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Hassan, Roshada Hashim

ABSTRACT--- Malaysia is a tropical country that has a rich
diversity of fruits. Fruits are sources of many essential elements,
proximate composition and minerals that play vital roles in the
proper development and good health of the human body. This
study aimed at evaluating the content of mineral elements; macro
and micro elements. Fruit samples were obtained from the local
farm located at Bagan Datuk, Perak, Malaysia. The results
obtained by chemical analysis were evaluated statistically with
the majority of the fruit samples were rich in some of the
essential minerals like sodium, potassium, calcium, iron,
magnesium, copper, manganese and zinc. The data were
subjected to chemometric assessment to understand the
association between the elements concentration and to classify
the fruit samples according to their minerals content. The
principal components analysis (PCA) clearly showed a good
separation of samples in terms of mineral constituents. The
results fall within the limits.

Index Terms:— Inductively Coupled Plasma Optical Emission
Spectroscopy (ICP-OES), local fruits, mineral elements,
Principal Components Analysis (PCA).

I INTRODUCTION

Fruits, including vegetables are indispensable part of
human diet. In a world faced with food shortage, they are
generally acceptable as a good source of nutrient and
supplement [1]. The constituents of biological active
substances in fruit give beneficial effects on human health
such as antioxidants, anticarcinogens, antimutagens and
antibacterial [2]. Fruits are known to be excellent source of
nutrients, such as vitamins and minerals. Fruits provide a
varied flavoured, tasty, colourful, low caloric, protective and
micronutrient rich diet [3]. The protective effect is enhanced
probably through the action of micronutrients and
antioxidants such as flavonoids, carotenoids, folic acid and
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vitamin C, as well as dietary fibre which are abundant in
fruits and vegetables [4]. In [5] reported the 6th main risk
factor for mortality is due to the low consumption of fruits
and vegetables [4], [6] which also lead to the risk of obesity,
heart disease and stroke [7]. Recommended daily intake of
fruits and vegetables is 4400 g/day which can help to
prevent major non-communicable disease [8] like cancers
and cardiovascular disease [9]. Researchers have proved that
fruits and vegetables are rich sources of nutrients as well as
non-nutrient molecules with antioxidant or other
physiological effects and sufficient bioavailability, these
compounds may be important constituents of a healthy diet
[1].

Unfortunately, it has been reported that majority of people
regularly consume less fruits and vegetables than the daily
recommended requirement [3]. In [7] had done a survey for
52 low- and middle-income countries, and revealed that 78.4
% of women and 77.6 % of men consumed less than
minimum recommended five daily serving of fruits and
vegetables. The lower intake of fruits and vegetables may
lead to the high prevalence of malnutrition, especially micro
nutrient deficiencies and diet-related noncommunicable
diseases. Adequate intake of important micro nutrients is
proven to prevent some disease, besides play a crucial role
in numerous biochemical and physiological processes of the
body. Nutrients such as proteins, carbohydrates, vitamins,
minerals and water are vital for human health [10]. Some
elements such as copper (Cu), iron (Fe) and zinc (Zn) help
to combat infection [11] but they are also associated with
many chronic, epidemic, endemic, and even malignant
diseases [1]. Nowadays, the deficiency of vitamins and
minerals become one of the major human health problem.
For instance, the deficiency of Fe causes anemia which
affected one third of world population [12]. Trace elements
are required components for enzyme.

The deficiency of trace elements will produce a
characteristics syndrome which reflects the specific
functions of the nutrient in the metabolism of the animal
[13]. Fruits and vegetables possess low energy content with
very high densities of nutrient. Foods which are high in
composition of saturated fats, salt and sugar can be replaced
with the intake of fruits and vegetables.
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Subsequently, this improve the consumption of most
micro nutrients and dietary fibre. Furthermore, it is a must to
observe the level of toxic content such as cadmium (Cd),
lead (Pb), mercury (Hg) and nickel (Ni) in food [8].
Malaysia is one of the countries that has a rich diversity of
underutilized fruits that grow abundantly in the region of
Peninsular Malaysia. Namnam (Cynometra sp.) bacang
(Mangifera sp.), durian (Durio sp.), bidara (Ziziphus sp.),
assam kelubi (Salacca sp.), belimbing buloh (Averrhoa sp.),
carambola (Averrhoa carambola) and sentol (Sandoricum
sp.) are among the underutilized fruits commonly consumed
and widely cultivated in Malaysia [14], [15]. They are
commonly planted in orchards or fruit gardens around
houses and some grow wild in the rain forest. The
nutritional and medicinal properties of these fruits are
commonly known by older folks [16]. The lack of good
database and poor knowledge on the nutrient composition
and quality of traditional food crops are some of the reasons
for low fruit and vegetable consumption in developing
countries, especially in younger generation.

