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THE QUALITATIVE EVALUATION OF THE FRUIT OF INDIVIDU AL CULTIVARS
RUBUSTAKING INTO ACCOUNT THEIR USEFULNESS TO ORGANIC FARMING

Summary

A specific objective of this paper was to evalwatpiality of the fruit of individual cultivars Rubtiaking into account their
usefulness to organic farming. The berry fruitsongl to different botanical groups. Type of thetBis common feature of
those fruits. To this fruit group belongo: rasphe(Rubus idaeus), tayberry (Rubus fruticosus x Rudi@eus), black rasp-
berry (Rubus occidentalis L.), malina kanadyjskail{ts canadensis), 4gna bezkolcowa (Rubus fruticosus). The berry
fruits contain a lot of bioactive compounds, whigk well known as antioxidants. Those compoundsnigeinostly to poly-
phenols group. Polyphenols are characterized bptemt antioxidant and anticancer properties. Thpazimental material
was composed of the fruits of individual cultivRigbus obtained from Polish Academy of Sciencesmi®aiaGarden, Cen-
ter for Biological Diversity Conservation in Powsifihe content of dry matter, vitamin C and polypiemvas measured in
fruits. The obtained results showed that the caittivas an impact on the nutritional value and tlemtent of bioactive
compounds in the berry fruit. The highest contarfitdry matter, total flavonoids and anthocyaningevéound in black
raspberry fruit. Rubus canadensis fruit containkd highest content of vitamin C. The highest cdrgétotal polyphenols
was observed in fruits of Rubus idaeus. In contithet highest content of total phenolic acids andrgetin was found in
tayberry fruit. In conclusion, berry fruits can lbsed as good sources of antioxidants in diet ang naae relevance in the
prevention of diseases in which free radicals anglicated. They are easy in cultivation and carrd@mmended to or-
ganic cultivation.
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OCENA JAKO SCIOWA OWOCOW RO ZNYCH GATUNKOW RUBUS
ZE WZGL EDU NA ICH PRZYDATNO SC DO UPRAW EKOLOGICZNYCH

Streszczenie

Celem tego badania byta ocena jékiowa owocow rénych gatunkéw Rubus we wal na ich przydatn@ do upraw
ekologicznych. Owoce jagodowe rzalelo r&nych grup botanicznych. Ich wspdloechy jest rodzaj owocéw. Do tej grupy
owocow nalég: malina, malinojéyna, czarna malina, fgna kanadyjska, jgna zwyczajna, jgna bezkolcowa. Owoce ja-
godowe zawieragj dize ilosci zwigzkow biologicznie czynnych o charakterze antyolsydgm, zwtaszcza polifenoli. Poli-
fenole wykazuj wtasciwasci przeciwnowotworowe. Materiat do batlatanowity owoce poszczegdlnych gatunkéw Rubus.
Owoce byly analizowane podtkm zawartéci suchej masy, witaminy C i polifenoli. Uzyskanmiki wykazatyze gatunek
ma wplyw na warté octywcz i zawarta¢ zwigzkOw bioaktywnych w owocach jagodowych. Nagayzawartaé suchej
masy, flawonoidéwogétem i antocyjanéw stwierdzonowecach maliny czarnej. Owocejay kanadyjskiej zawieraty
najwieksz; zawarta¢ witaminy C. Najwgsz; zawart@¢ polifenoli ogétem zaobserwowano w owocadlyng zwyczajnej.
Natomiast w owocach malinajmy stwierdzono najwgz; zawarta¢ kwaséw fenolowych ogoétem i kwercetyny.
Podsumowujc, owoce jagodowe magstanowé dobre Zrodio przeciwutleniaczy w diecie i mpgapobiega chorobom
powodowanym przez wolne rodniki. Oméwione krzewgcow jagodowychgstatwe w uprawie i magby¢ hodowane w
systemie rolnictwa ekologicznego.

Stowa kluczoweowoce jagodowe, sktadniki bioaktywne, antyoksyylaolifenole, rolnictwo ekologiczne

