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Abstract
Fruits contain nutrients, minerals, trace elements, vitamins, and phytochemicals that are important in terms of human health.
When fruits are consumed in a balanced diet, they have a positive effect with regard to reducing disease risk. As a result of heavy
metal contamination of the environment, they can be a potential source of toxic elements so it is important to determine the toxic,
essential, and trace elements in fresh fruit and commercial fruit products such as fruit juice, marmalade. This study aims to
determine the concentrations of Al, B, Ca, Cu, Fe, K, Mg, Mn, Na, Zn, P, and S in tropical fruits (tamarind (Tamarindus indica),
star fruit (Averrhoa carambola), golden berry (Physalis peruviana), kumquat (Citrus japonica), dragon fruit (Hylocereus
undatus), passion fruit (Passiflora edulis)) by using inductively coupled plasma optical emission spectrometry (ICP-OES) after
different microwave acid digestion procedures. The efficiencies of digestion in tropical fruit samples were investigated and
compared. Six milliliters of HNO3 + 2 mL of H2O2, 6 mL of HNO3 + 2 mL of HCl, 8 mL of HNO3, 8 mL of HNO3 + 4 mL of
H2O2 (30%), 8 mL of HNO3 + 4 mL of HCl, and 12 mL of HNO3 were used for microwave acid digestion procedures.
Microwave digestion procedures were applied for the analysis of seventy-two tropical fruit samples purchased in triplicate for
each tropical fruit and major, toxic, and minor element contents of tropical fruits were determined. The parameters of the merit
evaluated were validated according to limits of detection (LOD) and limits of quantification (LOQ), linearity, recovery, and
precision. The highest results of LOD and LOQ were found for Ca, K, Na, Mg, and S. The recovery percentages are in the range
from 71.01 to 117.31% in tropical fruits. The digestion efficiency was correlated with the residual carbon content, which was
determined by total organic carbon analyzer (TOC). Six milliliters of HNO3 + 2 mL of HCl digestion method was chosen as the
effective digestion method because of the lowest residual carbon contents and the accuracy results.
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Introduction

Fruits are beneficial foods for human health because they have
minerals, antioxidants, vitamins, and essential fatty acids. The
use of tropical fruits has rapidly increased in recent years. The
chemical composition of these fruits is important, owing to
their toxicological and nutritional properties. For this reason, it
is necessary to determine organic and inorganic contents in
fruits (Sa et al. 2019).

Golden berry (Physalis peruviana L.) is a yellow-orange
fleshed berry of great commercial interest on account of nu-
tritional value and bioactive compound content. As well as

golden berry is consumed as fresh product, its commercial
products such as juice and marmalades are also consumed
(Ballesteros-Vivas et al. 2019). Multi-element concentrations
were investigated in P. peruviana, P. geminiflora, and
E. insignis species (Moreda-Piñeiro et al. 2018). Golden berry
has medicinal properties, and it is rich in vitamins (vitamin A
and C) and minerals (iron, phosphorus, alkaloids, flavonoids,
and carotenoids) (Marchioretto et al. 2020).

Passion fruit has antioxidant and anti-inflammatory activi-
ties. P. edulis’s fruit juice decreases blood pressure in hyperten-
sion patients. Carotenoids, vitamins, soluble fiber, polysaccha-
rides, and minerals have been found in passion fruit. Minerals
which are in passion fruit help to regulate enzyme metabolism,
muscular, and neurological activity (Novaes et al. 2017).

Tamarindus indica L. (tamarind) belongs to the
Caesalpiniaceae family. Tamarindus indica fruit has
hypolipemic and antioxidant, anti-inflammatory, antimicrobi-
al, cytotoxic activities against gastrointestinal spasms. In
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addition, Thai traditional medicine confirms Tamarindus
indica fruit as digestive, carminative, laxative, expectorant,
and blood tonic (Escalona-Arranz et al. 2010).

Dragon fruit (Hylocereus undatus) grows on the
Hylocereus cactus (Sa et al. 2019). It is also rich in antioxidant
properties, potassium, protein, fiber, sodium, and calcium.
The dragon fruit supports the digestive process, prevents co-
lon cancer and diabetes, neutralizes toxic substances such as
heavy metal, decreases cholesterol levels and high blood pres-
sure, and treats asthma and cough (Ruzainah et al. 2009).

Kumquat (Genus citrus) belongs to the family Rutaceae.
Citrus fruits have important compounds such as antioxidant,
flavonoid, minerals, and vitamins A and C. Citrus fruits are
useful fruits which have some bioactivities such as antiviral,
anti-cancer, and anti-inflammatory. In addition, kumquat pre-
vents cardiovascular diseases. Thus, consumption of kumquat
is important for human health and human nutrition (Young
et al. 2019).

Averrhoa carambola L. is classified in the Oxalidaceae
family. While Averrhoa carambola L. fruit has pharmacolog-
ically active, Averrhoa carambola L.’s leaves have anti-
inflammatory activity. In addition, Averrhoa carambola L.
treats disease such as eczema, inappetence, headache,
coughing, and vomiting, as well as Averrhoa carambola L.
has antioxidant activities (Liang et al. 2020).

