Acta Agriculturae Serbica, 26 (51), 83-88, 2021

UDC 634.711:581.189
doi: 10.5937/AASer2151083M

Publisher: Faculty of Agronomy Cacak

& A ﬁOFAGR%

"V cta =2
& > Agriculturae 3 @)
0’ Serbica % z
) * CACAK -

www.afc.kg.ac.rs

Chemical composition of organically and conventionally grown fruits
of raspberry (Rubus idaeus L.) cv. Willamette

Mira Milinkovi¢!*, Dragana Vrani¢?, Milena Puri¢?, Svetlana M. Paunovi¢!
1Fruit Research Institute Cacak, Kralja Petra I 9, 32000 Cacak, Serbia

2 Faculty of Agronomy, University of Kragujevac, Cara Du$ana 34, 32000 Cacak, Serbia
*Corresponding author: miramilinkovic@yahoo.com

Received 13 November 2020; Accepted 29 June 2021

ABSTRACT

The paper presents two-year results of chemical tests of raspberry fruits in organic and conventional cultivation systems.
Raspberry plantations were established on the slopes of Jelica Mountain, on soil having very acidic reaction (pH/KCl 3.67-3.76)
and optimal contents of humus and total N. In the conventional cultivation system, the soil had a high supply of readily available
P20s5 and K:0 and microelements, with excessive levels of Ni, and Cr. In the organic system, the content of Ni and Zn increased.
The biochemical properties of organic and conventional fruits showed no significant differences, while the influence of the
research year and the interaction of the cultivation system showed significant differences in the content of TA and IS. However,
higher values of the levels of soluble solids, total acids and sugars contributed to the more appealing taste and aroma of organic
raspberry fruits. The contents of microelements and heavy metals in the fruits of both cultivation systems were measured in the
following order Mn>Fe>Zn>Cu>Ni>Cr>Co. No significant difference was found in the contents of the examined elements between
organic and conventional fruits, except for the statistically higher content of Fe in organic raspberries. The high share of
individual elements (especially Ni) in both cultivation systems indicates the need for continuous chemical testing of soil and
fruits. Based on the results, it is important to consider the daily intake of each element in relation to body weight and/or
maximum daily intake.

Keywords: organic production, raspberry, chemical composition of fruits, microelements.

H3BO/J

Y pajy cy npuKasaHU ABOTOJMIIEKH pe3y/ITaTH XeMHjCKMX MCIMTHBAMKA IJIOJ0Ba MaJIMHE Y OPraHCKOM M KOHBEHIJMOHAJIHOM
CUCTeMy rajema. 3acaZji MaJHHe 3aCHOBAHHU Cy Ha OGPOHIMMa IUIaHMHE Jesule, Ha 3eMJ/bUINTY jako kucese peakuuje (pH/KCl
3,67-3,76) ¥ oNTHMaJHOT cajApKaja Xymyca W yKynHor N. Y KOHBEHIMOHA/JHOM CHUCTEMY Tajera, 3eMJ/bHUIITE je BHCOKO
o6e3beheHo sakonpuctynayauM P20s, K20 1 MuKpoesieMeHTHMa, ca mpekoMepHUM caap:xajeM Ni u Cr, a y opraHcKoM CHCTeMy
rajema, nosehan je cagpxaj Ni u Zn. buoxeMmujcke oco6HHe IJIOZOBA OPraHCKOr M KOHBEHLMOHAJIHOI CHUCTEMa rajerma He
[oKa3yjy 3HayajHe pasJ/iMKe, JOK yTULaj FOIMHe UCTPa)KMBakba U MHTEPaAKIHUjCKU OJAHOCHU CUCTeMa rajerba I0Kasyjy 3HadajHe
pasnuke y cagpkajy TA u IS. Unak, Bullle BpeAHOCTH caZpaja pacTBOP/bUBE CyBe MaTepHje, yKYNHUX KUceJMHa U lehepa yTu4yy
Ha NpUjeMYMBUjU YKYC U apOMy OPraHCKUX IJIofioBa ManuHe. CaApxaj MUKpoe/JleMeHaTa U TellKUX MeTajla y IJIoZoBUMa 06a
cucTeMa rajerba u3MepeH je mpema ciefnehem pepocieny Mn>Fe>Zn>Cu>Ni>Cr>Co. YTBpheHo je Ja He mocToju 3HauyajHa
pas/MKa y cajpajy HUCIOUTHUBAHUX eJleMeHaTa y IJIOJ0OBMMa OPraHCKOT M KOHBEHLMOHAJHOT CHUCTeMa rajeba, OCHUM
CTaTUCTHYKHU BUILET cajpkaja Fe y opraHckuM IJIOZlOBUMa MaJiMHe. BUCOK yzeo mojeguHux eseMeHaTa (noce6Ho Ni) y o6a
cHCTeMa rajema ykasyje Ha NoTpe6y KOHTHHYHPaHOT XeMHjCKOT UCIIMTHBaba 3€M/bUILITA U IJIOJI0BA, @ HAa OCHOBY pe3yJTaTa je
HEOIXO/HO carjejaTH JHEBHU yHOC N0je JMHAYHOT eJleMeHTa y OAHOCY Ha TeJIeCHY TeXHHY M/UJIM MaKCHMaJIaH JJHEBHU YHOC.

