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ABSTRACT--- Dates (Phoenix dactylifera L.) is one of
mankind’s oldest cultivated plants. It is known to be the most
important fruit tree particularly in the Middle Eastern and Asian
countries due to its natural sources of nutrition. The element
composition of 10 commercially available dates and its pit
samples purchased from local market were determined and
evaluated using multivariate analysis technique. Samples were
digested using nitric acid and hydrochloric acid and analyzed
using  Inductively  Coupled  Plasma-Optical  Emission
Spectrometry (ICP-OES). Potassium, magnesium, calcium and
sodium were found to be the major elements in both flesh and pit
samples. Comparison between minor elements in both samples
showed that the flesh samples contained higher levels of
aluminium, barium and selenium while other minor elements
were higher in the pit samples. Principal Components Analysis
(PCA) and Analysis of Variance (ANOVA) were performed on
multivariate dataset of the flesh and the pit samples separately to
observe the relationship between samples.

Index Terms: ANOVA, date fruit, inductively coupled plasma
optical emission spectroscopy (ICP-OES), mineral elements,
principal components analysis (PCA)..

I INTRODUCTION

Phoenix dactyliferal. or commonly known as the date
palm is a tropical and subtropical tree that belongs to
Palmae (Arecaceae) family and is one of the earliest plants
cultivated by humans [1], [2]. Date palms are also called
Sugar Palm (English), Nakhal (Arabic), Hurmaagaci
(Turkish), khrma(Persian), Khajur (Hindi and Urdu),
Karchuram (Tamil, Malayalam) and Karjura (Kannada).
Dates are reported to contain essential minerals such as
sodium (Na), potassium (K), phosphorus (P), calcium (Ca),
magnesium (Mg) and vitamins, for example, vitamin C and
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vitamin E [3], [4]. Some of the minerals are essential in
bone metabolism and enzymatic activity [5]. Minerals in
food can be grouped into macro (major) or micro (minor)
minerals, the macro-minerals include calcium (Ca),
phosphorus (P), potassium (K), magnesium (Mg), sodium
(Na) and chlorine (CI), while the micro-minerals include
iron (Fe), copper (Cu), cobalt (Co), iodine (l), zinc (Zn),
manganese (Mn), molybdenum (Mo), fluoride (F),
chromium (Cr), selenium (Se), nickel (Ni) and sulfur (S) [6].
The macro-minerals are required in amounts greater than
100 mg/dl and the micro-minerals are required in amounts
less than 100 mg/dl [7]. Mg, Cu, Se, Zn, Fe, Mn and Mo are
important co-factors found in the structure of certain
enzymes and are indispensable in numerous biochemical
pathways. Na, K and ClI play a crucial role in the
maintenance of osmotic balance between cells and the
interstitial fluid [5], [8]. The minor elements like Cu, Fe, Se,
and Zn have shown immunity in HIV-1 patients by lowering
the rate of progression to AIDS. The quantity of
micronutrients intake is also important for energy and
protein sources [9].

The macro and micro minerals contents in date flesh have
been reported previously by [10]-[12] with different
varieties of dates samples and the instrument used.
Inductively coupled plasma is one of the analytical
technique that is more frequently reported [13]-[16] to
analyze metals in the plant materials and food samples. In
this study, Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP-OES) was used instead of atomic
absorption spectroscopy (AAS) technique that is used
previously by several researchers in determining metals
concentration. ICP-OES has a very good detection limit for
most elements, small sample usage and many samples can
be run at a time compared to AAS. In addition, ICP-OES
has characteristics such as high reliability, high sensitivity
and relatively less affected by chemical interference [17],
[18]. In [19] measured the concentrations of K, Fe and Mg
in date fruit using ICP-OES, while in [20], [21] employed
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ICP-OES to determine the mineral profile of date fruits and
seeds, respectively in Saudi Arabia. Different techniques
and methods were used in mineral determination with
different dates samples, however, only a few varieties have
been investigated so far and very little information has been
published particularly on dates which are available in
Malaysia markets.