There are bibliographic references analyzed by using acid
mixtures for further determination of multielement contents in
coffee and milk powder samples (Castro et al. 2009; Bizzi
et al. 2011a; b). Three acid digestion methods were evaluated
for traditional medicine samples by using HNO3–HClO4,
HNO3, and HNO3–HCl (Uddin et al. 2016). This acid mixture
could also be an alternative for tropical fruit digestion for
further multielement content determination.

Microwave-assisted sample digestion has become an im-
portant routine method for further analysis of inorganic and
organic matrices as the advantages include high sample
throughput, limited to no loss of volatile species and very
low contamination levels [https://lab-training.com/2014/01/
19/benefits-of-microwave-digestion-over-open-acid-
digestions/].

Inductively coupled plasma optical emission spectrometry
(ICP-OES), also known as inductively coupled plasma-atomic
emission spectrometry (ICP-AES), is well suited for such ap-
plications because it is highly sensitive to trace-level concen-
trations and small changes in concentration (Brennan et al.
2009) and can simultaneously detect multiple elements. ICP
OES technique provides good quantitative multielement ca-
pability, wide linear dynamic ranges, high sensitivity, low
detection limits, and speed (Sa et al. 2019). Hence, ICP-OES
can, in principle, provide useful elemental information for
surface species conjugated on AuNPs. The advantages of the
ICP include high temperature, long residence times, presence
of no or few molecular species, few ionization interferences,

and being optically thin. Developments in inductively coupled
plasma optical emission spectrometry (ICP-OES) continue,
including instrumentation. The practice of ICP-OES invari-
ably involves the comparison of the unknown to standards
via a calibration curve (Sneddon and Vincent 2008). ICP-
OES is used for all the matrices of environmental samples
especially for high-matrix samples. Only analytical grade re-
agents can be sufficient. If the elements do not need lower
detection limit that inductively coupled plasma mass spec-
trometry (ICP-MS) delivers. It can be disadvantage for ICP-
OES [https://www.thermofisher.com].

There is no study analyzed by ICP-OES in the literature to
determine the elemental content of the tropical fruits used in
this study so the study is unique in this regard. In this study,
tamarind (Tamarindus indica), golden berry (Physalis
peruviana), kumquat (Citrus japonica), dragon fruit
(Hylocereus undatus), star fruit (Averrhoa carambola), and
passion fruit (Passiflora edulis) were bought from a local
market of Tekirdağ/Turkey. The elemental contents of these
tropical fruits were determined. Moreover, efficiency of dif-
ferent digestion procedures was investigated.

Experimental

Reagent and Solutions

All solutions were prepared from high-purity analytical re-
agents and ultra-pure water with specific resistivity of
18.2 MΩ cm (Milli-Q, Millipore, USA). Concentrated
HNO3 (14 mol L−1, 65% w/w) and H2O2 (9.8 mol L−1, 30%
w/w) and concentrated HCl (12 mol L−1, 37% w/w) (Merck,
Germany) were used for all sample digestion.

The multielement analytical curve was prepared from
monoelement solutions of the analytes Al, B, Cu, Fe, Mn,
and Zn (Merck, Germany) in the concentrations of 0–
1000 μg/L. The following concentrations of standard calibra-
tion solutions were applied in the preparation of the analytical
curves: 0–300 μg/mL (Ca, K); 0–100 μg/mL (Mg, P); 0–
25 μg/mL (Na); and 0–10 μg/mL (S). The solutions were
prepared in 6 mL of HNO3 + 2 mL of H2O2, 6 mL of
HNO3 + 2 mL of HCl, 8 mL of HNO3, 8 mL of HNO3 +
4 mL of H2O2, 8 mL of HNO3 + 4 mL of HCl, and 12 mL
of HNO3 medium.

Instrumentation

An inductively coupled plasma optical emission spectrometer
(Spectro-Spectroblue, Analytical Instruments GmbH, Kleve,
Germany) was used for analyses. The instrumental operating
parameters were as follows: 1.4 kW of Rf power, 1.0 L/min of
nebulizer gas flow, 12 L/min of plasma-Ar flow, and 1.0 L/
min of auxiliary gas flow. Digestion of the samples was
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carried out in a microwave oven (MARS 6, CEM Corp.,
Matthews, NC, USA) equipped with EasyPrep Plus extra-
high-pressure Teflon TFM vessels were used in the acid di-
gestions of the samples. The microwave oven was operated in
a temperature-controlled mode. Residual carbon content was
determined by using a total organic carbon analyzer (TOC-L
CPH/CPN, Shimadzu Corporation, Kyoto, Japan).

Sample Collection

Sample collection is a very important section in the experi-
ment. Samples of tamarind (Tamarindus indica), star fruit
(Averrhoa carambola), golden berry (Physalis peruviana),
kumquat (Citrus japonica), dragon fruit (Hylocereus
undatus), and passion fruit (Passiflora edulis) were purchased
in triplicate from four different local markets in Tekirdağ/
Turkey (December 2019). Total n = 72 different tropical fruit
samples (tamarind n = 12, passion fruit n = 12, star fruit n =
12, dragon fruit n = 12, kumquat n = 12, golden berry n = 12)
were analyzed to determine element contents.

Sample Preparation Procedure

All parts of the samples were taken so that samples were
homogeneous. Samples were ground in the grinder
(RETSCH Knife Mill Grindomix GM200, Fisher Scientific,
USA) and were dried on hot plate at 60 °C until constant mass,
for approximately 48 h. The dried samples were weighed. Dry
weight was taken into account.

