‘ l Available online: www.notulaebotanicae.ro

AcademicPres

Print ISSN 0255-965X; Electronic 1842-4309

Notulae Botanicae Horti

Not Bot Horti Agrobo, 2018, 46(2):563-569. DOI1:10.15835/nbha46210993 Agrobotanici Cluj-Napoca

Original Article]

Element Composition, Total Phenolics and Antioxidant Activity of Wild
and Cultivated Blackberry (Rubus fruticosus 1.) Fruits
and Leaves during the Harvest Time

Noémi KOCZKA™, Eva STEFANOVITS-BANYAT Eniké PROKA]J"

Szent Istvan University, Faculty of Agricultural and Environmental Sciences, Pdter K. Street 1, 2100 Godolld,
Hungary; koczka.noemi@mhkk.szie.hu (*corresponding anthor); prokaj.eniko@mbkk.szie.hu
2Szent Istvan University, Faculty of Food Science, Villdnyi Streer 29-43, 1118 Budapest, Hungary; banyai.cva@etk.szie.hu

Abstract

In Europe, blackberry (Rubus fruticosus L.) fruits are cultivated for fresh or processed products, and the leaves are collected
for medicinal uses mainly from wild-grown populations. In this study, mineral composition, total phenolic content (Folin-
Ciocalteu’s method), and total antioxidant capacity (ferric reducing ability of plasma, FRAP) of blackberries were determined
during the harvest period. Leaves and fruits were harvested from wild-grown and cultivated plants at the same locations.
Results showed that sampling time and growing place influenced the element composition. Concentration of Ca, Fe, K, Mg, P,
Zn was significantly higher in cultivated fruits, however, content of Al, Cu, Mn was higher in wild-grown samples. Total
phenolic content (TPC) and FRAP values in the leaves increased slightly during the vegetation period. Fruits were harvested at
the same maturity stage, their TPC and FRAP level were not influenced by the harvest time. TPC and FRAP levels were higher
in blackberry fruits than that in leaves. Significant differences were obtained for TPC and FRAP between wild and cultivated
plants, both parameters were higher in the cultivated blackberries. Positive linear correlation was found between the TPC
results of wild and cultivated blackberry leaves and fruits, and the same was true for FRAP values. Between TPC and FRAP
also a strong positive relationship was observed both in leaves and fruits. Our findings suggest that cultivated blackberry fruits
had higher mineral level and antioxidant properties than the wild ones; however, the antioxidant power of leaves from wild

populations was similar to that of cultivated plants.
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Introduction

Berry fruits are well-known for their various health-
promoting properties like strengthening the immune
system  and  antioxidant,  anti-carcinogenic,  anti-
inflammatory, vasodilatory and antimicrobial effects
(Bobinaité ez al., 2012; Seeram, 2012). The most significant
health benefits of berries are attributed to the phenolic
compounds, such as flavonoids, phenolic acids and tannins
(Paredes-Lopez ¢t al., 2010; Lee ez al.,, 2012). Fruits with a
high phenolic content, including berries serve as natural
functional products with considerable health-promoting
effect (Szajdek and Borowska, 2008; Nile and Park, 2014).

Blackberries (Rubus fruticosus L.) are widespread in
northern countries of the world. Cultivated blackberry
fruits have become increasingly popular due to their good