1. Introduction droxyl groups attached to the aromatic ring. Monant

8,000 polyphenol compounds have been isolated frania

In general, fruit consumption is increasing. Thare
many health benefits resulting from the consumptadn
fruit. Fruits contain many valuable nutrients, whiare in-
volved in many metabolic reactions occurring in tlugnan
body. Many of them exhibit antioxidant propertieghich
include the ability to neutralize reactive oxygegreaes.
These include vitamin C and polyphenol compoundsh su
as phenolic acids, anthocyanins and flavonoidsyphel-
nols are the largest group of natural antioxidahtt are
primarily responsible for inhibiting the formaticof free
radicals, thereby preventing the occurrence of mdisy
eases. This is because polyphenols bind to matahdich
are catalysts for free radical reactions [12]. pbgnols are
organic phenolic compounds containing at least twe
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ous natural products, including flavonoids and itierac-
ids. Each group is then subdivided into subgrougsedd-
ing on the chemical structure of the basic carbarieson
[15]. Polyphenols are naturally occurring in plariat are
not produced by the body, and should also be seghplith
food. Berry fruits are especially rich in these @omnds.
Berry fruit contains many important dietary compotse
vitamins, minerals, polyphenols and fibre. The awerim-
ing body of research has now firmly stated thatdlegary
intake of berry fruits has a positive and profoumgact on
human health, performance and disease. Berry farigs
known as possessing outstanding antioxidative poWee
antioxidant capacity of berry fruit was shown to ibélu-
enced by several factors with cultivar variabilitging one
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of the most important. Antioxidants occured in lpefinuit
exhibit anti-atherosclerotic, antitumor and antirolal
features. They eliminate reactive oxygen speciesyenge
free radicals, causing the chelation of metal iand the
inhibition of enzymes from the group of oxidasebaiiks
to this the human body is protected against oxidaiiress purpose of organic farming is not only to produéghh
and the development of related diseases [5]. quality food but also to protect natural environtnand en-

Rubuss a large and diverse genus of flowering plants irsure the well-being of farm animals. Organic fargniis
the rose family, Rosaceae, subfamily Rosoideady 2880— based on the controlled production methods whiehcan-
700 specieskRubusrepresents one of the most diverse genducive to biodiversity and do not cause soil araligd wa-
era of plants, comprising 12 subgenera of whiclr ftave ter pollution because of the ban on agro-chemiédls
high value as fruiting species. This diversity eflected in
the wide range of fruit types and pigmentation fibwvithin
the genusRubusspecies are widely distributed globally as
wild and cultivated species and genotygesbusincludes The experimental material included the fruits odii
species found in Europe, Asia, and North Amerivdild  vidual cultivars Rubusraspberry, tayberry, black rasp-
grown Rubusspecies are mostly found in forest edges. Oberry, Rubus canadensis, Rubus idaeus Rubus fsutico
the cultivatedRubusthe most popular is the red raspberryThe experimental material was composed of thesfroli-
of the subgenus Idaeobatus, which is distributesugghout  tained from Polish Academy of Sciences Botanicaldéa,
the temperate regions of Europe, Asia and North igae Center for Biological Diversity Conservation in Pgiw

intensive farming practices. Purportedly sustaiadiakm-
ing systems such as organic farming are now seanany
as a potential solution to this continued loss iofitversity
and receive substantial support in the form of glybpay-
ments through EU and national government legistafidne

2. Material and methods

as two species, RlaeusL and RstrigosusMichx. Fruit

Rubus are widely recognized fruits for their nutritional was measured in fruits.

quality and potential health benefits. Fiitbusin particu-
lar, are known to demonstrate strong antioxidapiaciy,
mainly as a result of their high levels of anthatpa and

other phenolic compounds [10].

The intensification and expansion of modern agtizel

The content of dry matter, vitamin C and polypHeno

In fruits the content of dry matter (by scale noet}) vi-
tamin C (by spectrophotometric method) as well aly-p
phenols (by HPLC method) has been determined. Bhe o

tained results were statistically elaborated withstghoc

is amongst the greatest current threats to worlevoiddi-

versity. Over the last quarter of the 20th centaingmatic

declines in both range and abundance of many spesie

sociated with farmland have been reported in Eyrtgzsl-
ing to growing concern over the sustainability ofrent

3. Results

Tukey test (p=0,05).

Table 1. The content of dry matter (g/100 g FWiamwiin C (mg/100 g FW) and polyphenols (mg/100 g fW8xamined berry fruits
Tab. 1. Zawarté’ suchej masy (g/100sgm.), witaminy C (mg/100sm.) oraz polifenoli (mg/1004m.) w badanych owocach jagodowych

Nutritional value and content of bioactive compdsiin
berry fruit are shown in Table 1.