Microwave Digestion

Similar microwave digestion methods have been reported in
the literature (Mketo et al. 2015; Mohammed et al. 2017;
Chaves et al. 2010). Five hundred milligrams of real samples
in reaction vessels is directly added to each flasks. Eight mil-
liliters of a freshly prepared mixture of concentrated HNO3–
H2O2 (6:2, v/v), HNO3–HCl (6:2, v/v), and HNO3 (8 mL) and
12 mL of a freshly prepared mixture of concentrated HNO3–
H2O2 (8:4, v/v); HNO3–HCl (8:4, v/v); and HNO3 (12 mL). In
the heating program’s first step, the temperature was linearly
raised to 120 °C in 5 min with a maximum power of 1000 W.
The temperature was kept at 120 °C for 2 min in the second
step. The third step comprises rising the temperature linearly
to 210 °C in 10 min, and the temperature was kept at 210 °C
for 15 min in the fourth step. After the end of the heating
program, vessels were cooled down to room temperature.
The oven was kept in 1600 W in all steps. When the heating
program finished, the vessels were cooled down for 15 min.
Digested samples were completed to 25.0 mL with ultrapure
water. Blanks were prepared in the same way.

Recovery

Five hundred milligram tropical fruit samples were weighed.
Five hundred and 625 μL of 10 μg/mL standard solutions
were added and then digested with 6 mL of HNO3 + 2 mL
of H2O2, 6 mL of HNO3 + 2 mL of HCl, 8 mL of HNO3, 8 mL
of HNO3 + 4 mL of H2O2, 8 mL of HNO3 + 4 mL of HCl, and
12 mL of HNO3. Values of recovery % were calculated for
each element. Three replicates were analyzed. The LOD and
LOQ of values were determined by using calibration stan-
dards. LOD and LOQ were calculated to be 3 s/S and 10 s/
S, respectively, where S is the slope of the calibration curve
and s is the standard deviation of the intercept of the regression
equation.

Residual Carbon Content

The carbon mass is calculated by comparison to a National
Institute of Standards and Technology external calibration
standard, potassium hydrogen phthalate, C8H5KO4.
Standards were prepared from reagent grade potassium hydro-
gen phthalate in ultra-pure water. Standards were calibrated
according to the manufacturer’s instructions. Calibration
curve of potassium hydrogen phthalate (C8H5KO4) was linear
over the concentration range of 0–100 μg/mL. Samples were
digested by six different microwave digestion methods and
then samples were filtered and were diluted 100 times.

Statistical Analysis

The statistical important differences between major and minor
element concentrations of tropical fruits by using different
digestion procedures were calculated by ANOVA (one way).
The different results were obtained in the statistical evaluation
and the data are given as the mean ± standard deviation.
Pearson’s correlation coefficients (r) were used for relation-
ships between concentrations of major and minor elements in
tropical fruits. Analysis of variance (ANOVA) followed by
the Mann-WhitneyU test was used for calculating statistically
significant differences. Relationships between the concentra-
tions of the same elements in different microwave digestion
methods were assessed by using Mann-Whitney U test.

Results and Discussion

Tamarind (Tamarindus indica), star fruit (Averrhoa
carambola), golden berry (Physalis peruviana), kumquat
(Citrus japonica), dragon fruit (Hylocereus undatus), and pas-
sion fruit (Passiflora edulis) were analyzed by using different
microwave digestion procedures for determine multielement
contents. These procedures were as follows: 6 mL of HNO3 +
2 mL of H2O2; 6 mL of HNO3 + 2 mL of HCl, 8 mL of HNO3,
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8 mL of HNO3 + 4 mL of H2O2, 8 mL of HNO3 + 4 mL HCl,
and 12 mL of HNO3. The efficiencies of digestion in tropical
fruit samples were compared. Figure 1 shows the photo of
tamarind samples after analysis with six different microwave
digestion methods. The study compares the results for the 12
elements (Al, B, Ca, Cu, Fe, K,Mg,Mn, Na, Zn, P, and S) that
presented measurable concentrations by ICP-OES and the 13
other elements (As, Bi, Cd, Co, Cr, Mo, Ni, Pb, Pt, Sb, Sn, Ti,
and W) that showed concentrations below LOD, that is, they
were investigated, but not determined in the samples.

The method was evaluated regarding linearity, LOD, LOQ,
recovery, and relative standard deviation (%RSD). Table 1
shows values of LOD and LOQ. RSD were mostly found
below 9%. The values of RSD were analyzed in the same
day. Tables 2, 3, 4, 5, 6, and 7 show the major and minor
element concentrations of tropical fruits. Three replicates (acid
digests) were performed for each sample.

Recovery results of tropical fruits digested with 12 mL
HNO3 are given in Table 9. Currently, in analytical proce-
dures, recovery percentages in the range from 71.01 to
117.31 with precision of about 20% are accepted. On the other
hand, depending on matrix complexity, this range can be ex-
tended from 50 to 120% with precision of 15% (Basilio de
Caland et al. 2012). Considering the digestion efficiency ob-
tained in this work, the proposed method presents accuracy
and precision sufficient to be applied for the determination of
major and minor element contents in tropical fruits. Figure 2
and Fig. 3 show graph of major and minor element contents
(μg/g) in tropical fruits analyzed according to 6 mL HNO3–
2 mL HCl digestion method. While the lowest value of LOD
was obtained by 8 mL HNO3 + 4 mL H2O2, the highest value
of LOQ was found by using 6 mL HNO3 + 2 mL H2O2.