taste, high dietary and health values. Among berry fruits,

blackberry is considered to be an excellent source of
phenolic compounds and vitamins, but also a valuable
source of minerals and dietary fibre (Zia-Ul-Haq e 4L,
2014). Fruits are consumed fresh or as processed products
such as jams, jellies, syrups and wines. Blackberries have been
found to contain a wide range of bioactive compounds in
their fruits such as vitamin C, phenolic acids, ellagitannins,
flavonoids including anthocyanins and carotenoids are
widely available (Tavares ez a/., 2013). Blackberry fruits have
different  pharmacological ~activities like anticancer,
antimicrobial, antioxidant, anti-dysentery, antidiabetic, and
antidiarrheal (Dai ez 4/, 2007; Bowen-Forbes ez 4l., 2010).
The fruit and juice are also taken for anaemia. A standard
infusion made, which can also be applied externally as a
lotion, reported to cure psoriasis and scaly conditions of the
skin (Piwowarski e# al., 2011). Blackberry leaves also have
high levels of antioxidants, according to findings of some
authors (Buricova ez /., 2011; Oszmianski ¢z al., 2015). The
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leaves are reported to be used in traditional medicine as anti-
bacterial, anti-inflammatory, anti-diarrhoeic, anti-diabetic
and anti-viral agents (Ferlemi and Lamari, 2016).

Total phenolics of blackberry fruits have been
extensively studied for a long time. Previous studies
demonstrated that level and composition of bioactive
compounds (e.g. flavonoids, total phenolics, and acids) in
blackberry depended mainly on the genotype. Siriwoharn et
al. (2004), Pantelidis ez al. (2007), Kostecka-Gugala ez 4.
(2015), Giindogdu ez al. (2016) obtained significant
differences among various blackberry cultivars in ascorbic
acid, phenolic content, and antioxidant capacity. Yilmaz ez
al. (2009), Milivojevic e al. (2011) reported higher values
for total phenolics and antioxidant capacity in wild-grown
blackberry fruits than in cultivated ones. The biochemical
composition of blackberries is also influenced by several
other conditions such as climate factors (e.g light intensity,
temperature) and agro-technical conditions (e.g. soil,
maturity grade). Effect of abiotic circumstances on fruit
quality, especially on functional compounds of blackberry
was also proved by earlier findings. Reyes-Carmona e al.
(2005) evaluated anthocyanins, total phenolics and
antioxidant capacity of blackberry fruit extracts originated
from different climatic regions. Ali ez 4/. (2012) investigated
the influence of nutrition strategy on the bioactive
compound levels (e.g sugars, vitamin C, phenolics,
anthocyanins) in blackberry. Mineral concentrations of the
fruit are dependably reported in database of U.S.
Department of Agriculture, Agricultural Research Service
(USDA-ARS, 2016).

Less study focused on phenolic compounds, antioxidant
activity or element composition of blackberry leaves.
Oszmianski ez 4/. (2015) observed great differences in total
phenolics and antioxidant power of leaves of several wild
Rubus species. Buricovd et al. (2011) found high phenolics
and antioxidant level in blackberry leaves. Element
concentrations were analysed by some authors in polluted
areas (Toth ef al., 2008; Nujkic e# al., 2016), which data
cannot compared to that of blackberries collected or
cultivated for human consumption in non-polluted regions.
Recent study by Konieczynski and Wesolowski (2012)
analysed only water-extractable magnesium, manganese and
copper in the leaves.

Although numerous literatures aimed to reveal some
aspects of functional role of the blackberry, a need for a
comprehensive study is unquestionable. Our work aimed to
compare the mineral composition, total phenolic content
and total antioxidant capacity of leaves and fruits in wild
and cultivated blackberries (Rubus fruticosus L.) grown
under similar conditions. Further objective included the
monitoring of the above quality factors during the whole
harvest period.

Materials and Methods

Biological material

Samples were collected from wild-grown blackberry
(Rubus fruticosus L.) and from cultivated blackberry (Rubus
fruticosus L. cv. ‘Thornfree’) at three growing places in
Hungary in three consecutive years. The cultivated
‘Thornfree’ samples were harvested from plantations on the

outskirts of three small towns (Agird /1/, Dany /2/,
Godolld /3/) and the samples of wild populations were
taken from the nearby forests to these towns. Fully
developed leaves were collected monthly from June to
September, and ripen fruits were harvested at three times
during the ripening period from August to September.
Triplicated samples were collected randomly from different

parts of the blackberry bushes.

