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THE MULTIELEMENT ANALYSIS OF THE APPLE PEEL USING ICP-OES 
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The content of 21 elements in the peel of five apple cultivars was determined 
by using the inductively coupled plasma optical emission (ICP-OES) spectro-
metry. Among the major elements, the most abundant is K, followed by Ca, P, 
Na and Mg. The most abundant among the microelements are Fe, B, Mn, V, 
Cu and Zn. In terms of heavy metals (As, Cd, Pb), it can be concluded that the 
concentrations of As, Cd, Ni and Pb are below permissible levels prescribed 
by national legislation and EU Directives. The results obtained from this study 
show that there are no health risks from the consumption of apples when com-
pared with the levels stipulated by health authorities. Principal component 
analysis (PCA) was applied to classify the analyzed elements in five apple 
cultivars according to their contents.

Keywords: minerals, apple peel, ICP-OES, 
PCA.

Introduction 

By increasing a clinical trial and epidemiological studies 
it has been established that a high dietary intake of fruits 
and vegetables is strongly associated with a reduced 
risk of developing some chronic diseases such as vari-
ous types of cancer, a cardiovascular disease, type II di-
abetes and other degenerative or age-related diseases, 
which are the main causes of death in developed coun-
tries [1-2]. Main minerals and essential trace elements 
are very important in biological processes and play a 
vital role in normal growth and development, and have 
also been involved in the prevention of some chronic dis-
eases [3].

There are micronutrients and minerals that concern 
us because of foods and food products consumption 
and/or occupational or residential exposure [4]. Some 
minerals include alkali and alkaline earth and heavy 
metal elements i.e. Sb, As, Cd, Cr, Co, Cu, Fe, Pb, Mn, 
Hg, Ni or Zn. Small amounts of the elements are com-
mon in our environment and diet and are actually neces-
sary for good health, but large amounts of any of them 
may cause acute or chronic toxicity [5,6]. The toxicity of 
some heavy metals can reduce mental and central nerv-
ous functions and damage the blood composition, lungs, 
kidneys, liver, and other vital organs [7].

It is widely accepted that a dietary intake of selected 
fruits, especially those containing functional bioactives 
such as phenolic acids, tannins, flavonoids, and vitamins 
and essential minerals, is linked to the reduced prev-
alence of several chronic diseases [8-10]. The apple    

(Malus domestica Borkh.), a member of the family Rosace-
ae, is one of the most frequently consumed fruits in many 
regions all over the world. The apple fruit has been iden-
tified as an excellent potential source of carbohydrates, 
minerals, dietary fiber and antioxidant phenolics [3–5]. 
Recent studies have revealed that the consumption of 
apple fruit and apple juice can provide antiproliferative, 
anticarcinogenicand anti-inflammatory health benefits 
and is strongly associated with lower incidence of lung 
cancer, viral diseases and cardiovascular disorders 
[8,10,13–15]. 

The apple peel, being a rich source of phenolics and 
dietary fiber, is also valued for its medicinal health func-
tions [12,13]. The composition and distribution of nu-
trients and high-value components such as phenolics 
mainly depends upon genotypes, fruit tissue and matu-
rity levels of fruits and, to a smaller extent on environ-
mental aspects [16–19]. Unpeeled fruits possess higher 
contents of bioactive compounds as compared to the 
peeled ones [16]. The fruit peels, although medicinally 
important, are often discarded as agro-waste and have 
not yet received attention regarding their utilization for 
value-addition rather than being discarded. This might 
be due to the lack of commercial applications and con-
sumer’s unawareness of the benefits of consuming fruit 
peels. Interestingly, the peel fractions have been re-
ported to have a higher antioxidant activity compared to 
the pulp fraction [20]. Gorinstein et al. [21] reported that 
mineral and total phenolic contents in persimmon and 
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apple peel were significantly higher compared to those 
in the pulp. Similarly, Loentowiczet al. [15] reported that 
apple and pear peel extracts exhibited a better potential 
as natural antioxidant supplements than the pulp extract.