The relation between concentrations of major and minor
elements in all tropical fruits was determined according to
the Pearson’s correlation coefficients (r) by results obtained

6 mL HNO3 + 2 mL HCl digestion method which was chosen
as the best digestionmethod. As passion fruit has high positive
(r) values more than other tropical fruits, so correlations be-
tween elements in passion fruit are given in Table 10. There is
a very high positive correlation (r > 0.9) for concentrations of
the following pairs of elements—B-Fe, B-Mn, B-P, Cu-Na,
Fe-Mn, Fe-P, Mn-K, Zn-Mg, Zn-K, and Mg-K, Mg-S, K-P,
K-S—and high negative correlation (r > − 0.9) for concentra-
tions of the following pairs of elements: B-Na, Cu-Mn, Cu-
Zn, Fe-Na, Fe-K, Fe-Ca, Fe-S, Mn-K, Mn-Ca, and Mn-S
(Table 10). High correlations (r = 0.7–0.9) were found for
concentrations of Fe-K, Mn-Zn, Mn-S, Zn-P, Na-Mg, P-S,
B-K, B-Ca, Mn-Mg, Zn-Na, Na-S, and Mg-P. High negative
correlations (− 0.7 < |r| < − 0.9) were found for concentrations
of Al-K, Al-S, B-K, B-S, Zn-Na, Zn-Ca, Al-Na, Cu-Mg, Zn-
K, Zn-S, and Mg-Ca in Table 10. Because of providing the
highest correlation, 6 mLHNO3–2mLHCl as digestion meth-
od was chosen.

Three different samples were taken for each fruit sample.
One-way ANOVA was analyzed for the statistical evaluation
of the results. There are significant statistical differences be-
tween major, minor, and toxic (Al) element concentrations
analyzed by using different digestion methods in all tropical
fruits (p < 0.001). The comparison of different microwave di-
gestion methods showed statistically significant differences in
results obtained with these six procedures. In statistical eval-
uation, it was found that the differences were important
(p < 0.001) among types. Three stars indicate the statistical
significance beyond the 0.001 in Tables 2, 3, 4, 5, 6, and 7.
It shows that different processing methods caused these dif-
ferences. Statistical differences between groups analyzed by
different microwave digestion methods were analyzed by
using the Mann-Whitney U test, and the results are given in
Tables 2, 3, 4, 5, 6, and 7. In statistical evaluation, it was found
that statistical differences between some groups were not sig-
nificant at 0.05 level, while differences among the other
groups were mostly significant (p < 0.05) according to
Mann-Whitney U test.

The digestion efficiencies of methods were evaluated
by determination of RCC (residual carbon content) in
the final digests. The RCC values of digested tropical
fruit samples that were found to be between 28 and 77,
13 and 25, 36 and 69, 15 and 90, 13 and 92, and 19
and 85 g/kg for golden berry, tamarind, dragon fruit,
passion fruit, kumquat, and star fruit, respectively.
Table 8 shows residual carbon contents (g/kg) in tropi-
cal fruits. Six milliliter HNO3 + 2 mL HCl was found
the lowest carbon contents, generally. The lowest con-
tents of residual carbon were found for mostly digested
samples and confirmed the high efficiency of the pro-
posed sample digestion procedure, using oxidant mix-
ture and closed-vessel microwave oven. The oxidant
mixture of 6 mL HNO3 + 2 mL HCl presents a high

Fig. 1 Photo of tamarind samples after analysis with six different
microwave digestion methods. a 8 mL HNO3, b 6 mL HNO3 + 2 mL
H2O2, c 6 mLHNO3 + 2 mL HCl, d 12 mL HNO3, e 8 mL HNO3 + 4 mL
H2O2, f 8 mLHNO3 + 4 mL HCl
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oxidizing power, increasing the pressure and the temper-
ature inside the closed-vessels during the sample diges-
tion (Tables 9, 10 and 11).

Major Element Contents in Tropical Fruits

The concentrations (μg/g) of Ca, Mn, K, P, Na, Zn, Fe,
S, and Mg in golden berry (Physalis peruviana) are
given in Table 2 . Major element concentrations inves-
tigated in golden berry decreased in the following order:
K > P > Mg > S > Na > Ca > Zn > Mn > Fe for 8 mL
HNO3, 6 mL HNO3 + 2 mL H2O2, 6 mL HNO3 + 2 mL
HCl, 12 mL HNO3, and 8 mL HNO3 + 4 mL HCl. K >
P > Mg > S > Na > Ca > Zn > Fe > Mn for 8 mL
HNO3+ 4 mL H2O2.

Table 3 shows the concentrations (μg/mL) of K, P, Mg, S,
Na, Zn, Ca, and Cu in passion fruit (Passiflora edulis). Major
element concentrations investigated in passion fruit decreased
in the following order: K > P > Mg > S > Na > Zn > Ca > Cu
for all digestion methods.