Cultivars
Examined compounds Raspberry Tayberry Black raspberr Ruggisﬁzna— Rubus idaeus | Rubus fruticosus p-value
dry matter 17,851,170 14,26+1,014 23,49+1,05 @E&8b | 16,26+0,90ab 16,42+1,40a0 _ <0,001
vitamin C 60,01%5,25¢c|  38,81%5,134 47,80t427ab  ®RD6c | 55,80+2,94bc 61,68+6,48C 0,001
total polyphenols 107,44+3,61a  172,25+450b  9948(BIC | 83,36+143d  294,75+7,784 255,34+20,91b 40,00
total phenolic acids 48,47+1,25b  85,08+3,76H 70538%C 11,49+0,65a  51,02+3,89b 71,01+4,54 <0,001
gallic 3,3120,17b 2,74+0,77b 9,78+0,35¢ 2,69t0,33b 0,64%0,01a 0,54+0,05a <0,001L
chlorogenic 28,91+1,650 30,790,514 40,44%5,16¢  28)H6a 42,50+3,76C 8,86+1,24a <0,001
caffeic 1,62+1,03b - - 1,04+0,00H 0,680, 19al 1(38%b 0,01
p-coumaric 9,87+0,42b|  49,82+3,79( 14,55+1,324 52t 6,06+0,05b 58,98+3,10e| _ <0,001
benzoic acid 0,78+0,11b 0,77+0,06b 2,60+0,48d 105%c 0,22+0,02a 1,22¢0,01bc| _ <0,001
cinnamic acid - - - - - -
Ellagic acid 3,05+0,35¢C 1,84+0,06b 3,48+0,42¢ } } - <0,001
total flavonoids 12,830,384  12,82+0,77 32,02+0,52| 22,0120,80b|  15,39%0,73a 21,36+1,750 <0,001
quercetin-3-O-rutinosidg 5,190,344 5,94+0,77d0  9940,96C 17,01+0,63d 7,12+0,11b 10,05+1,23 <0,001
glycoside-3-O-querceti] __ 0,48+0,014 0,52+0,074 MBI 0,45:0,07a 3,00:0,28b 4,49+0,40C <0,001
glycoside-3-O- 1,35+0,16b N.W.£0 W0 W40 W0 W40 <ai0(
kempferol
myristectin 3,65:0,32ab| _ 3,870,52af 5,19+0,93C )]Tha 3,0410,46a 4,69+0,15hc 0,007
quercetin 1,68+0,07a __ 2,18+0,16b 1,79+0,42b 1,08®, | 1,65+0,66ab 1,81+0,18b n.s
kaempferol 0,47+0,02¢ 0,28+0,02a 0,50+0,03¢ 0,410, 0,27+0,01a 0,3120,03a <0,001
total of anthocyanins | 46,132,138 73,4427,04a  @8@i4,08d | 49,86+1,03d  228,33+7,32 162,97+14,64b 0D,
g'y‘a‘;ﬁgﬁh‘?r‘ﬁaﬁ;g"o' 34,23+0,72a| 63,2048,12a|  728,25+3540c  27,96+0,29a74,48+13,40b | 138,63+12,004  <0,001
galath)oesol(r:i](ied—i?r;],:—dl—O— 3,37+0,29a 2,84+0,32a 58,67+7,80d 9,29+0,6dab 22.68¢ 11,18+2,61b <0,001
g'ycocsy'gﬁi';féd"o' 7,93+1,48a 7,3920,79a 99,57+4,82¢ 11,96+1,80a  3B,G8b 10,99:0,78a |  <0,001
glycoside-3,5-di-O- ) )
i 0,59+0,11b 0,64+0,08b 0,06£0,0014| 2,15¢0,20¢ 08D

*data are presented as the mean + SD with ANOVAlpe; ** n.s. (statistically not significant); vads labeled with the same letter are
not significantly different (Tukay’s honestly sidicant difference test, P=0.05)
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Source: own work Zrodlo: opracowanie wlasne
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Dry matter content. The highest content of dry matter werefrom currants cultivar Ojebyn. Flavonol content whe
found in black raspberry fruiThe content of dry matter in hightest of jams made from Titania fruit, while met#ta-

fruits mainly depends on the method of soil ferdition. Too
high dose of nitrogen used in the later phasesefjtowth
may reduce the dry matter content in the fruit [9].

Vitamin C content. Rubus canadensiuit contained the
highest content of vitamin C. The high content itdimin C

in fruits can be explained by the fact that theelesf vita-

min C increases if the plant is grown under the totnogen

availability conditions [9].

Polyphenols content.The highest content of total polyphe-

nols was observed in fruits &ubus idaeusin contrast, the
highest content of total phenolic acids and quarcefs

found in tayberry fruit. Black raspberry fruits veczharacter-
ized by the highest content of total flavonoids amdho-
cyanins. Polyphenols constitute a large class afpmunds
present in plants. Experimental research has ddratet
that each plant species is characterized by treepee of a
limited number of compounds. Within each species, ra-
ture of these compounds can vary from organ tororgac-
tors contributing to the variability in polyphenastribution

include cultivar and genetics, geographical origimgturity,

climate, position on trees, and agricultural pcasi[1].