Several methods for the determination of trace met-
als have been commonly conducted by flame atomic 
absorption spectrometry (FAAS) [22], graphite furnace 
atomic absorption spectrometry (GFAAS) [23], inductive-
ly coupled plasma-atomic/optical emission spectroscopy 
(ICP-AES/OES) [24-26] or inductively coupled plasma-
mass spectrometry.

Inductively coupled plasma optical emission spec-
trometry (ICP-OES) has proved to be a rapid and accu-
rate technique for the determination of minor and major 
element contents in fruits [27].  ICP-OES is attractive for 
trace analysis, owing to the satisfactory sensitivity cou-
pled with the advantage of simultaneous determinations 
of several metals at different spectral lines. ICP-OES 
and exploratory analysis were used for the determina-
tion of metals in apples and apple juice [28]. 

The aim of the present work was to determine minor 
and major element compositions in five apple cultivars 
as the basis for evaluating the health effect by metals 
through the apple consumption. Five apple cultivars 
purchased from the local market were analyzed for their 
minor and major element contents after the optimiza-
tion and validating an appropriate analytical method us-
ing ICP-OES. The study is focused on those essential 
elements which can be easily determined by ICP-OES, 
namely Ca, K, Mg, Na, P, B, Ba, Co, Cr, Cu, Fe, Mn, Ni, 
Se, Sr, V, Zn, Al, As, Cd and Pb. By comparison, multi-
elements classified as major, minor and nonessential el-
ements were confined according to their amounts found 
as a residue and/or background contamination in the 
plant samples analyzed.

Experimental part

Reagents
Ultra-scientific (USA) ICP multi-element standard so-

lutions of about 20.00 ± 0.10 mg/L were used as a stock 
solution for calibration. The plastic containers used for 
storing the samples were cleaned to avoid contamina-
tion of the samples with traces of any metals. Containers 
were treated with 5% nitric acid and washed with ultra-
pure water 0.05 µScm-1 (MicroMed high purity water sys-
tem, TKA Wasseraufbereitungssysteme GmbH).

Instrumentation
All analyses were carried out on the iCAP 6000 in-

ductively coupled plasma optical emission spectrometer 
(Thermo Scientific, Cambridge, UK) using an Echelle 
optical design and a charge injection device solid-state 
detector. The operating conditions are shown in Table 1.

Table 1.  Operational parameters for ICP-OES measurements

Dry ashing method was carried out in a VIMS electric 
(Serbia) furnace equipped with microprocessor program 
of temperature IVIGOS3123 (±1 °C).

Fruit Samples
The apple (n=5) samples were purchased from local 

markets in Niš. All apples analyzed are frequently con-
sumed in Serbia. 

Procedures 
All apple samples were washed thoroughly and sepa-

rately. Running tap water was employed to remove the 
dust and adhered particles and then the fruits were 
peeled off with a steel knife.The samples(apple peel) 
were later rinsed thrice with deionized water and sub-
sequently dried in oven at 60-80 ˚C and then were ho-
mogenousin a blender. Prior to ICP-OES analysis, 10 
g of homogenized apple peel samples was placed in 
porcelain vessels and heated for 12 h. The vessels with 
the residue obtained after the vaporization of the water 
were ashed in a furnace for 24 h. The furnace was pro-
grammed to raise the temperature starting from 50 ˚C 
to 450 ˚C in the first 16 h, after which it was kept at con-
stant 500 ˚C until the end of the process. The residues 
were treated with 1mL conc. HNO3 and heated in a fur-
nace again, until a complete mineralization of the sam-
ple was attained (~10h). The white obtained ashes were 
dissolved in 5% (v/v) HNO3 to a total volume of 50 mL. 
Table 2 lists the emission line selected for each of the 
elements, based upon tables of known interferences and 
baseline shifts and empirical observations made during 
the sample preparation [29]. Also, the correlation coef-
ficients for the calibration straight line and the detection 
and determination are presented in Table 2.
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Table 2. Emission wavelength, linear working range, 
LOD, LOQ and correlation coefficient (r) of the calibra-
tion for each mineral determination

Statistical Analysis
Data were reported as mean±standard deviation (SD) 

for triplicate determinations.Principal component analy-
sis (PCA) was used to evaluate the distribution of metals 
in the studied tissue [30, 31].

