavonol  quercet in  as a dominant  one (55 mg kg ' )

and kaempferol (2 mg kg-r). Previous study confirmed that

the rnajor f lavonol in different varieties of blackberry fruits

was quercetinrt).

Chokeberry contained high concentrations of f lavonols

(99 mg kgr) .  The main f lavonol  was quercet in  (92 mg

kg '), followed by kaempferol at a considerably lower con-

centration (7 mg kg r). According to previous studies quer-

cetin was the predominant f lavonol in chokeberryl5'r1r'2e r0),

whe reas kaempferol was not identif iedre'ror or its concentra-

t ion was lowr5,r t )  which agrees wi th our  resul ts .  Phenol ic

acids found in our sample of chokeberry were caffeic (38 mg

kgr)  and e l lag ic  ac id (4 mg kgr) .  Previous studies conf i rmed

that chokeberry contains caffeic acid or caffeic acid deriva-

t ivesr t ' r8 '2e)  and low concentrat ion of  e l lac ic  ac idrs ' .  Choke-

374 r0r ig inalarber ten

berry contained the highest concentration of caffeic acid

among the fruits studied.

ln strawbeny, the concentration of phenolic acid was higher

than concentration of f lavonols. The main phenolic acid

found in strawberry was ellagic acid (41 mB kg-'), followed

by p-coumaric acid (17 mg kg-r). According to previous

studS the main representative of phenolic acids in straw-

berry was ellagic acidrsl or its derivativesr6), followed by

p-coumaric acidr6'rlt) which is consistent with the results in

this study. Flavonols found in low concentrations in straw-

berry were kaempferol (8 mg kg r)and quercetin (6 mg kg-l).

These results are in accordance with those reportedby HAk-

kinen et a1.30', Hertog et al.3r), and Mtiiittii-Riihinen et al16r.

Along with flavonols quercetin and kaempferol, some au-

thors reported low level of myricetinr8).

Like strawberry, red rdspberry was characterized by higher

concentrations of phenolic acids in comparison to flavonols.

Ellagic acid (32 mg kgr) was the dominant phenolic acid

u,hereas caffeic (3 mg kg-r), ferulic (4 mg kg'), p-coumaric

(4 mg kg-r) and p-hydroxybenzoic acid (5 mg kgr) were

found at lower concentrations. These results are in accor-

dance with those reportedby Htikkinen et a1.18', MAAtt(i-Rii-

hinen et al.r6r and Matti la et a1.2"). The only flavonols found

in red raspberry was quercetin (4 mg kg ') which agrees with

previous study3o). Apart from quercetin, Hiikkinen et al.r8),

identif ied also lower levels of myricetin and kaempferol.

Flavonols identified in sweet cherry were quercetin (9 mg

kg:r ) ,  kaempfero l  (6 mg kgr)  and myr icet in  (0.17 mg kgr) .

Quercetin and kaempferol were identif ied in sweet cherry

in previous study as well 'r2r. Among five investigated pheno-

l ic  ac ids,  only  caf fe ic  ac id (12 mg kg ' )  and p-coumar ic  ac id
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(5 mg kg-t) were identif ied in our sampie

of sweet cherry. According to the litera-

ture data, sweet cherry contains deriva-

tives of caffeic and p-coumaric acidsr2).

Sour cherry contains flavonols quercetin

(5 mg kg-') and kaempferol (2 mg kg-l).

These results are in accordance with

those reported by Kim et a1.32). Phenolic

acids identif ied in sour cherry were p-

coumar ic  (19 mg kgl )  and caf fe ic  ac id

(9 mg kg-r). The derivatives of these phe-

nolic acids were found in sour cherry in

previous study as well32).

Elderberry contains high concentrations

of f lavonols (146 mg kg-r). The dominant

flavonol was quercetin (I44 mg kg r), and

its concentration in elderberry was the

highest in comparison to other red fruits

studied. The concentratior of kaempferol

was low (2 mg kg{). Previous studyrs)

confirmed that elderberry is character-

ized by high concentration of quercetin

and low concentration of kaempferol.

Phenolic acids identif ied in elderberry were caffeic (16 mg

kg-') and p-coumaric acid (11 mg kg tl. MAAfti i-Riihinen

et a1.15) found p-coumaric and caffeic acid in elderberry as

well along with ferulic acid which was not identified in our

sample of elderberry.