Kbequ peuyu: OpraHcka Nponu3BOJmbha, MaJIMHa, XeMI/IjCKH cacTaB IJ1Io4a, MUKPO€JIEMEHTH.

1. Introduction

Using health-safe food produced without the
application of pesticides, synthetic fertilizers and
growth biostimulants has been a global tendency.
Organic farming is a system that improves and
promotes the health of ecosystems, including
agroecosystems, specifically focusing on the
preservation of biodiversity, biological cycles and soil
biological activity, by biological, mechanical and
agricultural methods, excluding the use of synthetic
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materials (FAO, 1999; Golijan and Velickovi¢, 2015;
Popovi¢ etal,, 2016).

Organic production requires knowledge and
monitoring of all agroecological factors and
anthropogenic impacts in the field of growing. Fruits
may contain significant amounts of toxic elements or
heavy metals as a result of atmospheric deposition,
urban and industrial activities and agronomic practices.
Agronomic practices are the main source of heavy
metals in agricultural soils (Silva et al.,, 2005; Willett,
2002; He et al,, 2005). The quality of organic products
is the foundation for high food demand, and thus
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stimulates the intensive development of organic
production (Jovanovi¢ et al, 2017). There is
considerable worldwide increase in agricultural area
under organic cultivation from 50.9 million ha in 2015
to 11 million ha in 1999 (Willer and Lernoud, 2017).
Consumer demand for red raspberries (Rubus idaeus
L.) is due to their pleasant taste and nutritional quality
as well as potent health promoting benefits (Krishkova
and Tsolova, 2020), which indicates the need to
monitor these parameters in the soil under raspberry
plantations and their impact on fruit quality. The total
world production of raspberries in 2016 was 795
249 tonnes. The primacy of Europe in the entire
world production can primarily be seen in the fact that
six countries from this continent are among the top ten
world producers of raspberries, including Serbia
(Greéak et al.,, 2019). Organic raspberry production in
Serbia has been increasing, and the first plantations
based on organic production methods were registered
in 1999 (Misi¢ et al,, 2004).

Based on the above, the aim of the research was to
determine the chemical characteristics of raspberry
soil and fruits under organic and conventional growing
systems.

2. Materials and methods

2.1. Plant material and cultural practices

Tests were performed in raspberry cv. Willamette
plantations under organic and conventional production
systems in 2018-2019. Raspberry plantations under
both types of production were established in 2015, on
the slopes of Mountain Jelica in the village of Grab
(Municipality of Lucani).

Under organic growing system, cultural practices
included the application of aged manure in the amount
of 30 t ha'l in 2017 and the organic fertilizer Italpolina
(NPK 4:4:4) at 1,000 kg ha'! before the beginning of the
growing season in 2018 and half of the stated rate in
2019. Copper and sulfur-based agents were used for
plant protection.

In the conventionally grown raspberryplantation,
the fertilizers NPK 6:12:24 in the amount of 500 kg ha-1
and KAN (27% N) in the amount of 300 kg ha! were

Table 1.
Soil texture (%)

applied in both years of research. Disease and plant
management was carried out according to the standard
protection program.

Fruits were selected visually and were at the same
stage of development during sampling. They were
taken from similar portions of the bush. During
intensive harvesting, when most of the fruits were at
full maturity (first half of July), fruits were harvested
for chemical analysis and the soil was sampled in order
to determine the contents of microelements and heavy
metals. All analyses were performed in the Laboratory
for Chemical Testing of the Fruit Research Institute,
Catak.