Results and discussion

Under the ICP-OES operating conditions for multi-
elements measurement with their analytical lines used, 
differences in the suitable calibration ranges of these 
elements were established with r2> 0.984. The limit of 
detection (LOD) and the limit of quantification (LOQ) for 
fifteen metals were determined by analyzing five portions 
of standard solutions simultaneously following the gen-
eral procedure. The LOD values in mgL-1 defined as 3σ 
where σ is the standard deviation. The LOQ values (10σ) 
were also determined to confine that the trace amount of 
some elements could be certainly detectable, although 
some of other elements had been tried to be analyzed 
as well.

Nutrient levels in foods are variable. In the case of 
fruits, mineral levels canbe affected by factors such as 

the variety of the produced item, harvest time, ripeness, 
climate, soil conditions including fertilizer application, 
and storage and marketing conditions. As biological ma-
terials, fruits are also the subject to random variation in 
the mineral content [32, 33].

Major minerals are those required in the amounts 
greater than 100 mg per day and represent 1% or less 
of the bodyweight. Minor minerals are essential in much 
smaller amounts, less than 100 mg per day, and make 
up less than 0.01% of the bodyweight [34].

In most of the elements evaluated, their content was 
significantly different depending on the cultivar and the 
fruit tissue evaluated. Apple peel fraction showed a high-
er significant mineral content, followed by the whole fruit 
(1.3 to 4.7 fold) and the pulp (1.7 to 8.8 fold) [21]. 

Recommended dietary allowances of the elements  
[35] (RDA (mgday−1)) for some essential elements of hu-
man nutrition have been established, namely: Ca (1000 
mg), Na 1500 Cu (1.2 mg), Fe (8 mg), K (4700 mg), Mg 
(400 mg), Co (not stated), Mn (2.3mg), P (1000mg), Mo 
(0.05 mg) and Zn (11mg).

The results of major elements for five varieties of the 
apple samples are shown in Table 3. For the major ele-
ments found in the apple peel samples the content of K 
is the highest, while those of Ca, Mg and Na are lower. 
Average concentrations (mgkg-1 of fresh weight) among 
these varieties were 173.3, 1516.1, 110.0, 128.1 and 
169.3 for Ca, K, Mg, Na and P, respectively.  At the con-
sumer level, a high intake of Ca, Mg and K, together with 
a low Na intake, is associated with the protection against 
bone demineralization, arterial hypertension, insulin re-
sistance, and overall cardiovascular risk [36]. Calcium 
is essential for all living organisms. The essential role 
is in blood clotting, muscle contraction, nerve transmis-
sion, and bone and tooth formation. Also, the importance 
of calcium in apple fruit is its role in contributing to the 
maintenance of the optimum quality during postharvest 
storage and fruit ripening. This role is seen directlyin the 
prevention of specific disorders such as bitter pit, and in 
relationships between calcium and more general quality 
properties such as flesh firmness [37]. Potassium is an 
important component of cell and body fluids and helps 
in controlling a heart rate and the blood pressure and 
thus counters the bad influences of sodium. Magnesium 
is required for processing ATP and for the stability of 
bones. Among the five apple cultivars, 'Idared' peel had 
the highestCa, K, Mg and P content and 'Modi' peel had 
the highest Nacontent.

Table 3. Mean concentration (mgkg-1f.w.) and associated standard deviation 
(mean ± SD) of major element in apple peel (n=3).
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The results of minor elements are shown in Table 4. 
Minor elements can be classified as potentially toxic (Cd, 
Pb, Hg), probably essential (Ni, Co) and essential (Cu, 
Zn, Fe, Mn)[38]. Essential minerals have several roles 
in human biochemistry and physiology.  Many are co-
factors for different enzymes and we are dependent on 
them for energy efficiency, fertility, mental stability and 
immunity. According to the data obtained, Fe has the 
highest concentration followed by B, Mn, V, Cu, Zn etc. 