The concentrations (μg/g) of K, Mg, P, S, Ca, Na, B,
and Zn in tamarind (Tamarindus indica) are presented
in Table 4. Major element concentrations investigated in
tamarind decreased in the following order: K > Mg > P
> S > Ca > Na > B > Zn for 8 mL HNO3, 6 mL
HNO3 + 2 mL H2O2, and 6 mL HNO3 + 2 mL HCl. K
> Mg > P > Ca > S > Na > B > Zn for 12 mL HNO3,
K > Mg > P > S > Na > Ca > B > Zn for 8 mL
HNO3 + 4 mL H2O2, and K > Mg > P > Ca > S > B
> Na > Zn for 8 mL HNO3 + 4 mL HCl.

Table 5 shows the concentrations (μg/g) of K, P, Mg, S,
Ca, Na, Mn, Zn, and B in dragon fruit (Hylocereus undatus).
Major element concentrations investigated in dragon fruit de-
creased in the following order: K > P > Mg > S > Ca > Na >
Mn > Zn > B for 8 mL HNO3, 6 mL HNO3 + 2 mL H2O2,

12 mL HNO3, 8 mL HNO3 + 4 mL H2O2, and 8 mL HNO3 +
4mLHCl. K > P >Mg > S >Ca >Mn>Na > Zn > B for 6 mL
HNO3 + 2 mL HCl.

The concentrations (μg/g) of K, P, S, Mg, Ca, Na,
and B in Kumquat (Citrus japonica) are presented in
Table 6. Major element concentrations investigated in
kumquat decreased in the following order: K > P > S
> Mg > Ca > Na > B for 8 mL HNO3, 6 mL HNO3 +
2 mL H2O2, 6 mL HNO3 + 2 mL HCl, and 8 mL
HNO3 + 4 mL HCl. K > P > S > Ca > Mg > Na > B
for 12 mL HNO3 and 8 mL HNO3 + 4 mL H2O2..

Table 7 shows the concentrations (μg/g) of K, P, Mg, S,
Na, Zn, Ca, and Mn in star fruit (Averrhoa carambola). Major
element concentrations investigated in star fruit decreased in
the following order: K > P >Mg > S > Na > Zn > Ca >Mn for
8 mL HNO3, 6 mL HNO3 + 2 mL H2O2, 6 mL HNO3 + 2 mL
HCl, 12 mL HNO3, and 8 mL HNO3 + 4 mL HCl. K > P>Mg
> S> Na > Ca >Zn > Mn for 8 mL HNO3 + 4 mL H2O2.

K was the highest concentration for all digestion
methods in all tropical fruits, but the minimum concen-
trations were different from each other in all the tropical
fruits. In all digestion methods, Cu was the lowest con-
centration for passion fruit, the minimum concentration
was observed for Zn in tamarind, B was the lowest
concentration in dragon fruit and kumquat, and Mn
was the minimum concentration in star fruit. For golden
berry, Fe was the minimum concentration in all diges-
tion methods except for 8 mL HNO3 + 4 mL H2O2. But
Mn was the lowest concentration for 8 mL HNO3 +
4 mL H2O2..

Some differences were observed in major element
contents analyzed by using different digestion methods
in tropical fruits, but the highest concentrations were
generally found for 6 mL HNO3 + 2 mL HCl and
8 mL HNO3+ 4 mL HCl digestion methods.

Table 1 Values (μg/L) of LOD and LOQ

Microwave digestion method Al B Cu Fe Mn Zn Na Mg K Ca P S

LOD, μg/L 8 mL HNO3 0.85 1.99 0.84 4.88 0.29 1.96 491 201 2390 2770 13 157

LOQ, μg/L 8 mL HNO3 2.83 6.62 2.80 16.27 0.97 6.53 1637 670 7967 9233 43 523

LOD, μg/L 6 mL HNO3 + 2 mL H2O2 2.79 1.94 1.09 2.23 0.55 2.39 512 598 517 2640 11 152

LOQ, μg/L 6 mL HNO3 + 2 mL H2O2 9.30 6.47 3.62 7.43 1.82 7.96 1707 1993 1723 8800 37 507

LOD, μg/L 6 mLHNO3 + 2 mL HCl 1.51 1.25 1.62 1.76 0.84 2.96 480 444 2394 2209 13 81

LOQ, μg/L 6 mLHNO3 + 2 mL HCl 5.04 4.17 5.41 5.85 2.78 9.88 1600 1480 7980 7363 43 270

LOD, μg/L 12 mL HNO3 0.48 1.61 2.01 1.06 0.52 1.57 488 166 2400 2980 11 155

LOQ, μg/L 12 mL HNO3 1.61 5.38 6.70 3.52 1.73 5.22 1627 553 8000 9933 37 517

LOD, μg/L 8 mL HNO3 + 4 mL H2O2 0.51 1.36 0.56 1.21 0.21 1.12 323 148 1650 2940 80 221

LOQ, μg/L 8 mL HNO3 + 4 mL H2O2 1.70 4.52 1.87 4.03 0.70 3.73 1077 493 5500 9800 267 737

LOD, μg/L 8 mLHNO3 + 4 mL HCl 0.49 1.88 2.10 1.77 0.65 1.77 499 215 2346 2730 19 158

LOQ, μg/L 8 mLHNO3 + 4 mL HCl 1.62 6.25 6.99 5.88 2.15 5.88 1663 717 7820 9100 63 527
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Minor Element Contents in Tropical Fruits

The concentrations (μg/g) of Al, B, and Cu in golden berry
(Physalis peruviana) are presented in Table 2 . Minor element
concentrations investigated in golden berry decreased in the
following order: B > Cu > Al except for 6 mL HNO3 + 2 mL
HCl and 8mLHNO3. B >Al > Cu for 8 mLHNO3 and Al > B
> Cu for 6 mL HNO3 + 2 mL HCl.