2.2. Agromechanical and
characteristics of soil

agrochemical

The mechanical composition of the soil was
determined by the sieving and sedimentation method -
(JSSS, 1997). The proportion of physical sand fractions
was  39.90-46.70%. The soil under raspberry
plantation was clay loam with a low proportion of clay
fractions and a high proportion of physical clay
(55.30-60.10%). The texture of the raspberry orchard
soil under organic and conventional systems is shown
in Table 1.

The agrochemical analyses of the soil included the
following testing: pH in 1N KCl and pH in H20
(potentiometrically); CaCOs3 content (Scheibler
calcimeter), humus content (Kotzman), nitrogen
(Kjeldahl), readily available phosphorus and potassium
(AL method, P20s - colorimetry and K:0 - flame
photometry).

In both raspberry production systems, the average
values of active soil acidity (pH/H20) were in the acid
range (4.57-4.75), and exchangeable acidity had
strongly acid values (3.67-3.76 pH/KCl). The contents
of humus and total nitrogen were higher in organic
raspberry plantations (4.85% and 0.24%, respectively),
and the levels of readily available phosphorus (28.24
mg 100g1 air-dry soil) and potassium (38.90 mg 100g-!
ads) were higher than in conventional production. The
values of basic soil fertility parameters are shown in
Table 2.

Proportion of particle size fractions (%)

Growing system cs ES S C PS PC
&Y Depth (cm) 2-0.2 0.2-0.02 0.2-0.02 <0.002 >0.02 <0.02
mm
Organic 0-30 cm 19.05 27.65 34.20 19.10 46.70 55.30
Conventional 0-30cm 11.03 28.87 43.60 16.50 39.90 60.10
CS - Coarse sand; FS - Fine sand; S - Silt; C - Clay; PS- Physical sand; PC - Physical clay
Table 2.
Values of basic soil fertility parameters
Growing svstem Year pH CaCOs Humus Total N P20s K20
85y H,0 KCl (%) mg/100g ads
0 . 2018 4.88 3.67 0.20 5.07 0.25 20.39 36.30
reanic 2019 4.61 3.84 0.28 4.63 0.23 15.98 35.60
average 4.75 3.76 0.28 4.85 0.24 18.19 35.95
Conventional 2018 4.48 3.49 0.28 4.72 0.24 32.52 42.20
2019 4.66 3.85 0.42 4.04 0.20 23.95 35.60
average 4.57 3.67 0.35 4.38 0.22 28.24 38.90
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2.3. Contents of microelements and heavy
metals (Zn, Cu, Fe, Mn, Co, Ni, Cr) in soil

The total concentrations of microelements and
heavy metals in soil samples were determined by the
extraction method (HCI/HNOs3, 3/1) (McGrath and
Cunliffe 1985) and measured using a PinAAcle 500
Perkin-Elmer atomic absorption spectrophotometer
(USA 2018).

2.4. Chemical analyses of raspberry fruit

Raspberry fruit samples were collected at the stage
of full maturity in three replicates, from each variant of
the experiment, and then used to test the chemical
composition.

2.4.1. Biochemical analyses of fruits

The soluble solids content (SSC) of the fruit was
determined by a manual refractometer (Hanna
Instruments, Germany). The dry matter content was
determined by drying at 105°C until constant mass was
reached. Titratable acidity (TA) was determined by
neutralizing fruit extract with 0.1 N NaOH to pH 8.2,
using phenolphthalein as indicator. Acidity was
expressed as mg citric acid 100 g! fresh weight.
Sucrose, inverted sugars, and total sugars were
determined by the Luff-Schoorl method (Tanner and
Brunner, 1979).

2.4.2. Contents of microelements and heavy metals
(Zn, Cu, Fe, Mn, Co, Ni, Cr) in raspberry fruits

al, 2017). Readings were performed on an AAS, Perkin-
Elmer, PinAAcle 500 (USA 2018), and values were
expressed in mg kg1 of dry weight of the sample.

2.5. Statistical analysis

Each variant of the experiment was analyzed in
three replicates, and the results were presented as
mean and standard error. Data were analyzed by one-
way analysis of variance (ANOVA) to examine
differences among the cultivars, using Statistica 7
(StatSoft, Inc., Tulsa, OK, USA). The pairwise
comparisons between different parameters were
performed using Duncan’s Multiple Range Test, P <
0.05.

