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Abstract This work focuses on the determination of chemical elements in sweet oranges of
variety Valencia produced under organic and conventional systems using instrumental
neutron activation analysis and inductively coupled plasma mass spectrometry. The
distribution of chemical elements was variable among the fruit parts with usually higher
concentrations of Br, Ca, Ce, K, La, Na, Rb, and Sc in the peel. However, K, Na, and Rb
also presented high values in the juice samples, while Fe and Zn were higher in the seeds.
Differences between organic and conventional oranges were found for Br and Cu.
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Introduction

Chemical elements from industrial and agricultural activities are widely released to the
environment and incorporated in the food chain. Depending on the chemical element and its
concentration, both beneficial and harmful effects can occur in plants, animals, and humans.
Several elements are well known as nutritionally essential, others are considered toxic, and
there are still many with as yet undefined roles.

Depending on the species and the growing conditions, the concentrations of chemical
elements in plants can be widely variable. Moreover, the concentrations also depend on the
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part of the plant that is analyzed. The contents of elements in edible parts of plants are
determined to estimate the removal of nutrients from the soil, to assess fertilizer
requirements, as well as to evaluate the dietary intakes of the elements following their
consumption by humans and animals.

In citrus leaves, Ca is the inorganic nutrient with the highest concentration [1], while in
the citrus fruits, values decrease for the sequence N, K, Ca, P, S, and Mg [2]. Besides these
elements, there are several minor and trace elements that may be important due to their
nutritional role or toxicity. For instance, rare earth elements (REE), which do not have a
well-established function, show relatively high concentrations in the leaves of citrus [3].
Presently, little is known about the levels of trace elements in citrus fruits.

Brazil is the world’s biggest producer of oranges and the main exporter of conventional
and organic orange juice. In addition to the juice, many valuable commercial products are
obtained during industrial processing of oranges such as essential oils, d'limonene, terpenes,
aromatic liquids, and citrus pulp pellets. These products are important for the domestic and
international trade, being used as solvents, flavors, and fragrances and substances for the
paint, cosmetic, and food industries. Besides that, the orange pulp, with peel and seeds, can
be used to prepare citrus pulp pellets, which are used as filler in bovine cattle feed at a
proportion of up to 30% of dry matter [4].

There is little information about the content of chemical elements in the different parts of
orange fruits, which is important for establishing safe limits for human and animals. This work
focuses on the determination of chemical elements by instrumental neutron activation analysis
(INAA) and inductively coupled plasma mass spectrometry (ICP-MS) in seeds, peel, pulp, and
juice of Brazilian sweet oranges produced under organic and conventional conditions.

Experimental

Ripened oranges of variety Valencia (Citrus sinensis [L.] Osbeck) were sampled from two
organic and two conventional farms in the vicinity of Borborema City, Sdo Paulo State,
Brazil. In each farm, 12 trees were selected as experimental units. Oranges were taken both
from the internal and external parts of the crown, following the cardinal directions, as to
compose a sample for each tree. Fruits were washed with a sequence of deionized water,
Alconox, and deionized water again for removing superficial contamination. After washing,
the fruits were peeled and squeezed in an electrical household device for extracting the
juice, which was stored in ultra freezer (—80°C) and freeze-dried for 96 h. The peel, seed,
and pulp samples were oven-dried (60°C) and ground in an alumina mill to particle size less
than 250 pm.

For INAA, 200 mg test portions of all samples were directly weighed into special high-
purity polyethylene vials. Certified reference materials of plant matrices were used for
quality control, while empty vials were added to the analytical series for blank correction.
Activation was carried out for 8 h at a thermal neutron flux of 8.5x10'? cm 2 s™' in the
nuclear research reactor IEA-R1 of the Instituto de Pesquisas Energéticas e Nucleares,
Comissao Nacional de Energia Nuclear (IPEN/CNEN), Sido Paulo. The induced
radioactivity was measured in the Centro de Energia Nuclear na Agricultura at decay
periods of about 4, 7, 15, and 40 days using two different germanium detectors with 50%
and 55% relative efficiencies for the 1,332 keV photopeak from ®°Co. Results were
calculated by the ky-method using the in-house software package Quantu [5].