Se and Co have the lowest concentration. Some of these 
microelements (Fe, Zn, Cu, Mn) are involved in many 
biochemical processes supporting life [39].  Among the 
five cultivars studied, 'Breburn' peel had the highest con-
tent of Fe; Red Delicious' peel had the highest content of 
Co; 'Pink Lady' had the highest content of Se; 'Modi' had 
the highest content of B, Ni, Ba and Cr and 'Idared' had 
the highest content of V, Cu, Zn, Mn and Sr.

Redox active elements (e.g., Fe and Cu) may induce 
oxidative hazard and thereby contribute to pathogenesis 
of serious diseases [40].  Iron is a component of haemo-
globin and various enzymes. A deficiency of Fe causes 
anaemia while the excess may increase the risk of de-
veloping cancer or a heart attack. Iron is present in both 
divalent and trivalent forms; the former is known to be 
readily absorbed [41].  The concentration of iron ranged 
from 5.962 mg metal kg-1f.w. to 7.363 mg metal kg-1f.w. 

Copper is a component of enzymes required for Fe 
metabolism, its essentiality is mediated through specific 
copper proteins. The Cu deficiency leads to a high blood 
pressure and infertility [42].The concentration of copper 
in the apple peel samples resulted in 0.498 mgkg-1f.w. 
and 0.625 mgkg-1f.w.

It was found that the average contents of Al, Ba 
and V found in five varieties of the apple peel samples 
were3.704, 0.140, 1.150, respectively.

The recommended daily dose for V is not set [43]. Its 
role in a diet is little known but seems to be very impor-
tant. It is assumed that it affects the formation of insulin. 
Together with tin, V is involved in the metabolism of fat 
and affects the proper functioning of the reproductive 
system and the production oftestosterone. 

Selenium has been suggested as an active modula-
tor in inflammatory and immune responses [44].The con-
centrations of Se were determined in the range 0.005-
0.009 mg kg-1f.w.

Manganese is one of the vital important elements. 
Manganese is both part of the structure of some en-
zymes and active to some enzymes. Manganese was 
detected in all apple peel samples and the concentration 
ranged from 0.747 to 2.709 mgkg-1f.w.

Strontium can be taken into the body by eating food 
or drinking water. Strontium bears a chemical resem-
blance to calcium and can displace it at times. Strontium 

can improve the cellular makeup of bones and teeth by 
preventing tooth decay or soft bones. It has not been 
proven that low strontium can cause the negative out-
comes similar to calcium. The reference ranges deter-
mined in all apple peel samples ranged from 0.213in cv. 
'Breburn' to 0.638mgkg-1f.w. in cv. 'Idared'.No literature 
data were found for the comparison.

Zinc is essential for humans since it is a co-factor in 
enzymes, some of them being involved in the protection 
against oxidative processes. Also, Zn is used in treat-
ing shortness and other diseases and in fruit juice indus-
tries.The zinc contents in the apple samples ranged from 
0.385 mgkg-1f.w. in cv. 'Red Delicious' to 0.424 mgkg-1f.w. 
in cv. 'Idared'.

Cobalt is the integral part of vitamin B12, the only 
metal-containing vitamin which includes a family of 
compounds which contain cobalamin and which show 
the same vitamin activity (cyanocobalamin, hydroxokob-
alamin, methylcobalamin and adenosylcobalamin) [45].
The concentrations of Co were determined in the range 
0.002-0.007 mg kg-1 f.w. The knowledge concerning the 
bioavailability of vitamin B12 from various food sources 
is rather limited, despite its importance for human me-
tabolism, the production of red blood cells and mainte-
nance of the central nervous system.