3. Results and discussions

Plants accumulate metals from the soil during
growth, and as metals are not biodegradable, they can
enter the food chain, which may lead to increased
human intake, causing serious illness (Jabeen et al,
2010). Zinc, copper, iron, chromium and cobalt are
essential elements which become toxic only at high
concentrations (Radivojevic et al, 1999). It is thus
important to monitor metals in soil, fruit and fruit
products.

Based on the results in Table 3, statistically
significantly higher contents of Cu, Fe, Mn, Co and Cr
were obtained under the conventional growing system
than under the organic system. Zn content was higher
in the organic system (123.1 mg kg'1) compared to the
conventional (64.9 mg kg1). Differences between
sampling years were found for Co and Cr contents. The
interaction of the cultivation systems were significant

The contents of microelements and heavy metals for all examined elements, except for Mn.
were anlayzed using the modified method (Moraisa et
Table 3.
Contents of total microelements and heavy metals in soil (mg kg1 air dry soil)
Factor Zn Cu Fe Mn Co Ni Cr
. . 123.1+5.8 32617 26477.2 +1525.9 1577.5+75.3 259+1.1 99.5 £ 8.06 65.1+2.9
Growing Organic
system a b b a b a b
Y . 64.9 £ 2.6 399+21 34639.5 £ 1590.3 1860.8 + 135.0 30.7+3.8 102.7 £ 6.4 84.8+9.2
A) Conventional
b a a a a a a
2018 96.3+£16.5 374+29 30658.7 + 2503.9 1703.3 £109.7 326+2.8 99.6 +7.61 86.5 £ 8.3
Year a a a a a a a
(B) 2019 91.7 +10.3 351+1.8 30458.7 £ 2290.4 1735.0 + 140.7 241+1.6 102.7 £ 6.9 63.3+3.0
a a a a b a b
. 132.0+8.9 31.7+28 25704.7 + 2369.7 1465.0 £29.9 26.6+0.7 82919 68.5+29
Organic 2018
a b c a b b b
Organic 2019 114.2bt 8.9 33.4bt 2.3 27249.7'; 2330.4 1690.0 +121.6 a 25.2bi 2.3 116.2; 6.6 61.7bi 4.8
AxB Conventional 60.7 + 2.6 43023 35612.7 +1091.7 1941.7 £49.8 386+1.8 116.3+2.6 104.5+3.1
2018 9 a a a a a a
Conventional 69.2+3.1 36.9 2.7 33666.3 +3241.3 1780.0 + 286.6 229+25 89.2+4.2 65.0 + 4.5
2019 c ab ab a b b b
ANOVA
A *%k * * ns * ns *
B ns ns ns ns * ns ok
AXB * * * ns * * *

Values with different letters denote statistically significant differences (Duncan’s Multiple Range Test, P < 0.05)

Legal regulations have not specifically regulated
the limit values of heavy metals in the soils used for
organic production. Based on the Regulations on
Permitted Quantities of Hazardous and Deleterious
Substances in Soil and Irrigation Water and Their
Testing Methods No. 23/1994, the content of Ni in both
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growing systems had increased values 82.9-116.2 mg
kg1 (maximum allowable concentration - mac 50 mg
kg1), whereas the content of Cr (104.50 mg kg1)
increased in conventional growing system (mac 100 mg
kg1). Based on the Regulation on Limit Values of
Polluting, Deleterious and Dangerous Substances in the
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Soil, No. 30/2018 and 64/2019, the content of Cu (mac
36 mg kg-1), Ni (mac 35 mg kg-1) and Co (mac 9 mg kg1)
was increased in both growing systems whereas the
content of Cr (100 mg kg!) increased in the
conventional system. Kabata-Pendias and Pendias
(2001) set permitted limit values for Co (50 mg kg1),
Cr (100 mg kg1), Cu (100 mg kg1), Ni (100 mg kg1)
and Zn (300 mg kg1).

The availability of heavy metals, as well as their
uptake by plants, depends on numerous factors,
primarily their total and accessible content in the soil,
soil reaction, the content of organic matter, oxidation-

Pendias, 2011), and the uptake of heavy metals
depends on plant species as well (Overesch et al,
2007). Increased Cu content in soil and fruits may
result from the use of copper-based products for
disease protection.