Table 3 shows the concentrations (μg/g) of Mn, B, Fe, and
Al in passion fruit (Passiflora edulis). Minor element concen-
trations investigated in passion fruit decreased in the follow-
ing order: B > Mn > Fe > Al for 6 mL HNO3 + 2 mL H2O2,
12 mL HNO3, and 8 mL HNO3 + 4 mL H2O2, Mn > B > Fe >
Al for 8 mLHNO3 and 8mLHNO3 + 4mLHCl, and Al >Mn
> B > Fe for 6 mL HNO3+ 2 mL HCl.

The concentrations (μg/g) of Al, Cu, Mn, and Fe in
tamarind (Tamarindus indica) are presented in Table 4.
Minor element concentrations investigated in tamarind
decreased in the following order: Al > Cu > Mn > Fe
for 8 mL HNO3, Cu > Mn > Fe > Al for 6 mL
HNO3 + 2 mL H2O2, 12 mL HNO3, and 8 mL
HNO3 + 4 mL HCl, Al > Mn > Cu > Fe for 6 mL

HNO3 + 2 mL HCl, and Cu > Al > Mn > Fe for
8 mL HNO3 + 4 mL H2O2.

Table 5 shows the concentrations (μg/mL) of Fe, Cu, and
Al in dragon fruit (Hylocereus undatus). Minor element con-
centrations investigated in dragon fruit decreased in the fol-
lowing order: Fe > Cu > Al except for 8 mL HNO3 + 4 mL
HCl and Fe > Al > Cu for 8 mL HNO3 + 4 mL HCl.

The concentrations (μg/g) of Fe, Zn, Mn, Al, and Cu in
kumquat (Citrus japonica) are presented in Table 6. Minor
element concentrations investigated in kumquat decreased in
the following order: Fe > Zn >Mn > Cu > Al for 8 mLHNO3,
Zn > Cu > Fe > Mn > Al for 6 mL HNO3 + 2 mL H2O2, Al >
Zn > Mn > Fe > Cu for 6 mL HNO3 + 2 mL HCl, Zn > Mn >
Fe > Cu > Al for 12 mL HNO3 and 8 mL HNO3 + 4 mL HCl,
and Zn > Mn > Fe > Al > Cu for 8 mL HNO3 + 4 mL H2O2..

Table 7 shows the concentrations (μg/g) of Fe, B, Cu, and
Al in star fruit (Averrhoa carambola). Minor element concen-
trations investigated in star fruit decreased in the following
order: Fe > B > Cu > Al except for 6 mL HNO3 and 2 mL
H2O2 and B > Fe > Cu > Al for 6 mL HNO3 + 2 mL H2O2.

Some differences were observed in minor element contents
analyzed by using different digestion methods in tropical

Fig. 3 Minor element contents
(μg/g) in tropical fruits analyzed
according to 6 mL HNO3–2 mL
HCl digestion method

Fig. 2 Major element contents
(μg/g) in tropical fruits analyzed
according to 6 mL HNO3–2 mL
HCl digestion method
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fruits, but the highest concentrations were generally found for
6 mL HNO3 + 2 mL HCl.

Toxic Element Contents in Tropical Fruits

The highest Al concentrations were observed in toxic element
contents analyzed by using 6 mLHNO3 + 2mLHCl digestion
method. The highest values of Al were found to be 12.44 and
14.99 μg/mL in kumquat and golden berry, respectively. The
presence of Al in tropical fruits is important for human health.
If we expose to high doses of Al, our nervous system can be
damaged (Ayar et al. 2009). The limited value advised for Al
intake is 24 μg/g by the Turkish Food Codex (60 kg body
weight) (Ayar et al. 2009; Turkish Food Codex 2001). The
concentrations of Al which is found in these fruits are accept-
able level for human health.

The use of pressurized solvents (liquids at a high pressure
and/or high temperature without reaching the subcritical
point) or microwave energy were investigated to accelerate
enzymatic hydrolysis processes of Brazil nut, golden berries,
acai fruit, and heart of palm from Amazon region for multiel-
ement determinations by an ICP-MS. The target elements
were Ca, Co, Cu, K, Mg, Ni, P, and Rb (Moreda-Piñeiro
et al. 2018). While Cu and K concentrations in the samples
were lower than this study, the concentrations obtained for Ca
was higher than determined in comparison with the results of

this study. On the other hand, P and Mg values were lower
than this study except for 12 mL HNO3.

Arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb),
manganese (Mn), and nickel (Ni) concentrations in 21 fruit
juices from 4 different brands in the Portuguese market were
determined. This study showed that Mn levels in Passion fruit
were lower than Anastácio et al. (Anastácio et al. 2018).
Novaes et al. determined element concentrations in various
passion fruits in Brazil by using diluted HNO3 by ICP-OES.
Ca, Co, Cu, Fe, K,Mg,Mn, Na, and Zn concentrations ranged
as follows: 43, 1.3, 10, 10, 20, 26.6, 0.33, 56.6, and 10 ppm.
According to the results of this study, Ca and Fe concentra-
tions in passion fruit were higher but K, Mg, Mn, Na, and Zn
values were lower than Novaes et al. The concentrations ob-
tained for Cu were similar to this study (Novaes et al. 2017).