4. Disscusion

In their experiment, Skupieet al. (2012) analyzed the

content of biologically active compounds (vitamina@d
polyphenols) in raspberry fruits of different cultrs (Po-
lana, Polka and Pokusa). Raspberry fruit cultivaku®a
contained higher content of vitamin C (22,88 mg/4)0
and polyphenols (244,7 mg of gallic acid/100 g).cbm-
trast, raspberry fruit cultivar Polana was chando¢el by
the lowest content of vitamin C (17,62 mg/100 gJ aoly-
phenols (186,9 mg of gallic acid/100 g) [12].

In another research, Fijol-Adach et al. [3] stddibe
effect of the organic and conventional system enchality
of strawberry fruit. The result showed that strasies cul-
tivar Elkat from organic production contained sfgrantly
higher content of L-ascorbic acid (123 mg/100 gfreEh
weight) compared with conventional strawberries (53 /
100 g of fresh weight). Organic strawberries alsntained
higher levels of polyphenols, flavonoids and anjfamins
than conventional strawberries [3].

Research of Wojdyto on organic strawberry fruitdtie
var Senga Sengana and Elkat showed lower contdribof
active poly-phenol compounds compared to their eanv
tional counterparts, which determined their highetioxi-
dant activity. The total content of individual cooymds
depended not only on the cultivation system bui als the
cultivar. Strawberry cultivar Senga Sengana hadB®a-
more polyphenolic compounds than Elkat strawbeffi8%
Three cultivars of blackcurrant: Ben Lomond, Ojelayd
Titania were selected for the research. The jame weade
of the fruits and then analytical tests were cdrriait in
which vitamin C, phenolic acids, flavonols and anth
cyanins. The cultivation method had a significarfluence
on the contents of phenolic acids, flavonols aridmin C
in currants jams. The cultivation method also aédcthe
accumulation of anthocyanins in the tested produdtsv-
ever, taking into account the cultivar there wagelation-
ship between the content of anthocyanins and thevau
The highest content of phenolic acids was containgaims
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min C contained jams from the Ben Lomond cultiv@if-

ferences in the content of vitamin C and phenatidsaand
flavonols were dependent on both the cultivationraf/
materials and cultivars [7].

In a study by Sablani et al. there was comparedtm-
tent of anthocyanins and total phenolic acids Bpberries
and berries of organic and conventional cultivatidime
raspberries cultivar Meeker and blueberries cultidake
and Rek were the study material. The type of caiibn
system had a significant effect on the anthocyawgimtent
of the fruit. The anthocyanin content in the blueles of
the cultivar Reka was higher (1.19 g / kg of fregkight)
than in conventional blueberries (0.997 g / kg adfsh
weight). In contrast, both Duke blueberries frongasic
farms and ecological raspberries were charactertzgd
lower anthocyanin content than conventional fruResults
related to the total phenolic content of the faklibwed that
raspberries and both types of blueberries of ogarigin
contained higher amounts of this compound comp#oed
the conventional ones [10].

In conducted research, Klamkowski et al. [8] azedi
responses of three raspberry cultivars (Beskid,zkas
Latham) to water deficiency. It was examined byleating
selected physiological parameters. Plants wereestitip
two different water regimes: optimal irrigation (tool),
and reduced irrigation. Leaf water potential in@lltivars
was decreased as a result of limited water avdithabi
Genotypes differed in their response to water dafiy.
Under water shortage conditions, the rate of CGvak-
tion was the highest in cultivar Latham and LasfBa.the
other hand, the severe inhibition of photosynthesis ob-
served in ‘Beskid’. Taking all data into considéatit was
concluded that cultivar Latham and Laszka appetodue
more drought resistant which was reflected by eocbdn
physiological parameters [8].

The review by Gryszc#gka et. al. [4] suggested an as-
sociation between consumption of polyphenol-richirpe
fruits and their prophylactic role. The antioxidativity of
berry fruits depending on the cultivar is also dissed El-
liot Nero fruit contained the highest content of total poly-
phenol compounds but was characterized by the kwes
content of |-ascorbic acid. The highest conteritadcoribc
acid was found ifRibes nigrundruit (table 2) [4]

Table 2. Total content of polyphenol compounds aoa-
centration of l-ascorbic acid in selected cultivafsberry
fruits [4]

Tab. 2. Catkowita zawartd zwizzkdéw polifenolowych

i stezenie kwasu l-askorbinowego w wybranych odmianach
owocoéw jagodowych [4]

