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POTENTIAL ANTICANCER PROPERTIES OF BERRIES
FROM ORGANIC PRODUCTION — A REVIEW

Summary

Berries belong to the best dietary sources of isaccompounds, mainly phenolic compounds (pheraiids, flavonoids
including anthocyanins and flavonols, tannins) anhmin C (ascorbic acid). These compounds, eithdividually or
combined, are responsible for various health bésef berries, in that protective effects to lovlee risk of various can-
cers. Over the last 25 years, a significant nuntdfeesearch studies have compared the contentsarfglics and vitamins,
nutritionally relevant minerals, toxic metals, gegte residues and macronutrients in crops fromaorig and non-organic
production systems. The most recent meta-analysisnsirizing the results of 343 peer-reviewed studiesparing plant
food from organic and conventional production caggd that organic products are, on average, chaaped by signifi-
cantly higher concentrations of various antioxidafite. phenolic compounds) and much lower incidesfcpesticide resi-
dues than their conventional comparators. Thisifigdsuggests that berries from organic productioayrhave a grater
health effects than non-organic ones. In this pagsearch on anticancer properties of berries ahelirt bioactive com-
pounds is reviewed.
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POTENCJALNE WLA SCIWO SCI PRZECIWNOWOTWOROWE owoc()yv
JAGODOWYCH Z UPRAW EKOLOGICZNYCH — PRZEGL AD BADAN

Streszczenie

Owoce jagodowe nale do najlepszych dietetycznyéfddet zwiyzkdéw bioaktywnych, a w szczegékiawigzzkdéw fenolo-
wych (kwasow fenolowych, flawonoidéw, w tym antoadiyv i flawonoli, garbnikéw) i witaminy C (kwasukasbinowego).
Skiadniki te, pojedynczo lub wspétdziatajs; odpowiedzialne za edorodne korzici zdrowotne wynikagce ze spiywa-
nia tych owocow, w tym dziatanie ochronne ¢quejna celu zmniejszenie ryzyka zachowbwa choroby nowotworowe.
W ciggu ostatnich 25 lat w wielu badaniach naukowychdparywano zawari@ zwigzkdéw fenolowych i witamin, skfadni-
kéw mineralnych, metali toksycznych, pozostalpestycydow i makroelementéw w ptodach pochmgh z ekologicznych

i konwencjonalnych systemoéw produkciji. Z najnowszetaanalizy podsumowugej wyniki 343 recenzowanych prac po-
réwnujcychzywnai¢ pochodzenia rélinnego z produkcji ekologicznej i konwencjonawgnika,ze produkty ekologiczne
charakteryzuj sie srednio znacznie wgzymi zawartiami r&nych przeciwutleniaczy (np. zkéw fenolowych) i znacz-
nie nisz czestotliwasciq wysepowania pozostakei pestycydow giich konwencjonalne odpowiedniki. To odkrycie pezwa
la przypuszcza ze owoce jagodowe z upraw ekologicznych anoge’ wiekszy wplyw na zdrowie cztowieka miwoce

z upraw konwencjonalnych. W artykule dokonano pgziegbada: dotyczcych wigciwosci przeciwnowotworowych owo-
cow jagodowych i ich sktadnikéw bioaktywnych.

Stowa kluczoweowoce jagodowe, uprawa ekologiczna, flawonoidyady fenolowe, wigiwasci przeciwnowotworowe

black chokeberry, raspberry, blackberry, strawbeasnd
wild strawberry. In Poland the most important besrare:
strawberry FragariaxananassaDuchesne), raspberrir(-

1. Introduction

There is strong scientific evidence for health dfitg

associated with increased consumption of crops hich
phenolics and other plant secondary metaboliteb wuiitti-
oxidant activity (e.g. carotenoids and vitaminsr@ &) [4,
21]. These active compounds in foods are involvethe
binding of mutagens, inhibition of metabolic actiga of
pro-mutagens, removing free radicals, inhibitioncahcer
cell proliferation, intensification of the processef DNA
repair and induction of cancer cells apoptosis.yThay
also affect the differentiation of cells, exhibjttatoxic and
cytostatic activity against tumour and regulate ithenune
system [18]. Fruits are the main source of antiamtd with
anticancer activity in our diet and among them ibsrare
the richest in this respect [15]. The berry frugeoup,
whose one common feature is type of the fruit, udebk
numerous species such as gooseberry, cranberbgriyi
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bus idaeud..) and blueberry\(accinium corymbosurh.)
[11]. From the nutritional point of view berry ftaiplay an
important role in human nutrition. They containa bf
bioactive compounds, in that well known antioxidahke
flavonoids and phenolic acids. Colour of berry tus one
of the most important appearance attributes. Ibeig
caused by the accumulation of anthocyanins in fiast
skin of fruits [10, 16]). Phenolics are the onlytative de-
fensive molecules ubiquitous in higher plants. Tihaye
played a central role in theories of plant-herbévorterac-
tions [25]. Their function and working in plantseavery