Sample preparation

For analysis of element composition the leaves were air-
dried at 30 °C, and the fruits were freeze-dried after
homogenisation, then all samples were pulverised. Powered
samples (0.2 g) were digested in a mixture of 2 ml HNO;
and 2 ml H;O: in a Teflon bomb. The digested samples
were diluted with deionised water to a total volume of 10
ml. For determination of total phenolics and antioxidant
capacity, water extracts were prepared by addition of 100 ml
distilled water to 1 g of dried leaves or fruits, the infusions
were steeped for 24 h (Pharmacopoea Hungarica, 2004).
Extractions were replicated three times. After steepin
extracts were filtered and centrifuged (1300 rpm, 10 min§:
then the supernatants were analysed.

Determination of element concentration

The following elements were determined by inductively
coupled plasma optical emission spectrometry (ICP-OES,
IRIS Thermo Jarrel ASH, USA): Al, As, B, Ba, Ca, Cd, Co,
Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, P, Pb, Se, Si, Sr, Ti,
Zn. The concentration of the elements is given as mg kg'

dry weight (DW).

Determination of total phenolic content

The amount of total phenolic content (TPC) was
evaluated according to the Folin-Ciocalteu’s procedure
(Singleton and Rossi, 1965). Briefly, 0.05 ml of diluted
extract and 0.45 ml water were mixed with 2.5 ml of 1:10
diluted Folin-Ciocalteu’s phenol reagent, followed by 2 ml
of 7.5% (w/v) sodium carbonate. After 5 min at 50 °C,
absorbance was measured at 760 nm. TPC was estimated
from a standard curve of gallic acid and results expressed as
mg gallic acid equivalents (GAE) 100 g' DW. For this
method chemicals were used from Sigma-Aldrich Chemie
(Budapest, Hungary).

Determination of antioxidant activity

Total antioxidant capacity was determined by the ferric
reducing ability of plasma (FRAP) assay (Benzie and Strain,
1996). A sample containing 3 ml of FRAP solution (0.3 mol
acetate buffer, pH 3.6 containing 10 mmol 2,4,6-tripyridyl-
s-triazine (TPTZ) and 40 mmol FeCl; 6 H,O) (Sigma-
Aldrich Chemie, Budapest, Hungary) and 100 pl of extract
was incubated at 37 °C for 4 min and the absorbance was
measured at 593 nm. An intense blue colour is formed,
when the ferric-tripyridyl-triazine (Fe’*-TPTZ) complex is
reduced to the ferrous (Fe*) form at 593 nm. A standard
solution of 1 mmol L-ascorbic acid (Merck Chemicals
Hungary) in distilled water was prepared. The absorbance
change was converted into a FRAP value, by relating the
change of absorbance at 593 nm of the test sample to that of
the standard solution of L-ascorbic acid (AA) and results
were expressed as pmol AA g' DW.
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Statistical analysis

At least three analyses were run for each sample for
element content, total phenolics and total antioxidant
capacity. Each analysis consisted of triplicate measurements
of each sample and data were averaged over the three
measurements. Data were treated for multiple comparisons
by analysis of variance (ANOVA), followed by the
Duncan’s Multiple Range test. Data are presented as means
+ standard deviation. Statistical differences between
samples were evaluated by unpaired t-test. Relationship
between phenolic content and antioxidant capacity was
investigated by performing correlation analysis. For
correlation analysis between total phenolics, and FRAP
respectively, average values for a given location and sampling
time were paired in the case of leaves and fruits of wild and
cultivated blackberries. All statistical analyses were realised
using Microsoft Excel 2007 software.
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Results and Discussion

Element composition

Mean macro- and microelement concentrations of
blackberry leaves and fruits are shown in Figs. 1 and 2. As
there were no significant differences among the investigated
years in the element content, average vaﬁles of the three
years are summarised. The concentration of As, Cd, Co, Cr,
Hg, Mo, Pb and Se was under the detection limit in each
sample. The absence of heavy metals indicates that the
investigated samples are free of toxic metals.