Chromium (Cr) and cobalt (Co) are also essential for 
the metabolism of fats, carbohydrates and the synthesis 
of proteins. Whereas Cr(III) is required in trace amounts 
for sugar metabolism in humans, nickel (Ni) plays nu-
merous roles in hormonal activity, lipid metabolism, ac-
tivation of some enzymes and stabilisation of DNA and 
RNA [46,47]. However, the chronic exposure to Cr(VI) 
compounds can cause a permanent eyeinjury or allergic 
contact dermatitis.The concentration of Cr was deter-
mined in the range 0.052-0.059 mg kg-1 f.w.  According 
to IARC classification [48], Cr(VI) and Ni are established 

Table 4. Mean concentration (mgkg-1f.w.) and associated standard deviation 
(mean ± SD) of minor element in apple peel (n=3).
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Table 5. The comparison of Serbian apple peel samples with those from other 
regions regarding mineral levels (mgkg-1 f.w.).

human carcinogens while an excessively high intake of 
Co may damage heartmuscles andmay cause an over-
production of red blood cells or a damage to the thyroid 
gland [43]. Our results for Ni are slightly higher than the 
results given by Ozcan et al., [49] (90.23-0.70 mgkg-1).

As known, same areas where there is a human ac-
tivity have the heavy metal pollution due to different 
sources such as home wastes, straw and traffic wastes. 
Heavy metal includes the element with the atomic num-
ber greater than 20, excluding alkali metals, alkaline 
earths, lanthanides and actinides.The plants which grow 
affected by those pollutants can contain a different range 
of heavy metals. Also, the aim of this study is the de-
termination of cadmium, nickel and lead content of the 
apple cultivars which were produced in Southeastern 
Serbia and the investigation of the potential health risks 
for humans [50].

Cadmium was not detected on the fruit tissues eval-
uated. Heavy metals such as Ni, Pb and Cd not only 
affect the nutritive values of fruits and vegetables, but 
also have deleterious effects on the human health be-
cause they can,for example cause mental retardation 

and semi-permanent brain damage or dysfunction in the 
lungs, liver, bone or kidneys [51]. 

Trichopoulos [52] reported that Pb has a toxic effect 
for human metabolism even in low amounts and may 
havecarcinogenic effects.The concentration of Pb was 
determined in the range 0.016-0.022 mg kg-1f.w.

The results of the heavy metal concentrations were 
compared with the values recommended by the World 
Health Organization [43] and EU Directives [53] for fruits. 
Based on the WHO health criteria and EU Directive (mil-
ligrams per kilogram wet weight) for Pb (0.1–1.0), Cd 
(0.05), Cr (0.03), Ni (0.5), and Cu (0.2–1.2), there are 
no health risks with respect to the concentrations of lead, 
nickel, copper, cadmium, and chromium in fruits and 
wines analyzed in this study.

The comparison of Serbian apple peel samples with 
the samples from other regions, regarding mineral levels, 
is given in Table 5. For many elements, no literature data 
were found for the content in the apple peel converted 
to the fresh weight of fruit. It can be seen that our results 
are in line with all listed in Table 5, except for the sam-
ples from Nigeria.

For better illustration, PCA was conducted to evalu-
ate the metal content in the apple peel samples.Based 
on the data obtained from the determination of the se-
lected elements in apples (Tables 3 and 4), PCA was 
used for possible differences of the apple samples. PCA 
is a useful tool, because one of its advantages is the 
reduction of the number of variables of the experimen-
tal data and the extraction of a small number of latent 
factors (principal components, PCAs) for analyzing the 
relationships among the observed variables [30, 31]. Ac-
cording to suchplot, it is possible to classify the samples 
by their element distribution. The starting point for the 
PCA calculations was the matrix of data with dimensions 
n x p, where n is the number of cases (rows) and p is 
the number of variables (columns). In the matrix, apple 
samples (Pink lady, Red delicious, Idared, Breburn and 
Modi) were used as rows. Columns were the results of 
the selected elements analysis of the apple samples. As 
a result of PCA analysis, 20 new variables were obtained 
which were characterized by consecutive eigenvalues. 
Performed statistics with Pearson correlation matrix 
on the apple samples based on the selected elements 
content shows that there is a strong positive correla-

tion between the quantity of aluminum and iron (0.935), 
lead and boron (0.990), manganese and barium (0.945), 
phosphorus and barium (0.919), strontium and barium 
(0.971), vanadium and magnesium (1.000), strontium 
and manganese (0.945), strontium and phosphorus 
(0.919), and a strong negative correlation between the 
quantity of arsenic and magnesium (-0.894), arsenic and 
vanadium (-0.893), selenium and cobalt (-0.978), nickel 
and iron (-0.881), phosphorus and sodium (-0.894).   