In elemental analysis, the results obtained are in
multivariate dataset which are huge and complex. Previous
works on date samples used basic statistic to analyze their
data, whereas in this study, one way-Analysis of Variance
(ANOVA) and Principal Components Analysis (PCA) were
used to evaluate the obtained data. PCA is a multivariate
data analysis technique for evaluation and characterization
of complex analytical data [22]. In [23] applied PCA to
evaluate the minerals content of 50 Chinese medicinal herbs
after acid digestion using flame AAS. In [24] determined the
differences between the minerals of Zhongning wolfberry
among the regions using PCA and Linear Discriminant
Analysis (LDA). Furthermore, PCA combined with cluster
analysis are useful tools to classify mineral content as shown
by [25] for fruit juices and nectars according to fruit type
and the geographical origin; and in [26] for minerals and
heavy metals contents in raw honeys from four different bee
species to distinguish the honeys by its species using AAS
and inductively coupled plasma-mass spectrometry (ICP-
MS), respectively. PCA has also been successfully used in
differentiating different grape cultivars [27] and the peel,
pulp and seed of Passifloraedulis f. flavicarpaand
Passifloracincinnata cultivated in Bahia state, Brazil based
on their mineral contents [28].

In Malaysia, dates are more desired fruit during the
Ramadan month when Muslim performing their fast. The
fruit also consumed by many people regardless of race and
religion. Prices differ by the types and grades of dates.
Suppliers in Malaysia usually import dates in bulk, repack
into small packaging and market them under different names
and prices. Unfortunately, the contents of only several
elements such as K, Ca, Mg and Fe are labeled while
information of other major and minor elements in dates is
not included. Hence, this study was conducted to measure
the elements composition in a variety of dates (and their
pits) available in Malaysia markets using ICP-OES.
ANOVA and PCA analyses provide information that will
reveal the differences between the varieties of dates and thus
allow a more informed decision among Malaysian
consumers in their selection of dates based on the quality.
The dates pits were also included in this study since they are
used as mineral sources in animal feeds or turned into non
caffeinated coffee.

1. MATERIALS AND METHODS

Chemical Reagents and Solutions

All chemical reagents were of analytical grade. Ultrapure
water (18.2 MQ.cm™) from a Milli-Q system (Millipore,
MA, USA) was used to prepare all the solutions. Stock
solutions of the elements; Aluminium (Al), Barium (Ba),
Calcium (Ca), Copper (Cu), Iron (Fe), Potassium (K),
Magnesium (Mg), Manganese (Mn), Sodium(Na), Nickel
(Ni), Lead (Pb), Zinc (Zn), Selenium (Se) (1000 mg.L™,
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Merck, Darmstadt, Germany) were used to prepare working
standard solutions by dilution with 1% (v/v) nitric acid. All
laboratories glassware used were immersed in 10% v/v of
nitric acid solution for 12hr for decontamination prior to use
and then rinsed several times with deionized water. Nitric
acid (65% v/v, Merck, Darmstadt, Germany) and
hydrochloric acid (65% v/v), were used for acid digestion.

Instrumentation

ICP-OES model Optima 4300DV (PerkinElmer Inc.,
USA) was used with axial viewing for determination of
elemental composition. The ICP-OES was set-up with the
following conditions:

RF Power : 1300 Watt
Plasma gas rate (Ar)  : 8.0 Lmin™
Auxiliary gas rate :0.2L min™
Nebulizer gas rate :0.55 L min™
Pump flow rate :1.5mL min®

Sample Preparation

Ten samples of imported date fruits (Ajwa, Medjool,
Mariami, Sunsweet, Nourina, Mabroom, Khudry, Sunseed,
Degletnour and Mesir) were purchased from a local
supermarket. The samples were stored in refrigerated bags
to prevent the proliferation of fungi and bacteria. Samples
were washed several times with deionized water to remove
any impurities and then oven dried at 50°C for 1 hour. All
the samples were blended using a, 2 speed, 230V/50Hz, 1L
of Waring blender (National, Japan) to homogenize the
samples.