Various analytical techniques like graphite furnace atomic
absorption spectroscopy (GFAAS) and flame atomic
absorption spectroscopy (FAAS) have been used to quantify
the heavy metals (Cd, Pb Hg and Ni) in plant materials and
food samples. [13], [17]. Inductively coupled plasma optical
emission spectrometry (ICP-OES) is one of the instrument
which is reported the most frequently used with a very good
detection limit [18] and many samples can be run at a time
compare to atomic absorption spectrometry (AAS) [8], [19].
Besides that, it has characteristics such as high sensitivity
and lower chemical interference [20]. Principal components
analysis (PCA) is a powerful mathematical tool that can be
used to reduce the dimensionality of a data set consisting of
a large number of interrelated variable, which allows to
visualize the underlying structure of the experimental data
and the relationships between samples and data [1]. This
reduction generates a new reduced and uncorrelated set of
variables, called principal components. Thus, these
components are chosen to ensure that the former retain the
greater part of the variance present in the original variables
[21].

Hence, the aim of this study was to evaluate the elements
composition of a variety of Malaysian local fruits using ICP-
OES, analysis of variance (ANOVA) and PCA analyses.
This information would give the Malaysian a better
understanding of the mineral compositions of local fruits,
especially to the underutilized species.

1. MATERIALS AND METHOD

A. Chemical Reagents and Solution

All chemicals used throughout the experiments were of
analytical reagent grade (Merck, Darmstadt, Germany).
Ultrapure water (18.2 MQ.cm™) from a Mili-Q system
(Millipore, MA, USA) was used to prepare all the solutions.
The standard solutions for calibration purposes were
prepared by diluting the stock solutions (1000mg L™) of the
investigated standard elements; Barium (Ba), calcium (Ca),
copper (Cu), iron (Fe), potassium (K), magnesium (Mg),
manganese (Mn), nickel (Ni), lead (Pb), zinc (Zn), selenium
(Se), aluminium (Al) and sodium (Na). All the glassware
was cleaned by soaking in dilute nitric acid solution for 12
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hour for decontamination and then rinsed several times with
deionized water prior to use. Nitric acid, HNO3 (65 % V/v)
and hydrochloric acid, HCI (65 % v/v), were used for acid
digestion.

B. Sample Preparation

Ten types of local fruit (Table 1); kedondong (Averrhoa
carambola L.), jackfruit (Artocarpus heterophyllus), rokam
(Flacourtia rukam), namnam (Cynometra cauliflora), banana
(Musa acuminata), guava (Psidium guajava), papaya (Carica
papaya), starfruit (Averrhoa carambola), pelam padi
(Magnifera indica) and pelam putih (Magnifera indica) were
picked manually from the farm located at Bagan Datuk,
Perak, Malaysia. Each samples were washed several times
with tap water followed by deionized water in order to
remove dust or other particles adhering to the sample
surfaces and then oven dried at 50 °C for 1 hour. The
samples were then blended using a Waring blender (2 speed,
230V/50Hz, 1L); National, Japan to homogenize the
samples.

Table 1: Selected Malaysian local fruits

Botanical Name Common/ Family
English Name
Flacourtia rukam Rokam Salicaceae
Cynometra cauliflora Namnam Fabaceae
Magnifera indica Pelam putih | Anacardiaceae
Magnifera indica Pelam padi Anacardiaceae
Spondias dulcis Kedondong | Anacardiaceae
Artocarpus heterophyllus Jackfruit Moraceae
Musa acuminata Banana Musaceae
Psidium guajava Guava Myrtaceae
Carica papaya Papaya Caricaceae
Averrhoa carambola Starfruit Oxalidaceae

C. Ash and Elements Determination

Briefly, replicate samples (approximately 5.0 g) were
weighed and dried in the oven at 115 °C for 1 hour. They
were then placed in a muffle furnace at 550 °C for 24 hour.
The ash was weighed and acid digestion method was used to
determine the elements constituents. Each sample was
digested with a mixture of HNO; (0.1M, 20 mL) and HCI (6
M, 5 mL) at the room temperature. The solution was
subsequently filtered and transferred to 50 mL volumetric
flask. All samples were then analyzed by ICP-OES with
axial viewing (Optima 4300DV, Perkin Elmer) under the
conditions as stated Table 2.