The quality of the fruit depends on its
physicochemical properties and chemical ingredients.
Organic acids, especially malic acid and citric acid,
contribute to berry fruit acidity. The ratio of sugars to
organic acids determines the balance between soluble
solids and titratable acidity, which in turn influences
fruit flavor and taste (Papaioanou et al., 2018).

reduction conditions, etc. (Adriano, 2001; Kabata-
Table 4.
Biochemical composition of raspberry fruit
Ssoéiliglse Titratable Total sugars Invert sugars
o "
Factor content SSC pH values acu}z/t}; TA TS (%) 1S (%) Sucrose (%)
(%) K
Growing Organic 995+0.52a 3.05+0.51a 1.99+0.13a 540+0.32a 3.96+0.31a 1.37+0.12a
system
Y(A) Conventional 898+0.48a 3.15%0.21a 1.78+0.19a 4.68+0.27 a 3.48+0.43a 1.14+£0.23a
Year (B) 2018 9.23+0.62a 3.25+0.52a 1.63+0.13b 540+0.29a 4.32+0.23a 1.03+0.13a
2019 9.70+043a 296+0.16a 2.14+0.13a 4.68+0.31a 3.12+0.33b 1.48+0.18a
O;%i‘gc 1010+ 096a 3.14+1.09a 182+0.14ab 576+040a  4.44+024a 1.25+0.14a
O;%T};C 980+0.62a 296+032a 215+0.19a 504:048a 3.48:042ab 148:0.19a
AxB Conventional
2018 8.35+0.50a 3,3520.39a 1.43+0.17b 5.04 +0.35a 420+043a 0.80+0.13a
C°“‘£%‘1t;°“al 9.60+0.73a 295+0.18a 212:02la 4.32+034a  276:049b  148:035a
ANOVA
A ns ns ns ns ns ns
B ns ns * ns * ns
AxB ns ns * ns * ns

Values with different letters denote statistically significant differences (Duncan’s Multiple Range Test, P < 0.05)

The results on the chemical properties of the fruit
shown in Table 4 show that there is no difference in the
biochemical parameters examined between the organic
and conventional cultivation systems. The influence of
the research year and the interaction (AxB) of the
cultivation systems showed significant differences in
the content of TA and IS.

There are no literature data on the biochemical
composition of organically cultivated raspberry fruits,
while significant research has been conducted in
conventional systems. Kulina et al. (2012) determined
that, in cv. Willamette, SSC was 10.00%, TS 3.42%, IS
2.55%, sucrose 0.83%, TA 1.35, pH 3.00, and these
values were lower than our research values. Raspberry
pH ranged from 2.17 to 2.99 (Papanov et al, 2020).
Giilgin et al. (2011) found higher values for pH (3.66),
SSC (11.66%) and TA (1.11%) compared to our
tests. Studies by Mileti¢ et al. (2012) determined higher
values for most parameters, except pH and sucrose, in
cv. Willamette, compared to our research.

Studies investigating the effect of farming system
on the contents of minerals and toxic elements are
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uncommon but are important in predicting possible
benefits or risks to human health from consuming
organic or conventional foods (Magkos et al. 2006).
Microelements involved in the proper functioning of
enzymes can also have a negative impact on human
health, depending on the amount taken into the
body. Table 5 shows the results on the content of
microelements and deleterious substances in
raspberry fruit.

The research results show that the content of Fe in
organic raspberry fruits was statistically significantly
higher than in conventional ones, and the influence of
the year of examination was especially pronounced
(Tab. 5). The influence of the research year on the
content of Mn, Ni and Cr was also determined.

The content of other microelements and heavy
metals in the fruits did not differ in relation to the
cultivation system, regardless of the significant
differences from their values in the soil. As regards
their content in the fruit, Miclean (2000) reported that
Cu in agricultural products should be between 4 and 15
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Table 5.
Content of microelements and deleterious substances in raspberry fruit (mg kg-! of the sample dry matter)
Factor Cu Zn Fe Mn Ni Co Cr
. 4.52+0.2 12.86 £ 0.9 2031+51 2090+29 3.52+0.7 0.61+0.1 0.94+0.3
Growing Organic a a a a a a a
system . 552+08  1353+08  473+09 1936+16 329+06 094+02 0.77+02
(4) Conventional
a a b a a a a
2018 4.57+0.2 1249+0.7 712+14 1622+13 4.78+04 0.95+0.2 1.24 £0.2
Year (B) a a b b a a a
2019 547 +0.8 13.90 £ 0.9 17.32+63 24.04+19 2.03+0.2 0.60 £0.1 0.47 £0.1
a a a a b a b
. 4.43+0.2 12.21+1.0 9.54+24 1531+24 492+08 0.63+0.1 1.44 £0.2
Organic 2018
a a b b a b a
. 4.61+04 13.50 £ 1.7 31.07+28 2649+26 212+04 0.59 +.0.2 0.44 £ 0.1
Organic 2019
AxB a a b a b b c
Conventional 4.71+0.3 12.77 £ 1.3 589+0.6 1712+12 4.63+0.3 1.27+0.2 1.04 £0.3
2018 a a b b a a ab
Conventional 6.33+1.58 14.29+1.11 357+14 2159+24 194+024 060+0.16 0.50+0.07
2019 a a a ab b b bc
ANOVA
A ns ns * ns ns ns ns
B ns ns * * * ns *
AxB ns ns * ns ns ns ns