The tamarind leaves’ compositions of two extracts
employing gas chromatography/mass spectrometry (GC/
MS), high-performance thin-layer chromatography-
ultraviolet spectroscopy (HTLC-UV), and inductively
coupled plasma optic emission spectrometry (ICP-OES) tech-
niques were investigated. For tamarind leaves, Zn values were
lower than this study except for 8 mL HNO3 + 4 mL HCl
digestion method. Cu and Fe values were higher but Mn con-
centrations were lower than Arranz et al. Al values were
higher than 12 mL HNO3, 8 mL HNO3 + 4 mL HCl, and
6 mL HNO3 + 2 mL H2O2, but Al concentrations were lower
than the other digestion methods. First and second extraction

Table 9 Recovery values of tropical fruits

Recovery, % Al B Cu Fe Mn Zn Na Mg K Ca P S

Tamarind (T. indica) 87.20 82.10 112.14 96.20 91.20 77.83 72.40 73.39 82.76 112.60 85.95 73.96

Kumquat (C. japonica) 80.43 115.50 102.60 97.30 76.33 81.70 77.27 93.25 96.96 112.50 99.74 86.8

Golden berry (P. peruviana) 80.45 108.00 77.28 82.51 77.83 80.93 72.69 87.28 95.39 75.15 100.37 86.44

Dragon fruit (H. undatus) 82.10 92.23 76.40 88.53 76.52 75.40 88.89 82.18 95.87 104.60 100.39 83.43

Passion fruit (P. edulis) 84.60 77.36 108.20 114.01 72.92 76.92 71.01 80.86 117.31 116.11 105.50 98.21

Star fruit (A. carambola) 94.46 72.69 89.60 109.60 71.20 75.39 78.90 84.00 77.31 113.50 95.02 79.13

a 12 mL HNO3

Table 8 Residual carbon contents
(g/kg) in tropical fruits Residual carbon contents, g/kg A B C D E F

Tamarind (T. indica) 14 20.86 16.11 13.27 25.42 19.20

Kumquat (C. japonica) 13.8 18 13 15 92 17

Golden berry (P. peruviana) 57.25 63.23 27.95 65.64 77.38 32.62

Dragon fruit (H. undatus) 45.60 66.16 35.90 69.17 61.13 43.20

Passion fruit (P. edulis) 37.5 50 15 54 90 37

Star fruit (A. carambola) 29.8 43.51 19 41.22 85 31.2

A 8 mL HNO3, B 6 mL HNO3 + 2 mLH2O2, C 6 mLHNO3 + 2 mL HCl,D 12 mL HNO3, E 8 mL HNO3 + 4 mL
H2O2, F 8 mLHNO3 + 4 mL HCl
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method’s results were lower than this study for Cu, Fe, Mn,
and Zn concentrations (Escalona-Arranz et al. 2010).

Hylocereus undatus has antioxidant activity and the fatty
acid profile. Jerônimo et al. investigated lipid, moisture, pro-
tein, and element contents in dragon fruit. K, Mn, Cr, Na, and
Ca concentrations were 3.090 mg, 2.230 mg, 1.250 mg,
0.140 mg, and 0.040 mg /100 g, respectively. K, Mn, Na,
Ca, Al, Cu, Fe, Mg, Zn, and P concentrations determined for
all digestion methods in dragon fruit in my study were lower
than Jerônimo et al. (2015).

Narain et al. investigated the elemental levels of citrus
fruits, and values of Ca, Mg, Na, and K (minimum-max-
imum in μg/g) ranged as follows K (95.13–270.4), Ca
(10.57–75.29), Zn (0.466–1.611), and Mn (0.035–1.902).
The concentrations of toxic elements (Pb, Cd, As, Al, Hg)
were very low. In my study, the concentrations obtained

for Zn, Mn, Ca, and K in kumquat were lower than
Narain et al. (2001).

The physical, physico-chemical, and chemical characteris-
tics at different stages of maturity as related to the apparent
color variations in carambola fruit were determined. Fe, Ca,
and P concentrations in this study were lower than Hong et al.
(Young et al. 2019).

Table 11 shows recommend daily allowance (RDA) and
dietary reference intake (DRI) results which are the levels of
intake of essential nutrients considered to be adequate to meet
the needs of practically all healthy adults [(https://
www.lenntech.com/recommended-daily-intake.htm 2020),
https://www.atsdr.cdc.gov/ToxProfiles/tp22-c1-b.pdf,
(Hewlings and Kalman 2019), http://www.nap.edu/catalog/
11537.html, (Lopez et al. 2002)]. Ca is an important element
which is required for bones and bodily functions as well as

Table 10 Correlations between elements in passion fruit (Passiflora edulis)