Table 2: All samples analyzed by ICP-OES with axial

viewing
RF Power (W) :1300
Plasma gas rate (Ar) (L min™) :8.0
Auxiliary gas rate (L min™) :0.2
Nebulizer gas rate (L min™) :0.55
Pipe flow rate (mL min?) 1.5
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The concentration (C) of the mineral in the samples were
then calculated using the following formula [22].

_ (a=b)xv

C X df 1)
where C means concentration of mineral in the test

sample (mg/kg), a = concentration in the experiment

solution (mg/mL), b = mean concentration in the blank

solutions (mg/mL), v = volume of the experiment solution

(mL), m = weight of the test portion

and df = dilution factor.

D. Statistical Analysis

Significance between elements was tested with one way
ANOVA using Minitab statistical software (Version 16,
Minitab Inc., USA). Differences among means were
considered significant at p < 0.05. Multivariate data of major
and minor elements in dates-flesh and dates-pits (triplicates
samples) were mean-normalized using Microsoft Excel
2007. Exploratory analysis technique using PCA was
performed on the normalized data matrix using Unscrambler
10.3 (CAMO software AS, Oslo, Norway) to identify the
relationship between samples studied and its elements
content in scores and loadings plots.

A. ANOVA

ANOVA by one way technique on dataset of ICP-OES
showed significant differences among samples of local fruit.
All analyses were carried out in triplicate and the results are
presented in Table 2 as means + standard deviation (SD).

RESULTS AND DISCUSSION

B. Minerals Concentration in Local Fruit

The elements contents of ten varieties of local fruits are
summarized in Table 2. The results showed significant
(p<0.05) differences among the 10 varieties. The pattern
concentration of minerals in samples were decreased as
follows: K> Ca> Mg >Na>Al>Fe>2Zn>Mn>Cu>Se
> Pb > Ba > Ni. Referring to [23] minerals are classified
into two types; major and minor minerals. Examples of
major minerals are Ca, K, Mg and Na which are needed by
our body in high amounts, whereas minor minerals is a
group of elements that are present or needed in human body
in very small amounts but nonetheless important for good
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health. Minor minerals include Se, Zn, Fe, Mn and Cu.
These elements can also be classified as trace minerals.

C. Macro Elements

The minerals content of samples in Table 2 showed that
K, Ca, Mg and Na are higher (15 mg/kg-2347 mg/kg) than
other components hence considered as the major elements
while Al, Fe, Zn, Mn, Cu, Se, Pb, Ba and Ni were grouped
as minor elements. K assist for muscular weakness which is
associated with malaria and also for vascular muscle such as
sclerosis. It contributes by fighting against bacteria and
cleanses the digestive system [24]. In this study, the highest
K content was measured in the banana (2347 mg/kg) and the
lowest K content was observed in pelam putih (431 mg/kg).

Variability in Ca concentration among fruit samples were
recorded with value ranging from 21.3 mg/kg to 284
ma/kg). The highest Ca content was observed in rokam (284
mg/kg), followed by kedondong (175 mg/kg) and guava
(110 mg/kg) and the lowest of Ca is recorded in starfruit
(21.3 mg/kg). There was a significance different (p<0.05)
between rokam and kedondong and insignificant different
noted between other samples in the range between 21.31
ma/kg and 95.4 mg/kg. In [25] performed the study of
minerals in fruits and stated that papaya contains high
concentration of Ca (160 mg/kg) which is within the range
of kedondong in this study. Cahave been recognized as the
essential mineral elements in producing stronger bones and
teeth. Besides that, it plays a vital role in mediating the
constriction and relaxation of blood vessels, nerve impulse
transmission, muscle contraction and secretion of hormone
like insulin [23], [26]. People who are allergic to the food
with animal- based are advised to take a supplement with
plant-based Ca [27].