huge and not to the end well known [8-9]. For human

health polyphenols are mostly used as antioxidgents
and protect body cells against oxidation. Theyaapower-
ful antioxidants as well take part in many metabgioc-
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esses [7, 13]. As was reported by the authors afxaen-
sive, recently published meta-analysis, many ofoaint
dants are found in higher concentrations in orgaom-
pared to non-organic fruit and vegetables. At times time
organic crops are characterized by significantlydo con-
centrations of cadmium and lower incidence of et
residues (in case of fruit even 7 times lower) ttragir con-
ventional comparators [1]. On the basis of the abstate-
ments one could expect beneficial health impaces fio-
tent anticancer properties) of berries, especihibse pro-
duced according to organic farming standards. Hewev
the available research addressing the health impfaot-
ganic vs. non-organic products is very limited simefe are
no studies using berries as a study object. Thpempaimed
mainly to present research on anticancer propeofidzer-
ries and bioactive compounds they contain.

2. Berry bioactive compounds and their anticancerfgect

Berries contain two major groups of phenolic com
pounds: flavonoids, in that mainly flavonols andthan
cyanins, and phenolic acids, in that a very strangoxi-
dant - ellagic acid [12]. Results of vitro studies indicate
that vitamins and certain phytochemical antioxidaate
effective against e.g. human colorectal, breastsaoohach
cancer cells. In the Faria et al. [6] study a hurbagast
cancer cell line, treated with catechin or procgamifrac-
tions obtained from a grape seed extract, were used
evaluate the effect of these compounds on cellilitiabnd
proliferation. The results showed that some proiian
fractions (30 microg/mL) as well as catechin (60- mi
crog/mL) were able to decrease cell viability amdlifera-
tion. Authors have noticed that the procyanidinctiens
that exhibited higher antioxidant activity were theme to
affect cell viability and proliferation. In the ahstudy [14]
polyphenol-rich berry extracts were screened feirtanti-
proliferative effectiveness using human cervicahosa
(HeLa) cells grown in microtiter plates. The residhowed
the strongest effects of strawberry, arctic brambleud-
berry and lingonberry extracts, which contained4®5mi-
crog/mL of phenols. These extracts were also effect
against human colon cancer (CaCo-2) cells, buti;dase
the cell cultures were more sensitive to low coltregions
and conversely less sensitive to higher conceotratiof
extracts. The berries extracts share common pohgihe
constituents, especially the ellagitannins, whielvehbeen
shown to act as effective antiproliferative agems.the
same time the antiproliferative activity of lingarby was
linked predominantly to procyanidins. Zhang et[28] ex-
amined strawberry crude extracts and purified camds
(e.g. cyanidin-3-glucoside, pelargonidin, kaempfero
quercetin, ellagic acid). These substances wer&uatea
for antioxidant and human cancer cell antiprolifexa ac-
tivities. Crude extracts (250 pg/mL) and pure coomuts
(100 pg/mL) inhibited the growth of human oral (GAL,

KB), colon (HT29, HCT-116), and prostate (LNCaP,

DU145) cancer cells with different sensitivitiessebved
between cell lines. The described results confiienbiioac-
tivity of berry fruit phenolics and their potentighpact on
human health. Thomasseta et al. [19] reportedttigaton-
sumption of products rich in anthocyanins reduceslaof
colon cancer, due to their antioxidant
inflammatory properties. In their study, patientshwcolo-
rectal cancer and liver metastases received diffedeses
of standardized extract of blueberries (0.5, 1.@.6rgrams
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of anthocyanins) 7 days before the scheduled dparat
The results showed a reduction of cancer cell femaifion,
increased apoptotic index in epithelial cells, alvas a
slight decrease in the plasma concentration oflimdilke
growth factor 1. The most preferred effects werseobed
with a daily dose of anthocyanins, which corresoia
approximately 370 g of fresh blueberries [19]. @the-
thors [20] conducted a study on the anticancerceffef
resveratrol (found in red grapes, blueberries wdiearies,
raspberries and blackberries). Authors stated risstera-
trol (100-150 microM) suppressed cell proliferatioy in-
hibiting insulin like growth factor-1 and also emicad
apoptosis by activating tumour suppressor p53 prate
human colon cancer cells (HT-29 and SW480). DerGast
and Teodoro [3] in their review concluded that manhyhe
berry phenolic compounds show anticancer activitied
exert their effects through one of the aforememtibn
mechanisms. It is expected that the effects of giwynols
on cell cycle, cell growth and proliferation, aslwes in-