For ICP-MS, freeze-dried juice samples (250 mg) and certified reference materials were
accurately weight in PFA digestion vessels and 4 mL of nitric acid 14 mol/L+2 mL of 30%
(v/v) H,O, were added. The vessels were placed inside a microwave oven (Milestone
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ETHOS 1600), and the decomposition was carried out according to the method proposed
by Nardi et al. [6]. After that, the digestate was left to cool and the volume made up to
25 mL with Milli-Q water. Finally, rthodium was added as internal standard to a final
concentration of 10 pg/L. Concentrations were measured with an ICP-MS system, model
Elan DRC II, PerkinElmer.

Results and Discussion

As shown in Tables 1 and 2, there was a variable distribution of chemical elements in the
diverse parts of orange fruits. Br, Ca, Ce, La, and Sc showed higher concentrations in peel
(»<0.05 by Tukey test), while Fe and Zn presented significantly higher values in seeds. Na,
K, and Rb showed the highest concentrations in peel and juice, without significant
differences between these parts.

The higher values of Ce, La, and Sc in the peel samples could be attributed to superficial
contamination with soil particles. However, the concentrations of Sc, lower than
0.003 mg kg ', were well in the range considered normal for plants [7]. Considering that
Sc is a useful soil tracer, the efficiency of the washing procedure was confirmed. Although
the peel and pulp samples presented high values of Ce and La, the concentrations were
within the range of REEs considered normal for food (0.05-2.0 mg kg_l) [8]. The
acceptable daily intake of rare earth nitrates for humans was reported to be 0.2-2 mg kg™’
(referring to rare earth oxides, 0.1-1 mg kg ') [9].

Three REEs, i.e., La, Ce, and Nd were determined in orange juice, summing 11 and
7.7 ng/L, respectively, for organic and conventional production systems. For REEs in
drinking water, safety levels of 2 pg/L were recommended [10]. In spite of the higher
values found in the orange juice, the risk associated with its consumption is low due to the
small intake compared to water.

Considering all parts of the fruits, Br was the only element presenting significantly different
concentrations (p<0.05) for organic and conventional production systems. Such values

Table 1 Average concentration (in milligrams per kilogram) and standard deviation (n=12) of chemical
elements determined in seed, pulp, and peel of sweet oranges from organic and conventional systems

Br Ca Ce Fe K La Na Rb Sc Zn

Seed  Organic 091 3,770 <0.049 35.1 7,700 0.050 6.56 11.7 <0.00045 14.2
0.02 13 13.2 700 0.005 4.00 1.8 0.86

Conventional 0.43 3,780 <0.049 322 7,440 0.04 562 11.0 <0.00067 14.7

0.17 480 33 17 0.01 081 1.6 1.0

Pulp  Organic 1.84 4,670 0.40 88 9,110 084 587 128 <0.0004 11.2
0.55 890 0.15 0.5 1,540 0.13 281 29 1.9

Conventional 0.93 4,520 0.36 9.0 8490 075 5.65 109 <0.0004 10.2

0.48 300 0.17 0.9 1,700  0.02 230 0.76 0.06

Peel  Organic 32 5290 0.54 20.7 12,400 1.17 14.7 17.6 0.0030 5.94
1.0 160 0.24 44 1,000  0.22 1.5 1.4  0.0008 0.80

Conventional 1.87 52250 0.44 19.6 13,000 097 9.14 163 0.0022 8.11
0.40 680 0.15 09 3,150 003 250 1.3  0.0007 0.43

Br bromine, Ca calcium, Fe iron, K potassium, La lanthanum, Na sodium, Rb rubidium, Sc scandium, Zn zinc
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Table 2 Average concentration (in milligrams per kilogram) and standard deviation (n=12) of chemical
elements determined in sweet orange juice from organic and conventional systems

Br Ca Ce Cu Fe K La Mn Mg Na Nd Rb Sc Zn
Organic 1.56 765 0.019 2.18 7.3 13,930 0.06 2.13 924 8.6 0.012 159 <0.0004 4.66
0.89 283 0.009 0.40 0.5 1,680 0.004 031 164 1.1 0.005 0.62 0.33
Conventional 1.50 654 0.014 3.48 7.7 13,360 0.04 2.49 922 9.3 0.009 14.8 <0.0004 4.83
0.70 137 0.007 0.75 0.2 1,490 0.002 0.59 154 1.9 0.004 1.76 0.54