The number of factors represents the total number of 
variables used in the dataset. Eigenvalues for the first 
four factors are higher (7.422, 5.896, 5.441 and 1.241, 
respectively) compared to the values for the rest of the 
factors. So, four factors must be used to explain the ob-
tained variabilities (37.11%, 29.48%, 27.20% and 6.20%) 
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Figure 1. Plot shows the importance of the factors and values 
of cumulative variabilities. Some values for factors (F1, F2, F3 
and F4) are positive and some of them are negative. 

Observation plots based on the content of selected 
elements are represented in Figure 2. From Figure 2a., 
it is visible that a high content of aluminum is present in 
the apple samples on the right side of the plot and low 
on the left side of the plot. Also, it can be concluded that 
a high content of arsenic is present in the apple samples 
in the upper half of the plot and low on the opposite side 
of the plot. Similarly, Figure 2b shows a high content of 
arsenic on the right side of the plot and low on the left 
side of the plot. A high content of boron is present in the 
apple samples in the upper half of the plot and low on 
the opposite side of the plot. Figure 2c confirms the infor-
mation onthe low and high quantity of boron, but it also 
shows the quantity of barium; a high content of barium is 
present in the apple samples in the upper half of the plot 
and low on the opposite side of the plot.

a)

b)

c)

Figure 2. Principal component score plots a) (F1 and F2), b) 
(F2 and F3), and c) (F3 and F4) of the studied plant samples 
based on the content of selected elements.

Conclusion

ICP-OES method was successfully applied to deter-
mine multi-elements in the peel of five apple cultivars 
grown in Southeastern Serbia. Since the measurement 
of intakes of various elements by man is of importance 
in nutrition, the results obtained can therefore be useful 
information with respect to their minerals consumption.

The present investigation indicates that ICP-OES 
technique is suitable for the determination of the content 
of 21 elements in the apple samples. The concentrations 
of elements in various apple cultivars were different. The 
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analytical values obtained for the analyzed metals were in 
good agreement with those reported by other researchers. 
The levels of heavy metals in the apple peel samples were 
assessed by comparing the levels found in the samples 
with the requirements of WHO and EU Directives. The 
results obtained from this study show that there are no 
health risks from the consumption of apples when com-
pared with the levels stipulated by health authorities.
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MULTIELEMENTNA ANALIZA KORE JABUKA PRIMENOM 
ICP-OES METODE

Branka T. Stojanović, Snežana S. Mitić, Milan N. Mitić, Dušan Đ. Paunović, 
Biljana B. Arsić, Gordana S. Stojanović

Prirodno matematički fakultet, Departman za hemiju, Univerziteta u Nišu, Niš, Srbija

U radu je određen sadržaj 21 elemenata u kori pet sorti jabuka pomoću optičke 
emisione spektometrije sa indukovano spregnutom plazmom. Od makroeleme-
nata u ispitivanim uzorcima kore jabuka najzastupljeniji je K, a nakon toga, P, Ca, 
Mg i Na. Od mikroelemenata najzastupljeniji su Fe, B, Mn, V, Cu, Zn. U pogledu 
sadržaja teških metala, može se zaključiti da su koncentracije As, Cd, Ni i Pb 
ispod maksimalno dozvoljenih koncentracija, propisanih domaćom zakonskom 
regulativom i EU propisima. Dobijeni rezultati pokazuju da ne postoje zdravs-
tveni rizici od konzumiranja jabuka kada se uporede sa propisanim od strane 
zdravstvenih vlasti. Analiza glavnih komponenta je primenjena za klasifikaciju 
analiziranih elemenata u kori pet sorti jabuka u skladu sa njihovim sadržajem.

Ključne reči: minerali, kora jabuke, ICP-OES, 
PCA
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