Mg level was in the range between 33.8 mg/kg to 246.8
mg/kg. The highest level of Mg was recorded in jackfruit
(246.8 mg/kg) and the lowest was found in namnam (33.8
mg/kg). The concentration of Mg in jackfruit is much higher
compared to the data reported by [28] with concentration of
108.3 mg/kg. Mg plays a vital role in the absorption of Ca
and together combine for strengthening the bone to avoid
occurrence of osteoporosis [29]. Among the analysed fruit,
papaya contained 131 mg/kg of Na and significantly
(p<0.05) higher than other samples and insignificantly
different which is in the range between 15.5 mg/kg and 41.7
mg/kg.

Table 2: Concentration of macro and micro elements in the fruit samples

Samples Macro and Micro Concentration of Malaysian Local Fruits (mg/kg)
Ba Ca Cu Fe K Mg Mn Ni Pb Zn Se Al Na
0.121 +| 284 + | 0.74 + [1.982 +| 1268 + [77.09 +| 0.651+[0.103 +| 0.207 + [3.417 +/0.344 +5.244 +[25.99 +
Rokam | 0.024% | 38.97% [ 0.058® | 0.329% | 270.8* | 8.18" |0.093°°| 0.010° | 0.008® |0.471%| 0.043% | 1.295% | 6.15"
0.068 +| 67+ |0.633+[1.384 | 682 + [33.76 +/0.215 +[0.020 +| 0.159  [1.164 +/0.088 +|3.528 +[22.69 +
Namnam | 0.020° | 6.43 | 0.029" | 0.426* | 18.3 | 1.45° |0.037®| 0.010° | 0.023* (0.075%|0.035% | 0.564% | 9.52°
Pelam [0.126 +| 95+ [0.557 +]1.392 +| 431 + [64.03 +|0.608 +[0.020 %[ 0.139 + [0.712 +0.139 +|5.436 +(34.08 =+
putih | 0.046° | 3.26° |0.136"°| 0.748% | 72.0" | 2.81°* | 0.087*°| 0.011% | 0.015* |0.032%|0.023" | 0.531° | 9.75"
0.126 +| 56+ |0.799+[1.686 | 654 + [67.90 +/0.676 +[0.022 +| 0.121 + [0.978 +{0.093 +4.454 +[22.90 +
Pelam padi| 0.012% | 6.75* |0.186® | 0.065% | 121.6% | 6.47% |0.1220" 0.003" | 0.006" |0.078"|0.026% | 1.220% | 2.29"
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0.056 +| 175 + [0.963 +[1.890 +| 851 + [53.25 +[0.145 +[0.025 +[ 0.117+ [1.084 40.232 +[2.219 +[15.45 +
Kedondong| 0.024% | 24.82° |0.308* | 0.282% | 16.9°* | 4.31% |0.011%| 0.009 |0.032"°%|0.106%| 0.015" | 0.096° | 1.48"
0.086+| 84+ [1.727 +(3.048 +|2172 +|246.823.107 £]0.076 +| 0.096 + [1.696 +{0.107 +[5.017 +[32.49 +
Jackfruit | 0.008% | 5.14° | 0.092% | 0.252% | 87.1% |+ 12.44% 0.077% | 0.007% |0.017°**"|0.130°| 0.062**| 0.305° | 3.83"
0.103+| 34+ [0.594 +|3.530 +| 2347 +[222.56 |3.335 +[0.076 | 0.064 + [2.018 +/0.002 +[5.295 +[41.68 +
Banana | 0.057%|5.54 % | 0.226" | 0.953% | 218.7% |+ 27.49% 0.503? | 0.027% | 0.023%" |0.272°|0.0001¢| 0.110% | 3.69°
0.167 +| 110 + 0.584 +(1.931 +[ 1024 +[59.11 +[0.561 +]0.027 +| 0.073 + [0.895 +0.146 +| 10.911 [35.49 +
Guava | 0.089% | 59.73°| 0.027" | 0.083% | 169.2°°| 5.95% (0.011°*%| 0.003°| 0.005% | 0.027%|0.024" |+ 1.317% 3.14
0.068 +| 93+ [0.850+(2.104 +| 961 + [80.40 +]0.025 +| 0.04 + | 0.080 + [0.937 0.134 +[6.520 +| 130.79
Papaya | 0.010°| 2.58° |0.166% | 0.243% | 139.4™| 2.72° | 0.005" | 0.007**| 0.018%"|0.090%| 0.023°| 0.183" | + 4.49°
1053.9
0.116+| 21+ |1.298+(2.377+| + |95.14+(1.101 +|0.152 +| 0.043 + [3.067 +0.013 +|3.855 +|20.53 +
Starfruit | 0.076% | 3.47° |0.660%| 0.219% | 252.1°°| 8.78" | 0.186" | 0.020* | 0.015" |0.3530% 0.006" | 0.948? | 3.70°