Black currant contained high concentrations of flavonols

(73 mg kg-l) and phenolic acids (74 mg kg-t). The main

flavonol was myricetin (44 mg kg'), followed by querce-

tin (21 rng kg-') and kaempferol (8 mg kgr). Some stud-

iesr5,r0r confirmed that myricetin was the dominant f lavonol

in black currant as it was found in our study, while others

reported quercetin as the main flavonolla'18), Phenolic acids

found in our sample of black currant were p-coumaric acid

(32 mg kgr)  as a main phenol ic  ac id,  caf fe ic  ac id (21 mg

kg-'), ferulic acrd (I7 mg kg-') and ellagic acid (3 mg kg-').

These results are in accordance with those alreadv pub-

lished14.15.r1|.

In red currant) the concentration of phenolic acids was

higher than the concentration of f lavonols. Phenolic acids

found in our sample of red currant were caffeic (13 mg

kg r), p-coumaric (8 mg kg r) and p-hydroxybenzoic acid

(13 rng kg-l). These phenolic acids (p-coumaric, caffeic, p-

hydroxybenzoic acid)r8' or derivatives of p-coumaric and

caffeic acidsrl '1'tr were found in red currant in previous study

as well, along with lower concentrations of ellagic and fe-

rulic acidl8r. The dominant f lavonol was quercetin (9 mg

kg-'), while myricetin (2 mg kg-l) and kaempferol (0.34 mg

kg-l) were present at lower concentrations. According to

some previous studies, flavonols present in red currant were

quercetin, myricetin and kaempferol, among which quer-

cetin was the dominant one14,15'i8) which is consistent with

the results of present study. Some authors reported only the
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Tab. 2 Concentrations of total polyphenols (TP) [mg GAE kgi], total anthocyanins (TA) [mg CGE kg 1],

TMP ratio and antioxidant activitv of red lruits, n values are means r SD (n=3)

presence of quercetin whereas myricetin and kaempferol

were not identif ied30'.

The concentrations of f lavonols and phenolic acids of red

fruits examined in this study are comparable to the results

of earlier studiesla 16'25-28'-10-'rr). Some differences in flavonol

and phenolic acid content can be explained by differences

in fruit cultivars, growing conditions, degree of ripeness,

handling after storage, sample preparation treatlnents, etc.

Red fruits were analyzed using a pH-differential and Folin-

Ciocalteau method in order to examine their total antho-

cyanin (TA) and total polyphenol (TP) content. The por-

tion of anthocyanins in total polyphenol concentration was

evaluated by calculating TA/TP ratio and the results are

presented in Table 2. Polyphenols were found in the high-

est concentrations in chokeberrn blueberry, black currant

and elderberry 17194 m8 kB-', 6180 mg kg-', 5435 mB kB ',

4415 mg kg 1, respectively). High concentrations of polyphe-

nols were found in blackberry and sour cherry as well (3658 mg

kg t, 2905 mg kg t, respectively), while sweet cherrS straw-

berry, red currant and red raspberry had relatively lower

concentrations of polyphenols (2011 mB k8-', 7999 mg

kg-t, 1948 mg kg-t, 1763 mg kg 1, respectively). The con-

centrations of total polyphenols found in our study are in

accordance with previous studies20' 27'32'33).

Anthocyanins were found in the highest concentrations in

blueberry, chokeberry, elderberry black currant, sour cherry

and blackberry $069 mB kg ', 3572 mg kg', 3175 mB kB-',

2189 mgkga,11.46 mB kg-', 1056 mg kg-l, respectively)