Ash and Elements Determination

The samples (approximately 2.0 g) were dried in the oven
(Binder, FisherScientific, Malaysia) at 115°C for 1 hour.
They were placed in a muffle furnace (Carbolite, England)
at 550°C for 24 hours. The ash samples were taken from the
furnace and allowed to cool in desiccators provided with a
desiccant agent. After cooling, the samples were weighed
and replaced in the oven until the differences between two
successive weightings were not exceeded + 0.001 g. Acid
digestion method was used to determine elements
constituents. Each sample (2.0 g) was digested with a
mixture of HNO; (0.1 M, 20 mL) and HCI (6 M, 5 mL) at
the room temperature (25°C) [29], [30]. The solution was
subsequently transferred to a 50 mL volumetric flask and
diluted with deionized water. The amounts of elements were
analyzed using an ICP-OES. The analysis was performed in
triplicate and the results were presented in mean value +
standard deviation.

The concentration (C) of the metal in the test sample was
then calculated using the following formula:

_ (a=-b)xV

¢ df @)
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where C means concentration of elements 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 (g) and df = dilution
factor.

Data 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.

11. RESULTS AND DISCUSSION

A. Analysis of Variance (ANOVA)

ANOVA by one way technique on dataset of ICP-OES
showed significant differences among samples in dates-flesh
and dates-pits.

B. Dates-Flesh

The major and minor elements of ten varieties of date-
flesh samples are presented in Table 1. The results showed
significant (p< 0.05) differences among several of the 10
varieties.

C. Major Elements

The content of each sample in Table 1 showed that K, Ca,
Mg and Na are higher (95 mg/kg-5623 mg/kg) than other
components hence considered as the major elements while
Al, Ba, Cu, Fe, Mn, Ni, Pb, Zn and Se were grouped as
minor elements (less than 52 mg/kg), except for Al where
the maximum value was 105.8 mg/kg in Ajwa date. Pb and
Cd were the main heavy metals in dates due to rapidly
increasing population in urban areas led to anthropogenic
activities and fossil fuel combustion. Emissions from road
traffic that uses fossil fuel, industry, agriculture, sewage
sludge, and waste incineration are the chief sources of air
pollution [31], [32]. The maximum permitted metals
contaminant in fruit products in Malaysian Food Act 1983
are Pb (2 mg/kg), Cd (1 mg/kg), As (1 mg/kg), Hg (0.05
mg/kg) and Sb (1 mg/kg) and therefore the levels of Pb in
date-flesh (0.090 mg/kg-0.534 mg/kg) is within the
permissible limit. K content of the samples was between
2823 mg/kg to 5623 mg/kg, with the highest value recorded
for Mabroom, and the lowest was observed in Medjool. The
wide range of K was similar to those reported by [33] in the
range of 3500 mg/kg to 7500 mg/kg in dates from different
varieties. K is known as an essential nutrient in maintaining
the nervous system [29]. Lack of K in body may lead to
hypokalemia and causes elevation in blood pressure [34].
Mg concentration of Nourina, Mesir, Mariami and Medjool
was in the range of 507 mg/kg to 530 mg/kg higher than
those recorded for other samples that ranged from 336
mg/kg to 493 mg/kg. Sunsweet dates registered the lowest
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content of Mg (336 mg/kg). The evaluated Mg concentration
of the date samples was within the range and comparable to
the Mg content in date fruits from different origins as
reported by others. In [29] reported the concentration of Mg
in dates was 480 mg/kg to 530 mg/kg; in [33] mentioned
that the Mg concentration of their date samples was 262
mag/kg to 2250 mg/kg, while in [35] reported Mg
concentration of 560 mg/kg to 600 mg/kg. Variability in Ca
concentration among the date samples was recorded with
values ranging from 343 mg/kg to 870 mg/kg. Ajwa dates
recorded highest Ca concentration (870 mg/kg) followed by
Mariami dates (707 mg/kg). The lowest Ca content was
recorded for Mesir date (343 mg/kg). The Ca concentration
of the studied dates was comparable to the dates from
previous studies. In [33] reported Ca concentration of 249
ma/kg to 1100 mg/kg. In 29] reported Ca concentration of
480 mg/kg to 530 mg/kg, while in [36] reported Ca
concentration of 12 mg/kg to 800 mg/kg. In contrast, higher
concentration of Ca in dates was recorded by [19] with
values 1230 mg/kg to 1870 mg/kg and in [35] reported Ca
concentration of 1330 mg/kg to 2070 mg/kg for dates from
different countries. Ca works together with Mg and help in
bone development and energy metabolism [19]. Na
concentration of 10 samples was in the range between 95
mg/kg for Khudry to 473 mg/kg for Ajwa dates. People who
are suffering from hypertension are advisable to consume
dates due to its high K and low Na content.