Values with different letters denote statistically significant differences (Duncan’s Multiple Range Test, P < 0.05)

However, FAO (Codex Alimentarius Commission,
2011) and other studies recommend daily levels of
intake through food, and an intake value of 0.5 mg kg1
of adult body weight for Cu. The upper limit of the
acceptable range of oral intake in adults is uncertain
but is most likely several but not many mg/day in
adults (several meaning more than 2 or 3 mg day1).
The same directive suggests that the average daily
intake of Fe has been estimated to be 17 mg day-! for
males and 9-12 mg day! for females, while the
recommended intake of Zn is 0,3-1 mg kg! of body
weight. Human health assessment data revealed that
Ni intake should be limited to 0.020 mg kg! body
weight per day (US-EPA IRIS; Haber et al. 2017). No
limit for Cr in foods is given in the Codex Alimentarius
Commission, or by Australia, New Zealand, Japan, the
United States and Taiwan. Data for Cr in blueberries are
given by Hua et al. (2014), who found 0.77 mg kg
Zeiner and Juranovi¢-Cindri¢ (2018) reported the range
of 0.01-1.5 mg kg! of dry weight for Cr content in the
fruits of different plant species, which is in agreement
with our results.

The National Health and Nutrition Examination
Survey, which provides dietary intake data for most
nutrients, does not include manganese. Records on the
usual Mn intake dose in healthy population are 1.2-2.2
mg for males and 1.2-16.0 mg for females, for the age
1-18, whereas for the age above 19, 2.3 mg for males
and 1.8 mg for females (Institute of Medicine, Food and
Nutrition Board, 2001). The same source states that
Tolerable Upper Intake Levels (ULs) for Manganese
2.0-9.0 mg up to 18 years and 11.0 mg for older than
19, regardless of sex.

The area of our research has a geological
predisposition for the increased presence of Fe, Mn, Ni,
Cr and Co, which together with the acid reaction of the
soil leads to increased uptake of these elements by
plants. No significant difference was found in the
contents of the tested elements between the raspberry
growing systems, which is in line with the research by
Pires et al. (2015), who found no significant difference
in the content of microelements in the fruits of mango,
persimmon, Barbados cherry and strawberry between
organic and conventional growing systems. A similar
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conclusion was reached by Forman and Silverstein
(2012), who determined that the nutrient composition
of organic products did not differ significantly from
conventional products.Based on the above, it is
necessary to continue comparative studies of the
chemical composition of the fruits of organically and
conventionally grown plants, in order to determine the
amount of daily intake of individual elements, when
consuming raspberry fruits. The selection of raspberry
growing sites, in addition to planned procedures,
should involve a detailed analysis of the agrochemical
properties of the soil, including the contents of
microelements and heavy metals, with the aim of
monitoring metal accumulation in fruits.

4. Conclusions

Organic raspberry fruits have higher contents of
soluble solids, acids and sugars, which affect the taste
and flavor of the fruit. Significantly higher levels of
microelements and heavy metals were determined in
conventional soil than in organic production, but it did
not affect the difference in their content in fruits from
different cultivation systems. The content of Fe was
higher in organic fruits. However, the excessive content
of Ni, Cr and Co, as well as the high content of Fe and
Mn, together with the strong acid reaction of the soil,
contributed to the high uptake of these elements by
raspberry fruits in both cultivation systems. The
consumption of large amounts of tested raspberry
fruits can satisfy a significant percentage of the daily
intake of these elements. Based on the above,
continuous chemical tests are needed in order to
determine the amount of intake of an individual
element in accordance with the recommended doses
per day/body weight and/or age, which are in
accordance with the recommendations of the medical
profession.
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