Accumulation of most of the elements in the blackberry
leaves has risen slightly during the vegetation period. The
differences among the sampling times were significant in the
case of Ca, K, Mg and P levels. The highest increase in the
element concentrations was obtained for Ca and Mg, which
became greater by 2-fold at the end of the investigation
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Fig. 1. Element concentrations of wild and cultivated blackberry leaves (mg kg! DW)
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Fig. 2. Element concentrations of wild and cultivated blackberry fruits (mg kg DW)

period. Analysing all data, the highest mineral
concentration was observed for K. There are not any
relevant reports about the element concentrations in
blackberry leaves in the literature. However, our results for
Cu, Mg and Mn were much lower than found by
Konieczynski and Wesolowski (2012), Nujkic ¢z al. (2016),
who studied blackberries in polluted areas.

Based on our data, the leaf element composition was
influenced by the collection site for Al, Cu, K, Mn, Na, P,
but for the other elements there were no significant
differences among the samples. Comparing wild and
cultivated blackberries, significant differences could be
detected in the element concentrations of the leaves. Fe and
P contents were higher in cultivated “Thornfree’ samples
than in the wild plants. However, Al content was found to
be significantly higher in the wild populations. In case of the
other element concentrations, wild and cultivated samples
showed similar values.

All blackberry fruits were harvested at the same maturity
stage, so there were no differences in their element
compositions, they were constant during the picking period.
The growing place influenced the accumulation of Cu, Mg,
Mn, P in the fruits, however, concentrations of the other
elements differed not significantly. Comparing the fruits
originated from wild-grown and cultivated populations
significant differences were found among the samples.
Content of Ca, Fe, K, Mg, P, Zn was higher in cultivated
blackberry fruits than in the wild ones, however, Al, Cu and
Mn concentrations were higher in the wild-grown fruits.
The highest element content was detected in the fruits, such
as in the leaves, for K.

In the literature, an especially high heterogeneity had
been revealed about the element content of blackberry
fruits. Similar concentrations to our data were reported for
most of the elements by Plessi ez al. (2007), USDA-ARS
database (2016). Great differences were detected in Ca, Mg
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and Fe content to findings of de Souza ez al. (2014), who
analysed blackberry fruits under climatic and soil conditions
differed from those of Europe.

Total phenolic content

Total phenolic content of analysed blackberry leaves and
fruits are presented in Fig. 3. TPC was high both in leaves
and fruits. As shown in Fig 3 the TPC of leaves has risen
during the vegetation period. The differences among the
harvest time were significant in most cases. In leaves
collected in September a slight decrease was detected, TPC
was a little lower at the beginning of autumn than in the
summer, although this trend was not statistically verified.
Level of TPC in the leaves was mostly similar in samples
from the different growing sites. However, significant
differences were obtained among the leaf samples from wild
and cultivated populations.

TPC values obtained for fruits were significant higher
than that for leaves. The level of TPC in fruits measured in
this study is generally in good agreement with previously
published data (Pantelidis ez al,, 2007; Zia-Ul-Haq ez 4.,
2014; Cata et al., 2016). Siriwoharn ez al. (2004) reported
that polyphenol and anthocyanin contents in blackberry
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fruits were varied at different maturity stages, and found
lower TPC levels in ripe fruits than in unripe or overripe
ones. In present study, matured blackberry fruits were
harvested three times during the ripening period, but no
differences were found in TPC either for the sampling times
or for the three growing sites. However, significant
differences were detected among the wild and the cultivated
fruits. The cultivar “Thornfree’ was characterised in samples
from every growing place by a significant higher total
phenolic content than the fruits picked from wild
blackberries. Milivojevic ez al. (2011) reported on the
contrary significant higher TPC in wild-grown samples,
while TPC values both for wild and cultivated blackberry
were unusually low. Yilmaz ez a/. (2009) found that TPC
varied greatly among cultivars and selected wild genotypes,
characterised by mainly higher values in the wild
blackberries, however, differences between cultivated and
wild-grown genotypes were lower than obtained in present
study. Analysing average values of wild and cultivated
populations paired for a given location and sampling time,
for the TPC significant positive correlations were found
both in leaves (r=0.8114, p<0.01), and fruits (r=0.7624,
p<0.05).