D. Minor Elements

Limited information reported on the Al content in date
fruit, which it can be described as a heavy metal. Trace
elements and heavy metals have certain health benefits at
lower concentrations, but at higher levels, they can be toxic
and pose health risks [14]. The European Food Safety
Authority (EFSA) has established for the lifelong intake of
Al at a tolerable weekly intake (TWI) of 1 mg/kg body
weight [36]. Al was detected present in the samples in the
range of 16.5 mg/kg to 106 mg/kg. Ajwa dates were
recorded to contain 106 mg/kg and significantly (p<0.05)
higher than other dates samples. Medjool dates contain 51
mg/kg and Mariami contain 48 mg/kg of Al Low Al
concentration was recorded for Khudry (16.5 mg/kg) similar
to that reported by [37] which was in the range of 15.2
mg/kg to 16.7 mg/kg. The Ba concentration of date samples
ranged between 0.115 mg/kg to 0.86 mg/kg and Ajwa dates
recorded significantly (p<0.05) high Ba content (0.86
mg/kg), while other samples were in the range between
0.115 mg/kg to 0.45 mg/kg. Ba compound is widely used in
industrial application such as in the production of plastics,
textile and rubber [38]. Ba can be found naturally in
drinking water and food, usually at low levels but it is not
considered to be an essential element for human health. In
[39] reported maximum daily dietary intake of barium for
adults as 0.72 mg/person. The concentration of Ba in date
samples is within the permitted range as humans consume
small amount of dates per day, example Ba content in 200 g
of Ajwa dates is only 0.172 mg. Cu is vital for human body,
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especially for the nervous and cardiovascular systems. The
obtained results was in the range value of 0.7 mg/kg-7.7
mg/kg and 2.7 mg/kg-7.9 mg/kg as reported by [33], [40]
respectively, but higher levels was reported by [41] (12
mg/kg-727 mg/kg) and in [42] (8.9 mg/kg-18.6 mg/Kkg).
Maximum concentration values in Cu were obtained in
Medjool (6.23 mg/kg) and Khudry (5.88 mg/kg) samples,

while minimum concentrations of Cu were noted in
DegletNour (1.86 mg/kg) and Mabroom (2.98 mg/kg)
samples. The tolerable upper intake level for adults is 10
mg/day [43]. The concentration of Cu in date samples is
within the permissible range. Iron deficiency is considered
as the number one nutritional disorder in the world by the
World Health Organization (WHO).