Br bromine, Ca calcium, Ce cerium, Cu copper, Fe iron, K potassium, La lanthanum, Mg magnesium, Nd
neodymium, Na sodium, Rb rubidium, Sc scandium, Zn zinc

Table 3 Pearson correlation coefficients calculated for the chemical elements in each part of the orange fruits

Seed Pulp Peel Juice
Br-Ca 0.13 0.28 0.09 0.53
Br-Fe 0.05 0.06 —0.33 0.29
Br-K 0.48 —-0.08 -0.12 -0.38
Br-La 0.44 0.52 0.34 0.19
Br—Na 0.00 —-0.38 -0.30 0.09
Br-Rb 0.21 —-0.06 0.01 0.22
Br-Zn 0.30 —-0.05 —0.53 0.19
Ca—Fe 0.17 0.34 -0.12 —0.09
Ca-K -0.13 —-0.46 -0.56 —-0.58
Ca-La 0.34 0.60 0.36 0.30
Ca—Na 0.16 —-0.40 —-0.10 -0.14
Ca—Rb —0.33 -0.49 —0.43 0.09
Ca—Zn 0.32 0.56 0.00 —0.31
Fe-K —0.37 —0.01 0.27 -0.29
Fe-La 0.18 0.44 -0.19 -0.17
Fe-Na 0.38 0.17 0.21 -0.17
Fe-Rb -0.29 —0.24 —-0.05 -0.21
Fe-Zn 0.17 0.19 0.47 —0.01
K-La 0.17 0.10 -0.21 -0.04
K-Na -0.12 0.46 0.31 0.23
K-Rb 0.60 0.77 0.43 0.40
K—Zn 0.30 0.00 0.28 0.35
La—Na 0.15 —-0.15 -0.17 —-0.15
La-Rb 0.20 0.01 —0.18 0.06
La—Zn 0.36 0.24 -0.19 —-0.06
Na—-Rb -0.30 0.26 0.06 0.44
Na—Zn 0.12 -0.26 0.40 0.38
Rb-Zn 0.06 0.00 —-0.10 0.29

Br bromine, Ca calcium, Ce cerium, Cu copper, Fe iron, K potassium, La lanthanum, Mg magnesium, Nd
neodymium, Na sodium, Rb rubidium, Sc scandium, Zn zinc
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partially corroborated the results obtained by Turra et al. [3] where Br, Co, Cs, La, and Rb
showed differences between both production systems for the samples of citrus leaves and
juices. Br is not an essential element for plants and animals; however, excessive intake by
humans can be harmful to health. The contents of Br in plants vary from 2 to 26 mg kg ',
being bigger in the leaves [11]. Concentrations of Br for citrus leaves of variety Valencia
growing under organic and conventional systems (13+£3 and 6.8+1.2 mg kgfl, respectively)
[3] are in this range, but in this work, the Br concentrations for orange fruits are lower than
2 mg kg '. The natural Br concentrations of plants seem not to exceed about 50 mg kg ™' [11].

Despite of the higher values noticed for Br in the peel, pulp, and seed of organic oranges,
the juice produced under both conventional and organic systems presented similar results.
In fact, for the juice samples, only Cu showed significant difference between production
systems. Cu is applied as fertilizer and pesticide in both systems; however, it has restricted
use in organic agriculture.

Pearson correlation coefficients calculated for the four parts of orange fruits are shown in
Table 3. Rb and K had positive correlation in all part of fruits, being the highest coefficients
found in pulp and seed (>0.6). Rb has chemical properties similar to K and can substitute K
in soil absorption sites and in plants [12]. K and Ca showed negative correlation in all parts
of fruits, being the highest coefficients observed in peel and juice (>0.5). La has a behavior
similar to Ca regarding uptake and translocation in plants [13]. La and Ca presented
positive correlation in all parts of fruits, being the highest coefficient found in pulp (0.6).

Conclusions

The distribution of chemical elements was variable in the different parts of orange fruits, i.e.,
peel, pulp, seeds, and juice. Br, Ca, Ce, La, and Sc are concentrated in the peel, Fe and Zn in the
seeds, while K, Na, and Rb presented higher values in peel and juice. Considering conventional
and organic production systems, differences were observed for Br in the peel, pulp, and seed
samples, as well as for Cu in the juice.
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