mg GAE 100 g!
2500 -

TPC fruits

2000

I
I =
I i I
1500
1000
500
0 e
W1 w2 W3 Cvl Cv2 Cv

Sth August M25th August M 5th September

3

Fig. 3. Total phenol content (TPC) in leaves and fruits of blackberry (mg GAE 100 g' DW)
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Antioxidant capacity

Fig. 4 presents the total antioxidant capacity (using
FRAP method) of blackberry leaves and fruits. Similarly to
TPC, FRAP values estimated for the leaves increased during
the harvest time. The same trend was found by Wang and
Lin (2000) evaluating antioxidant capacity as oxygen radical
absorbance capacity (ORAC). Based on our data, growing
place influenced the antioxidant capacity of the leaves.
However, marked differences were noticed between wild-
grown and cultivated leaf samples originated from the same
location, antioxidant power of wild plants were
characterised by higher values.

Several different methods are used for determination of
antioxidant capacity. Blackberry fruits were studied by
many authors for antioxidant power, however, their results
cannot be compared directly with each other. Similar ranges
for FRAP found in this study were reported by Siriwoharn
et al. (2004), Pantelidis ez 4/. (2007). Antioxidant capacity
of blackberry fruits was not influenced either by the harvest
time or the growing place. On the other hand, comparison
of wild-grown and cultivated fruits brought significant
differences: FRAP values in the cultivated samples were
higher than those in the wild-grown material. Milivojevic et
al. (2011) observed higher antioxidant capacity in wild
blackberry fruits using the ABTS (2,2-azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid) method, while Yilmaz
et al. (2009) detected no differences by the radical
scavenging activity 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH) method. Correlation analysis for the FRAP values
resulted significant positive relationships between wild and
cultivated samples, both in leaves (r=0.6170, p<0.05), and
fruits (r=0.6626, p<0.05).

In the literature, for blackberry fruits the correlation
between TPC and antioxidant capacity evaluated by
different methods is reported (Pantelidis e al, 2007;
Milivojevic et al., 2011; Cata et al., 2016). Our results
confirmed that FRAP values are related to total phenolics,
which relationship was characterised by a high correlation
coefficient (r=0.9074, p<0.01) in the fruits, and a weaker
positive linear correlation (r=0.4545, p<0.05) was found in
the leaves.

Conclusions

In present study, in blackberry leaves concentration of
some macro elements, total phenolics and antioxidant
capacity assessed by FRAP method increased during the
harvest period from June to August. These parameters
evaluated in the leaves were influenced less by the growing
site, but rather by the genotype variance of wild and
cultivated populations. Element content was mostly higher
in wild-grown leaf samples, while TPC and FRAP showed
higher values in the cultivated “Thornfree’. In blackberry
fruits, no significant differences presented in element
composition, TPC or FRAP among the different sampling
times, what can be explained by the same maturity stage of
harvested fruits. Remarkable differences were obtained
between wild-grown and cultivated blackberry fruits in
point of mineral concentrations of some macro and micro

elements, total phenolics and antioxidant capacity. TPC
and FRAP values were higher in the cultivar “Thornfree’

than those in wild fruits samples. Positive linear correlations
were observed between TPC and FRAP of wild and
cultivated populations both in leaves and fruits. These
results showed that cultivated blackberry fruits had higher
mineral level and antioxidant power, representing a higher
quality for health-promotion than wild blackberries.
However, blackberry leaves did not differ in point of
antioxidant properties. It can be said, that the expedience of
leaves of wild populations as medicinal herb is similar to
those of cultivated plants.
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