Values in the same column with different superscript letters represent significant differences between varieties at p < 0.05

by Tukey’s test, (n=3)

The variability of Na in fruit samples relies on the soil
content [30]. Papaya acts as a fiber and found to be
beneficial in the prevention of colon cancer by binding to
the cancer causing toxins in the colon and thus keep them
away from the healthy colon cells [31]. People who are
suffering from hypertension are advisable to consume
fruit which contain high K and low in Na contents [32],
[33].

D. Micro Elements

The micro minerals composition (Al, Fe, Zn, Mn, Cu,
Se, Pb, Ba and Ni) of local fruits is presented in Table 2.
Al was observed to contain highest concentration
compared to others minerals which is in the range
between 2.22 mg/kg to 10.91 mg/kg. ANOVA revealed
insignificant difference in Al content between all the ten
samples. Trace elements and heavy metals have some
health benefits at lower concentration, but it leads to be
toxic at higher levels which cause health risk [27] for an
example Al compounds have been shown in animal
studies to have effects on the male reproductive system
and on the developing embryo.Al in the diet can present
from a number of different sources, including the
naturally presence in certain foods and crops, food
additives and from possible migration from Al containing
food contact materials. The European Food Safety
Authority (EFSA) has established the lifelong intake of
Al at a tolerable weekly intake (TWI) of 1 mg/kg body
weight [34]. Guava contains high level of Al and
significantly higher than other fruit samples. This study
shows that the highest amount of Cu was in jackfruit with
concentration of 1.73 mg/kg and the lowest content is
recorded in pelam putih (0.56 mg/kg). Recommended
Dietary Allowance (RDA) for Cu is 900 pg/day for both
adult male and female [30]. Cu is vital for human body
especially for the nervous and cardiovascular systems,
besides that, Cu plays an important role in thyroid gland
metabolism, specifically in hormone production and
absorption [35], [36]. The concentration of Cu was
insignificantly different among fruit samples with the
range between 0.56 mg/kg to 1.73 mg/kg.

Elements like Mn, Cu, Fe, Zn and Se are essential
micro minerals for all forms of life [37]. Banana is
reported to contain high level of Fe, Zn and Mn with 3.53
mg/kg, 2.02 mg/kg and 3.335 mg/kg, respectively. These
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minerals are called micro minerals as they are required in
amounts less than 100 mg/day [30]. Deficiency of Fe and
Zn in the diet is a global problem and become a great
concern in developing countries as people depend more
on vegetarian diets. Zn is responsible for vital immune
system meanwhile Fe is the intrinsic components of
hemoglobin, myoglobin and cytochrome and also helps in
the metabolic functions [38]. Hence, further study on
banana could prove its potential to be a dietary
supplement to provide Zn and Fe, especially for
vegetarians. From the results obtained, Zn concentration
was in the range between 0.71 mg/kg and 3.42 mg/kg.
Both rokam and starfruit contained 3.42 mg/kg and 3.07
mg/kg of Zn, respectively and insignificantly different.
The Zn was reported to be lower in pelam padi (0.98
mg/kg), papaya (0.94 mg/kg), guava (0.90 mg/kg) and
pelam putih (0.712 mg/kg). Meanwhile, level of Fe in all
samples were reported to be insignificantly different in
the ranges between 1.38 mg/kg and 3.53 mg/kg. It is
shown that jackfruit and banana contained high
composition of K and Fe which play preventive role in
hypertension and anemia. Lack of Fe is still becoming a
major micro nutrient deficiency worldwide with the
major thrust in the developing world. The analysis
showed the level of Fe in all samples were insignificantly
different between the range of 1.38 mg/kg to 3.53 mg/kg.
Fe, Zn, and Mn are also identified to be potential
antioxidants [39] which involve in the strengthening of
immune system. Likewise, Mg and Zn are proven to
prevent muscle degeneration, growth retardation and
bleeding disorders [40]. Meanwhile, the variability in Se
concentration among local fruits were recorded between
0.002 mg/kg to 0.344 mg/kg. Rokam recorded highest Se
concentration (0.344 mg/kg) followed by kedondong
(0.232 mg/kg) and banana (0.002 mg/kg). Starfruit
contains lowest level (0.013 mg/kg) of Se with
insignificantly different. According to [41], Se is a
potential mineral which acts as anti-cancer and crucial for
immunisation.