. Total of polyphenol L-ascorbic acid
Cultivar compounds
[Mg/100 g FW] [mg/ 100 g FW]
Rubus fruticosus 397,459 13,1+0,1
Rubus idaeus 140,6+0,9 15,5+0,7
Ribes nigrum 535,5+10,2 108,1+2,5
Ribes rubrum 501,6+4,2 51+1,9
Elliot Nero 690,2+8,8 13,1+0,5
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The aim of study conducted by Bobinaite et al.f2ls [4] Gryszczyiska B., Iskra M., Gryszcigka A., Budzj M.
to assess the level of some bioactive comound$ iradp- Aktywnos¢ przeciwutleniajca wybranych owocéw jagodo-
berry cultivars. The content of total phenolicsgeah from wych. Postpy fitoterapii, 2011, 4: 265-274. 3
278.6 (Pokusa) to 714,7 mg/100 g (Bristol). Thaltan- (B! Hegeds A, Balogh E., Engel R., Sipos B.Z., Papp Jz@lis

. . . A., Stefanovits-Banyai E.: Comparative nutrientreat and an-
thocyanins content varied from 2,1 (yellow Beglianko tioxidant characterization of berry fruit speciesd acultivars

325_,5 mg/100 g (black Bristol). The_ radical scavegga- grown in Hungary. HortScience, 2008, 43(6), 1711517

pacity Qf the_teSted raSPb_e”y cultivars was higtiyre-  [6] Hole D.G., Perkins A.J., Wilson J.D., Alexander.|.Brice

lated with their total phenolics content [2]. P.V., Evans A.D.: Does organic farming benefit iiedsity?
Biological conservation, 2005, 122(1), 113-130.

5. Conclusions [7] Kazimierczak R., Hallmann E., Brodzka A., Rembiatkosvsk

E.: Poréwnanie zawartoi zwiazkow polifenolowych i wita-
miny C w dcemach z owocéw wybranych odmian porzeczki
czarnej Ribes Nigrum L. z uprawy ekologicznej i kemgjo-
nalnej. Journal of Research and Applications in égtural

1. The cultivar has an impact on the nutritional vaine the
content of bioactive compounds in the examiReBusfruit.

2. The examined fruits were characterized by stasiflyic Engineering, 2009, 54(3): 123-129.

significant differences in the content of biolodigaactive  [8] Klamkowski K., Treder W., Orlikowska T.: Wptyw dtog
compounds. trwatego deficytu wody w podini na wybrane parametry fi-
3. The highest content of dry matter (23,49 g/100 f) Ratal zjologiczne rélin trzech odmian maliny. Infrastruktura i Eko-
flavonoids (32,92 mg/100 g FW) and total anthoaysni logia Teren6w Wiejskich, 2015, (11l/1): 603-611. N
(886,49 mg/100 g FW) was found in black raspbetriy. [9] Mijangos I., _Pérez R., A!blz_u l., _Garblsu C.: Effeofdfertili-

4. Rubus canadensisuit were contained the highest con- ~ Zation and tillage on soil biological parameterszjime and

. . : Microbial Technology, 2006, 40(1), 100-106.
tent of vitamin C (64,17 mg/100 g FW) and taybeyt 1, 5 55man B.D.. Ladet S., Godfrey D.V., Liang J., Girdd

were characterized by the lowest content of vitar@in Characteristics of raspberry (Rubus idaeus L.) sde&aod

(38,81 mg/100 g FW). Chemistry, 2000, 69(2): 187-193.

5. The highest content of total polyphenols was olesrv [11] Sablani S.S., Andrews P.K., Davies N.M., Walters Saez
in fruits of Rubus idaeus(294,75 mg/100 g FW) and the H., Syamaladevi R.M., Mohekar P.R.: Effect of thermal
lowest content of this compounds was found Raobus treatments on phytochemicals in conventionally anghni-
Canadensigruit (83,36 mg/100 g FW). cally grown berries. J. Sci. Food. Agr., 2010, 90{®9-778.

6. The highest content of total phenolic acids (85,9é12] Seeram N.P.: Berry fruits: compositional elemenits¢temi-

- cal activities, and the impact of their intake amtan health,
?)gﬁwldoicsw ?ayll:)\évr)ryi?gitquercetm (2,18 mg/100 g FW) was performance, and disease, 2008, 627-629.

[13] Skupien K., Ochmian 1., Grajkowski J., Krzywy-Gavsta
E.: Nutrients, antioxidants, and antioxidant atyiwf organi-
cally and conventionally grown raspberries. J. /A Bot.
Food. Qual., 2012, 84: 85-89.

[14] Wojdyto A.: Poréwnanie sktadu chemicznego ze székeg
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