Table 1: The elements concentration of dates-flesh and pits

Sample Concentration of Dates (mg/kg)
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The Fe concentration of Mesir and Ajwa were 17.61
mg/kg and 16.42 mg/kg, respectively and higher than the Fe
content of Sunseed (8.12 mg/kg), Sunsweet (8.08 mg/kg),
Khudry (7.68 mg/kg) and DegletNour (7.52 mg/kg). The
results of Fe concentration were within the range reported
by others. In [33] reported the Fe content of 2.1 mg/kg-16.2
mg/kg, while in [34] reported the Fe content of 8.5 mg/kg-
72 mg/kg. In contrast, higher Fe content of 40.6 mg/kg-69.1
mg/kg [41] and 32.1 mg/kg-52.6 mg/kg [35] were observed
in dates from different countries. Mn concentrations of date
samples ranged between 1.37 mg/kg and 5.02 mg/kg. High
Mn content was recorded for Egypt dates, and the lowest
Mn concentration was observed in Mabroom dates. The Mn
concentration in the studied samples was comparable with
the previous reports. Mn concentration in ranges of 1.0
mg/kg-7.0 mg/kg and 3 mg/kg-59 mg/kg were reported by
[33], [43] respectively. In contrast, other studies reported
higher concentrations of Mn in dates from various countries
[10], [35], [40]. Mn is a crucial trace element for brain
function and metabolism of protein and carbohydrates [10],
[30]. High value of Ni in dates fruit was reported by [11]
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with the values in the range between 16.27 mg/kg and 17.85
mg/kg. In contrast, the result obtained in this study showed
that Ni was present in very low concentrations in all the date
varieties with values in range from 0.149 mg/kg (Mariami)
to 0.499 mg/kg (Mabroom). The results are within the range
of 0.071 mg/kg to 0.7 mg/kg as reported by [33]. The
highest value of Zn was determined in Mesir dates with the
concentration of 6.70 mg/kg and insignificant different
noted between other samples in the range between 3.28
mg/kg and 4.27 mg/kg. Values of Zn obtained in this study
were in agreement with the previous studies [33], [40], [42].
Zn is classified as an essential component which plays a
vital role in sustaining proper immune function. Level of Se
in all date samples were insignificantly different between
ranges 0.065 mg/kg to 0.333 mg/kg and no Se was detected
for Mesir and Nourina dates. According to [44] in their
finding, Se is one of the elements found in dates and has a
potential as anti-cancer and important in immune function.
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E. Dates-Pit

1. Major Elements

The result from ICP-OES has revealed the concentration
of minerals in dates-pit, as shown in Table 1. The major
elements in dates-pit are same as flesh, but the values are
less; K (1149 mg/kg-1908 mg/kg), Ca (186 mg/kg-284
mg/kg), Mg (538 mg/kg-717 mg/kg) and Na (113 mg/kg -
203 mg/kg). Mg was found to be higher than the dates-flesh.
Khudry dates contained 1908 mg/kg of K and significantly
(p<0.05) higher than other dates samples. Both Medjool and
Mariami contain 1492 mg/kg and 1440 mg/kg of K,
respectively and insignificantly different. The K was noted
lower in both Mabroom (1235 mg/kg) and Nourina (1149
mg/kg) samples. Variability in Mg concentration among
dates samples were recorded with values ranging from 538
mg/kg to 717 mg/kg. Ajwa dates recorded highest Mg
concentration (717 mg/kg) followed by DegletNour (647
mg/kg), Nourina (629 mg/kg) and Mesir samples (623
mg/kg). Meanwhile, the lowest Mg content was recorded for
Khudry date (538 mg/kg). Na in dates-pit is usually slightly
higher than Ca, Ajwa has proven to have the maximum
concentrations in both Na (332 mg/kg) and Ca (284 mg/kg).
Nourina sample showed the lowest level of Na (113 mg/kg),
while Sunsweet and Deglet Nour were proven to have lower
concentration Ca (186 mg/kg). There is lack of information
on the elemental compositions in other literature for dates-
pit. In the United States, date pits have been a problem to
the date industry as a waste stream. Pulverized ground date
pits are being used on a small scale, on dirt roads as a type
of road base gravel. However, finding a way to make a
profit on the pits would benefit date farmers substantially
[45].