It is compulsory to monitor the presence and
concentrations of heavy metals, especially in herbs and
plants that have health promoting effects as they can
cause severe side effects if
consumed  directly. In
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addition, the levels of heavy metals in plants can be used
as an indicator to determine the surrounding pollution.
There are various factors that lead to the presence of toxic
metals in the environment, such as usage of organic Hg
fungicides and insecticides that contain lead arsenate, poll
ution from industrial and traffic emissions, usage of
purification mud and agricultural expedients like Cd
containing dung [27]. Pb levels ranged between 0.040
mg/kg and 0.207 mg/kg with rokam contains the highest
level while starfruit reported to contain lower
concentration. Meanwhile, the content of Ba was in the
range of 0.055 mg/kg to 0.167 mg/kg, which is revealed
by ANOVA to be not significantly different among the
samples. According to [42], the maximum daily dietary
intake of Ba for an adult is 0.72 mg/person and the results
obtained is within the permitted range. Ni is found to be
an important cofactor to various enzymes by accelerating
the normal chemical reactions in our body [43]. Ni is the
lowest element content in the samples with the highest
value is recorded in starfruit (0.152 mg/kg), followed by
rokam (0.103 mg/kg). Both jackfruit (0.076 mg/kg) and
banana (0.076 mg/kg) were insignificantly different. Ni is
exclusively used in the production of stainless steel, metal
plating (electric water heaters), coins and batteries. It also
has been reported to cause skin allergies and eczema [44].
However, no maximum acceptable limit has been set for
Ni in food. Other samples was observed to be lower in Ba
which in the range between 0.020 mg/kg and 0.043
mg/kg [27] . In the present study, low concentrations of
heavy metals (Al, Ba, Pb, Ni) were detected in all
samples (Table 2). In [45] reported the presence of heavy
metals (Cd, Co, Fe, Cu, Mn, Zn, Ni, Hg and Pb) in 42
Chinese herbal medicines are due to the contamination
occurred during the air-drying and preservation
processes. In [46] mentioned that the heavily polluted soil
condition is a significant factor in determining the heavy
metal concentration of plant materials used for medicinal
purposes [47]. It was discovered the contents of heavy
metals correlated with the industrialized regions, and they
revealed that the plants grown in an industrialized region
had higher level of heavy metals contamination compared
to the plants grown in a less- industrialized region.

E. Principal Components Analysis (PCA)

For the analysis of multivariate data, PCA is generally
used to get overview information in the data set. PCA
uses the minerals concentration for the quantitative
analysis without losing information and extract any
information related to local fruit samples [48]-[50].
Information included in variables are explained by the
latent variables, also known as components, scores or
factor. PCA also helps to plot or visual the concentrated
information with many variables into one, two or three
dimensions. Most of the information appears on the first
dimension and the most shared residual information is
shown in the second principal component (PC). Loading
plot aids in visualizing the correlation of samples and
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important variables while score plot helps in finding the
similarities and differences between the samples.