duction of apoptosis in cancer cells, will providees for
the prediction of novel agents that may be usefudancer
chemoprevention or chemotherapy, therefore, mof@r-in
mation is needed with regards to the possible ablglants
in cancer prevention and therapy.

3. Inhibition of growth of various cancer cell lines by
berry fruit extracts

The growth of various cancer cell lines (e.g. stcim pros-
tate, colon, cervical and breast) was found tottomgly inhib-
ited by berries [2]. Authors have reported in thegiew that
berry extracts inhibit the growth of cultured canmells and cer-
tain berries (e.g. blueberry, blackberry, blackanirrand rasp-
berry) are considerably more effective than otingitsf They
have concluded that berry extracts can inhibitrifi@tion, pro-
gression, and invasiveness of colon cancer celtsthe chal-
lenge is to increase an understanding of the mechanin-
volved [2]. According to Zhang et al. [24] blaclspaerries and
their bioactive components represent promising idates for
future phytochemical-based mechanistic pathwaytadycan-
cer prevention strategies. In tinevitro study authors stated that
the black raspberry ethanol extract significantihibited the
growth of human cervical cancer cells in a dosesdéent and
time-dependent manner to a maximum of 54%, 52%6@f6l
respectively inhibiting proliferation and regulgirapoptosis.
Somasagara et al. [7] investigated the anticaratisfity of the
methanolic extract of strawberries in leukaemia langdst can-
cer cell linesex vivg and its cancer therapeutic and chemopre-
ventive potential in mice models. The results ssggethat ex-
tract of strawberry fruits can induce cytotoxiditycancer cells,
irrespective of origin, in a concentration- andetidependent
manner. Treatment of mice bearing breast adenooanei with
extract blocked the proliferation by activating pjasis of tu-
mour cells in a time-dependent manner and resultextended
life span, and did not result in any side effet®.[Wang et al.
[22] tested fruit extracts of three strawberry ggefor the abil-
ity to inhibit proliferation of human lung epithalicancer cells
(A549). At the species levet, virginianafruit extract inhibited
the proliferation of A549 cells to a significantyeater extent
(34% inhibition) than the extracts from fruit ofterF. chiloen-
Sis (26%) orF. x ananass#25%). The results also suggest that

and antistrawberries can inhibit A549 cell population growin the

study correlations between levels of antioxidapiaciy, anti-
oxidant enzyme activity, non-enzyme components,aautigro-
liferative activities of strawberry genotypes wegsitive and
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high (Wang et al. 2007). In the Diaconeasa etodlstudy an
antiproliferative potential of anthocyanin-richdtians obtained
from commercially available blueberry and blackantrjuices
on three tumour cell lines (B16F10 - murine melaapA?780 -
ovarian cancer and HelLa - cervical cancer) wasiated. Au-
thors have determined individual anthocyanins aanations
and antioxidant activity of the juices. For biolcajitesting, the
juices were purified in order to obtain fractiomshrin an-
thocyanins. The antiproliferative potential of astianin-
rich fractions was found to be associated with anth
cyanins’ antioxidant potential.

4. Conclusion

The results of botim vivo andin vitro studies on vari-
ous cancer cell cultures presented in the artialeehsug-
gested that bioactive compounds of berries poss#gsan-
cer effects, thus have an influence on human healdiary
intake of berries with high content of phenolic gmunds
and high antioxidant activity could have a potdntiare-
duce risk of cancer and other diseases known facheed
by oxidative stress. Based on many research resutic
products are, on average, characterized by signifig
higher concentrations of various antioxidants (pleenolic
compounds) and much lower incidence of pesticidg- re
dues than their conventional comparators. Thisifigpdug-
gests that berries from organic production may have
grater health effects than non-organic ones.
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