whereas the concentration of anthocyanins in red raspberrS

red currant, sweet cherry and strawberry were considerably

lower (232 mB kB- ' ,  198 mg kg- l ,  193 mB kB ' ,  169 mg kg 1,

respectively). The concentrations of total anthocyanins are

Red fruits t Polyphenolst AnthocyaninsTA/TP OPPH ABTS

lmg kg'l l ImolTE/gl

Eri caceae

Bl ueberry 61 80.23r1 57 4069.03t1 29 0.66 125 52 53.28

Bosaceae

Blackbe rry 3657,57+167 1 055.70t31 0.29 41 .89 23.94

Cho keberry 7194.40x78 3571.96 t48 0,50 1 8 1 , 0 7 i8.90

Strawberry 1 999.24t88 169.17 x2 0.08 o .  |  | 12 .08

Red raspberry 1 763.1 9r7 1 231 .72x1 0 .13 18 .61 12.10

Sweet cherry 201 0.67t50 192.52=13 0 , 1 0 4.22 I J . O Z

Sour cherry 2904.54r1 01 1 1 45 89137 0.39 29.49 23 74

Capriloliaceae

E lde rbe rry 4415.33x124 317 5.14t34 0.72 100 .16 37 91

Saxilragaeeae

Bf.tk r;; 5435.06r31 2189.26t20 0.40 109.89 44.67

Red curranl 1947.94x23 197.76t2 0 1 0 13 73 1 3  1 5
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t

lSubstance/mg kgr FWI OPPH [Umol TE/gl ABTS tlmot TE/gl

tPolyphenols

tAnthocyanins

tFlavonols
tHydroxycinnamic acids

0uercetin
Calfeic acid
p-Coumaric acid

0.98

0.93

0 7 9
0.66
0.7 4
0.91
0.7 4

0.98

0.90

0.73
0.64
0.68
0 9 4
0.82

I

Tab. 3 Correlation coefficients (r) between antioxidant activity of fruits (DPPH and ABTS) and con-

centrations of total polyphen0ls, total anthocyanins, total f lavonols, total hydroxycinnamic acids, total

hydroxybenzoic acids, quercetin, caffeic acid, and p-coumaric acid in red fruits

designate signil icance at P < 0.05, P < 0.01' P <0 001' respectively

in the range of, or similar to those reported in previous

studies2o'2r'r2'3rr. As it can be seen from TAITP ratio, antho-

cyanins represented important part of polyphenols in inves-

tigated fruits. They are the predominant polyphenoiic com-

ponents in  e lderberry (72%) and b lueberry (66%) which

indicates a lower proportion of other polyphenols in these

fruits. In chokeberries (50%)' black currant (407") and

sour cherries (39 % %) anthocyanins represented significant

proportion in total polyphenol concentration but the pro-

portion of anthocyanins were considerably lower in black-

berry (29" /o l ,  red raspberry f t3%),  sweet  cherry ( I0%),

red currant  ( I0%l and st rawberty  (8%) indicat ing a h igher

proportion of other polyphenols in these fruits.

In order to evaluate antioxidant activity of red fruits stud-

ied, DPPH' and ABTS'- assays were applied and the results

are presented in Table 2.The values of antioxidant activity

of fruits obtained by DPPH' and ABTS'. assay differ due to

differences in methods used, in free radical that was applied

and in reaction time. By far, the strongest antioxidant activ-

ity against both radicals showed chokeberry (181 pmol TE/

g, DPPH method; 79 pmol TE/g ABTS method), followed

by b lueberry,  b lack currant  and e lderberry (126,1 '10,

100 pmolTE/g respectiveln DPPH method), (53, 45, 38

pmol TE/g respectively ABTS method). The fruits with

higher concentrations of polyphenols (Table 1 and 2)

showed also the strongest antioxidant activity. Other exam-

ined fruits like blackberry, sour cherry, red raspberry, red

currant, strawberry and sweet cherry posses relatively lower

ant iox idant  act iv i ty  (42,30,  1.9,14,6,  4 pmol  TE/g respec-

tively; DPPH method), (24,24, L2, 13, 1,2, 1'4 pmol TE/g

respectively; ABTS method). There are already a number

of reports on the antioxidant activity of fruit extracts de-

termined by several methods such as oxygen radical absor-

bance capacity (ORAC), ABTS or DPPH method indicating

that chokeberry, blueberry, black currant and elderberry

possess strong antiradical activit ies20'2e''r3-ri) as it was found

in this study. Chokeberry exhibited the highest antioxidant

activity determined by ORAC procedure, foilowed by elder-

berry and black currant3a'. Chokeberry also showed higher

antioxidant activity than fruits like lingonberrS biueberry

376 r 0riginalarbeiten

and cranberrytn). In the evaluation of

commercia l  red f ru i t  ju ice concentrates.

the strongest antioxidant activity deter-

mined by DPPH method had chokeberry

iuice concentrate as in present study, and

was followed by black currant and elder-

berry, while other fruit concentrates like

red currant, strawberry, red raspberry

and cherry concentrate showed lower

antioxidant activity35). The strongest anti-

oxidant activity evaluated by ABTS assay

showed black currant, chokeberry and

elderberry juice concentrate, whereas the

antioxidant activity of red currant, straw-

berry.  raspberry and cherry iu ice concen-

trate were significantly lower3't).