Al B Cu Fe Mn Zn Na Mg K Ca P S

Al 1.00

B 0.42 1.00

Cu − 0.49 − 1.00 1.00

Fe 0.56 0.99 − 1.00 1.00

Mn 0.72 0.94 − 0.96 0.98 1.00

Zn 0.32 0.99 − 0.98 0.96 0.89 1.00

Na − 0.76 − 0.91 0.94 − 0.96 − 1.00 − 0.86 1.00

Mg − 0.19 0.81 − 0.76 0.70 0.55 0.87 − 0.49 1.00

K − 0.83 − 0.86 0.89 − 0.93 − 0.98 − 0.79 0.99 − 0.39 1.00

Ca − 0.48 − 1.00 1.00 − 0.99 − 0.95 − 0.99 0.93 − 0.77 0.89 1.00

P 0.97 0.20 − 0.27 0.35 0.53 0.09 − 0.58 − 0.42 − 0.67 − 0.25 1.00

S − 0.82 − 0.87 0.90 − 0.93 − 0.99 − 0.81 1.00 − 0.40 1.00 0.89 − 0.66 1.00

a 6 mL HNO3 2 mL HCl

Table 11 Reference values for
recommended daily allowance
and dietary daily intake

Mineral nutrients and
trace elements

Recommended daily allowance
(RDA, per day)

Dietary daily intake
(DRI, per day)

Calcium 1000 mg 1000–1200 mg

Magnesium 350 mg 255–350 mg

Sodium 2400 mg 1300–2300 mg

Potassium 3500 mg 4700 mg

Iron 15 mg 5–8.1 mg

Zinc 15 mg 6.8–9.4 mg

Manganese 5 mg 1.8–2.3 mg

Copper 2 mg 0.7 mg

Boron < 20 mg 20 mg

Phosphorus 1000 mg 580 mg

Aluminum 7–9 mg 6 mg

Sulfide Not recommended Not recommended
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provides enzyme activation. Ca decreases risk of mortality
due to total stroke (Umesawa et al. 2006; Hays and Swenson
1985; Malhotra 1998; Murray et al. 2000). P is a main nutri-
tion required for physiological functions. High P intake can
cause renal calcification and vascular and renal tubular disease
(Chang and Anderson 2017). Na is the one of most significant
minerals due to electrolyte property, and Na is necessary for
osmotic pressure and acid-base balance of body fluids. On the
other hand, Na take part in normal nerve and muscle function
(https://www.msdmanuals.com/home/hormonal-and-meta-
bolic-disorders/electrolytebalance/overview-of-sodium-s-
role-in-the-body 2019; William et al. 2015).

K is a significant element with regard to human health. Low
P intake can lead to cardiovascular disease (Hays and Swenson
1985; Malhotra 1998; Murray et al. 2000). S is composed of
cystine, cysteine, and methionine. For adequate S intake, it is
necessary to eat food which is rich in protein (Malhotra 1998;
Murray et al. 2000). Zn provides insulin activity, protein, and
DNA synthesis. Zn controls and regulates immune responses
and attacks cancerous cells, treats diarrhea, effects learning and
memory, reduces risk of age-related chronic disease, and pre-
vents pneumonia. Zn is found in beans, animal meats, nuts, fish,
and other seafood and dairy products (Osredkar and Sustar
2011; Burjonrappa and Miller 2012; WHO Contributors 2007;
https://www.medicinalnewstoday.com/articles/263176 2020).

The recommended dietary allowance (RDA) for Cu in nor-
mal healthy adults is 2 mg/day. While low Cu intake can lead
to fatigue and anemia, high Cu intake cause liver and kidney
diseases. Fe is required for blood production (National
Research Council, Food Nutrition Board 1980). Iron is found
in the red blood cells. Hemoglobin provides transport of O2

from the lungs to the tissues in our blood (Chandra 1990;
Galan et al. 2005; Food and Nutrition Board, Institute of
Medicine, National Academy of Science 2001). The
established RDA for Fe is 8 mg/day and 18 mg/day for men
and old women, respectively. Mn is an important element for
human health. Mn also provides fat and carbohydrate metab-
olism, calcium absorption, and blood sugar regulation. The
recommended dietary allowance (RDA) for Mn is 2.3 mg/
day and 1.8 mg/day for adult males and females, respectively
(Food and Nutrition Board, Institute of Medicine, National
Academy of Science 2001; Roger 2011; Emsley 2001; Silva
Avila et al. 2013; Henn et al. 2010). Major, minor, and toxic
element concentrations were below the recommend daily al-
lowance and dietary reference intake levels so the results show
tropical fruits are not enough source for dietary intakes.

Conclusion

The concentrations of major and minor elements in tropical
fruits were investigated. It was worked for the first time in
tamarind (Tamarindus indica), golden berry (Physalis

peruviana), kumquat (Citrus japonica), dragon fruit
(Hylocereus undatus), passion fruit (Passiflora edulis), and
star fruit (Averrhoa carambola) using different microwave
digestion methods by ICP-OES. HNO3, HNO3/H2O2, and
HNO3/HCl digestion procedures were successfully applied
for further the determination multielement contents by ICP-
OES. The efficiency of digestion was expressed by RCC. Six
milliliters of HNO3 + 2 mL of HCl digestion method was pre-
ferred as the suitable digestion method because of the lowest
residual carbon contents.

The highest values of Al were found in golden berry and
kumquat. These concentrations are acceptable levels by
Turkish Food Codex. Major and minor element concentra-
tions were below the recommend daily allowance levels so
the findings indicate tropical fruits are not good source of
essential elements for contribution to dietary intakes.
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