F. Macro Elements

PCA has been applied for the evaluation and
classification between local fruits and elements
concentration. The information for the above mentioned
13 elements were analyzed using PCA. PC1 covers as
much of the variation in the data as possible. PC2 is
orthogonal to the PC1 and covers as much of the
remaining variation as possible. The number of
significant principal components PCs was selected based
on Kaiser Criterion with eigenvalue higher than 1. The
obtained PCA models explained the 75% and 20% of the
data total variance. The first two components described
95% variances for all the data. The scatterplot of
components PC1 and PC2 is shown in Fig. 1. It is
interesting to note that in both cases, the score plot allows
to discriminate between the samples from different
varieties of local fruits. Fig. 1 also reveal that the fruit
samples are gathered into three groups: the first group in
the top left described the samples which are higher in Na
content (negative PC1,-0.1), the second group focused on
the bottom left indicates to contain higher Ca level
(negative PC1 and PC2) and the third group in bottom
right classified to samples which have higher K
concentration (positive PC1, 0.7 and 0.1 respectively).
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triplicate of 10 local fruit samples: (a) scores plot and
(b) loadings plot

From the plotted graph, pelam putih is observed far
away from other samples and opposite to the banana,
jackfruit and starfruit. This is due to the lowest K content
among samples which can be referred to the value of each
elements in Table 2. Banana, jackfruit and starfruit
located between 0.5 and 1.5 on the PC1 while in loadings
plot, the element of K is located between 0.7 and 0.8 on
the right PC1, thus this indicates that, banana, jackfruit
and starfruit contain high levels of K (2347, 2172, 1121
mg/kg respectively). Jackfruit, banana, starfruit contained
high Mg with concentration of 247 mg/kg, 223mg/kg and
95mg/kg, respectively as they are located at the positive
PC1. Samples that are close and near to each other can be
classified as a group.

G. Micro Elements

In order to adequately characterize the varieties and the
elements concentration of the local fruits studied, a PCA
was performed (Fig. 2). Al was explained positively by
the first principal component 1 (PC1) of the PCA, which
explains 70 % of the total variability. These parameters
were clearly related to guava, papaya, pelam padi and
pelam putih. Conversely, the negative axis of PC1 was
defined by Zn and Cu, which were related mainly for the
starfruit, rokam and kedondong. PC2 explains 18 % of the
total variability, was positively related to the content of
minerals such as Mn and Fe, which is in jackfruit and
banana and negatively associated with the kedondong,
rokam, starfruit and namnam. Elements (Ba, Ni, Se) that
are located at the center of loadings plots were contain
small amounts of concentration compared to others.
These were confirmed by referring to their values in
Table 2.
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Fig. 2: Micro elements plot of the first principal
components (PC1) versus the second principal
component (PC2) for the triplicate of 10 local fruit
samples: (a) scores plot and (b) loadings plot

V. CONCLUSION

This study contributes to the analyses of mineral
concentrations in 10 varieties of Malaysian local fruits. In
summary, the results obtained from the analysis of
mineral elements, macro and micro elements, the
following conclusions were drawn: the maximum K
values recorded for banana and jackfruit were 2347
mg/kg and 2172 mg/kg, respectively; Ca showed the
highest values in the tests performed on rokam (284
mg/kg) and kedondong (175 mg/kg). The largest Mg
concentration values were determined in jackfruit (246.82
mg/kg) and banana (222.56 mg/kg). Maximum values of
the element Na in samples were obtained in papaya
(130.79 mg/kg) and significantly different compared to
other samples. Samples that contain higher in K and
lower in Na concentration are suitable for people who are
suffering with hypertension. PCA statistical analysis,
using as input concentration values in the macro elements
led to very good correlation being obtained in samples of
fruit. PC1 had a major influence in the classification of
the samples for element K and Mg. In the groups
obtained for PC2, the principal components were
influenced by the concentration of the element Na and Ca
is located opposite to PCl. Analyzed fruit samples
showed higher assimilation for micro elements, Al, Cu,
Mn, Fe and Zn. Thus, the maximum concentration of Al
(10.91 mg/kg) in the sample was recorded in guava with
significantly different with others sample. The highest
concentration of Cu was recorded in jackfruit (1.727
mg/kg) and starfruit (1.298 mg/kg). The element Mn
showed high concentration for samples: banana and
jackfruit (3.335 mg/kg and 3.048 mg/kg respectively). A
greater assimilation of Zn in the samples were recorded in
rokam (3.417 mg/kg) and starfruit (3.067 mg/kg). The
heavy metals concentrations of the micro elements
studied did not exceed the allowable limits. Rokam is a
kind of underutilized fruit that shown to have high Ca
content compare to others fruit. Meanwhile, banana,
jackfruit, rokam, starfruit and guava contain high
potassium content respectively.
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