The correlation between antioxidant activity and total

polyphenols, total anthocyanins, total hydroxycinnamic ac-

ids and total f lavonols are presented in Table 3. Total poly-

phenols were found to correlate with the antioxidant activi-

t ies of  f ru i ts  (DPPH, r=0.98;  ABTS, r=0.98) .  Tota l  antho-

cyanins correlate with antioxidant activity as well (DPPH'

r=0.93; ABTS, r=0.90) but the correlation coefficient was

lower for total anthocyanins versus antioxidant activity

than for the total polyphenols versus antioxidant activity.

Tota l  f lavonols (DPPH, 1=0.79;  ABTS, r=0.731 and tota l

hydroxycinnamic ac ids (DPPH, r=0.66;  ABTS, t=0.641

correlate with antioxidant activities of fruits as well. Ac-

cording to the data presented by others, total polyphenols

of various small fruits correlate better with antioxidant ac-

tivity than total anthocyanins do3a), which agrees with the

results of our study. Moreover, total polyphenols of fruits

belonging to Vaccinium, Rubus and Ribes species correlate

better with antioxidant activity than total anthocyaninss3'36).

Total flavonols of red fruit concentrates correlate with an-

tioxidant activityr's) which is consistent with our findings.

In the investigation of antioxidant activity of various blue-

berries, l inear correlation was found between total poly-

phenols, totai anthocyanins, total flavonols, total hydroxy-

cinnamic acids and antioxidant activityr-). The correlation

between total flavonols and antioxidant activity was better

than the correlation between total hydroxycinnamic acids

and antioxidant activity3T) which is consistent with our re-

sults. Good linear correlations between mentioned polyphe-

nol groups indicate possible influence of these polyphenols

on antioxidant activity of fruits.

Moreover, linear relationship was observed between anti-

oxidant activity of fruits and concentration of some individ-

ual phenolics (Tab. 3). Quercetin correlates with the antioxi-

dant activity of red fruits (DPPH, r=0.74i ABTS, r=0.68)'

In previous studiess) quercetin showed higher antioxidant

activity against ABTS'. radical than other flavonol aglycons

like myricetin and kaempferol. Considering antioxidant ac-

tivity of quercetin, the existence of linear relationship be-

tween antioxidant activitv of fruits and the concentrations
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of quercetin is possible. Among various hydroxycinnamic

acids, the highest antioxidant activiry determined by ORAC

assay showed caffeic acid and was followed by p-coumar-

ic > vanil l ic > chlorogenic acidze). Our results are showing

that there is also a l inear relationship between the con-

centration of caffeic acid and antioxidant acivity of fruits

(DPPH, 0.91;  ABTS, r=0.94)  and between concentrat ion of

p-coumaric acid and antioxidant acrivity of fruits (DPPH,

r =0.74; ABTS, r = 0.82). Correlation coefficient was higher

for caffeic acid versus antioxidant activity than for the

p-coumaric acid versus antioxidant activity.

From the results of this study it can be seen rhat, among

the red fruits studied, chokeberry, blueberry, elderberry and

black currant stand out in high concentrations of f lavonols,

phenolic acids, and in strong antioxidant activity. Blueberry

contains the highest concentrations of f lavonols and phe-

nolic acids, and is followed by elderberry which has high

concentrations of f lavonols, especially quercetin. Choke-

berry showed by far the highest antioxidant activiry. Fur-

thermore, chokeberry has the highest amount of total poly-

phenols and is rich in flavonols as well. Black currant has

high concentrations of f lavonols and phenolic acids. Other

red fruits have considerably lower concentrations of f lavo-

nols and phenolic acids, and iorver antioxidant activity, but

it should be emphasized that some fruits l ike blackberry,

strawberry and red raspberry contain relatively high con-

centration of eliagic acid. The diversity in the polyphenolic

profi les between different fruit species may relate to dif-

ferent biological availabil ity and activity in human organ-

ism. Although all examined fruit species can serve as good

source of bioactive polyphenolic compounds, chokeberry,

blueberry, elderberry and black currant stand out in high

concentrations of anthocyanins, f lavonols and phenolic

acids and in high antioxidant activiry, and therefore could

be used in nutrit ional supplement formulations. More-

over, quercetin, myricetin, and caffeic acid were reported

to have strong antiradical activity among various flavonols

and phenolic acidsi'2e'. Therefore, chokeberries (which are

abundant in quercetin and caffeic acid derivatives), elder-

berries (abundant in quercetin derivatives) and blueberries

(abundant in quercetin and myricetin derivatives) can serve

as good source of these individual phenolics.
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Zimt und Gumarine: bit tere ,,Wahrheiten" - Beitrag zur Extrapolat ion von Risiken

Zusammenfassung

Die aktuel len und hochgradig ar t i f iz ie l len Debat ten zur  Sicherhei t  von

Lebensmit te ln deuten auf  e in grundsdtz l iches Problem mit  der  Extrapo-

lation von Risiken aus den Eigenschaften isoliert l letrachteter sekundarer

Pf lanzeninhal ts tof fe h in.  Beispie le s ind d ie Diskussion der  Morphinge-

hal te in  Backwaren mi t  Mohnzusatz,  d ie Ubert ragung der  tox ikologischen

Daten hoher Konzentrationen von Estragol auf Gewtirze wie Estragon,

oder d ie Able i tung e ines Leberr is ikos von Cassra-Zimt,  basierend auf

den Eigenschaf ten ernes iso l ier ten Cumar ins.  Aktuel l  g ipfe l te  d ies im

Vorschlag,  Furanocumar ine in  Engelwurz zu l imi t ieren,  wei l  das Furano-

cumar in 8-Methoxypsoralen -  se lbst  gar  n icht  in  Engelwurz nachgewie-

sen -  in  hohen Dosen und unter  Bestrahlung mi t  UV-Licht  im Verdacht

steht ,  Hautkrebs auslosen zu konnen.  Bevor d ie Bodenhaf tung in der  Ri-

srkobewertung gdnzlich verloren geht, ist es an der Zeit fLir eine krit ische

Betrachtung der  derzei t igen Mechanismen einer , ,Ris ikobewertung".  Die

Zie lsetzung der  Riskobewertung is t  der  wei testmogl iche Ausschluss a l ler

auch nur  denkbaren Ris iken.  Dies is t  weder prakt ikabel  noch real is t isch.

Zimt und Engelwurz s ind typ ische Beispie le.

Summary

The recent, highly artif icial debates on the safety of foodstuff point to a

basic problem with the extrapolation of risks derived from the proper-

ties of singled out secondary plant metabolites. Examples are the discus-

sion of morphine contents in poppy seed, the transfer of toxicological

data from high concentrations of estragol to spices such as estragon,
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or the derivation of a l iver risk of Chinese cinnamon from the 0r00erties

of  an iso lated coumar in.  0nly  recent ly  the suggest ion was made to l imi t

furanocoumar ins in  Angel ica roots,  because the furan0c0umar in B-me-

thoxyps0ralen - which was n0t even detected in Angelica - is suspected

t0 cause sk in cancer when appl ied in  h igh doses and combined wi th UV-

irradiation. lt is t ime to crit ically evaluate the current mechanisms of "risk

assessment" before common sense is c0mpletely lost The aim of risk

assessment is to exclude any conceivable risk as far as possible. This

is neither practicable nor realistic. Cinnamon and Anglica are typical ex-

amoles.

Keywords: Zimt, Angelica, Cumarine, Furocoumarine, Toxizitdt / Cinna-

mon, Angelica, coumarins, f ur0c0umarins, toxicity

Einleitung

,,Zimt: eine bittere Wahrheit" - unter dieser Uberschrifr

wurde noch vor werrigen Monaten von der als wissen-

schaftl ich und fachlich fundiert anerkanrrten Zeitschrift f i ir

Phytotherapie vor den F'olgen des Konsums von Zimtster-

nen gewarnt. Nach dieser Meldung, ft ir die als Quelle die

Verbraucherminister der Ldnder angegeben wurden, konnte

wegen des Cumaringehaltes von Zimt (Cinnamomum aro-

maticum Nees, Lauraceae) fi ir Kinder bis 15 kg Korperge-
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