2. Minor Elements

The minor elements such as Fe, Cu, Zn, Mn, Pb, Ni and
Se of dates pit for the 10 varieties are presented in Table 1.
Fe value was the highest, followed by Cu, Zn, Mn, Pb and
Ni. Fe concentration ranges between 11.17 mg/kg and 79.96
mg/kg with the highest value observed in sample Ajwa,
while no significant difference was observed in the others
sample. Cu ranged between 6.67 mg/kg and 39.93 mg/kg;
Mesir had the lowest level of Cu while Medjool showed the
highest level of Cu. There is no significant difference in Cu
content between Sunseed, Sunsweet, DegletNour and
Mabroom. Ajwa, Mariami and Mesir are among the samples
with the lower Cu content. The analysis showed highest
level of Zn (36.3 mg/kg) was present in sample Medjool and
lowest level (11.58 mg/kg) was found in sample Mariami.
ANOVA revealed insignificant difference in Zn content
between samples Nourina, Mesir, Ajwa and Mariami which
is in the range between 11.58 mg/kg and 13.41 mg/kg. Ajwa
showed the highest level of Mn (10.87 mg/kg) and Medjool
had the lowest content (5.89 mg/kg) while other samples
were proven to have insignificant difference in the range of
6.87 mg/kg-7.71 mg/kg (Mabroom, Sunseed and
DegletNour) and 8.9 mg/kg-9.66 mg/kg (Sunsweet, Ajwa,
Khudry, Mariami and Nourina). Se was detected to be
insignificantly different between concentration 0.037 mg/kg
to 0.125 mg/kg for samples Mesir, Medjool and Marimi
while the presence of Se was not detected in other samples.
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Other minor elements that were observed higher in
decreasing order are Al, Pb, Ni and Ba. Al ranged between
2.62 mg/kg and 15.13 mg/kg; Ajwa sample showed the
highest level of Al (15.13 mg/kg) and significantly different
compared to other samples while the lowest value of Al was
observed in Medjool sample (2.62 mg/kg). Ba levels ranged
between 0.05 mg/kg and 0.23 mg/kg with Ajwa contains the
highest level and other samples were proven to be
insignificantly different with range 0.05 mg/kg to 0.15
ma/kg. The content of Pb in dates-pit was in the range of
0.10 mg/kg to 1.58 mg/kg, which is within the permissible
level. The highest level of Pb was found in Medjool while
Ajwa shown the lowest value. Pb was not detected in
Mariami and Mesir samples. Ni level was found to be
highest in Medjool (6.62 mg/kg) and lowest in Ajwa (0.34
mag/kg).

3. Principal Components Analysis (PCA)

The similarities of dates-flesh and dates-pit for major and
minor elements in Table 1 were well observed using
Principal Components Analysis (PCA).

F. Dates-Flesh

1. Major Elements

The first principal component (PC1) and second principal
component (PC2) accounted 90% and 7% of variance,
respectively, was obtained after PCA was performed on the
data matrix for major elements in dates-flesh samples (Table
1). The scores and loadings matrices obtained from PCA
were used to create scores and loading plots of PC1 versus
PC2 of the major elements in dates-flesh as shown in Fig. 1.
Scores plot explains the distribution among the samples
whereas the loadings plot explains the effect of elements on
the distribution of samples. Samples that are closed together
in scores plot have the similarities. The scores plot shows
that Ajwa, Medjool and Mesir are located between 0.6-1.6
on the right side of PC1 while in loadings plot, the element
of Ca, Mg and Na are located around 0.25 on the right side
of PC1. Thus, this indicates that Ajwa, Medjool and Mesir
are significantly different from other samples which
contained high level of Ca, Mg and Na. The confirmation
was made by referring the value (mg/kg) of each element in
Table 1 where Ajwa (870, 493, 473), Medjool (583, 530,
240) and Mesir (343, 517,390) for Ca, Mg and Na,
respectively. The same way can be used to determine the
composition of other samples for K. It can be seen that other
samples are located on the left side of PC1 in the scores plot
especially Mabroom (-1.2) where it can be correlated with
the high level of K in the loadings plot. Mabroom and
Sunsweet contained 5623 mg/kg and 3612 mg/kg of K,
respectively. Composition of K in Medjool and Mesir were
found to be lower than Sunsweet but not for Ajwa where it
recorded 3873 mg/kg which is slightly higher than
Sunsweet. Mariami has high values of Ca (707 mg/kg) and
Mg (522 mg/kg), however it is classified in the group which
contain highest amount of K (5457 mg/kg).
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Fig. 1: Major elements plot of the first principal
components (PC1) versus the second principal
component (PC2) for the triplicate of 10 dates —flesh
samples: (a) scores plot and (b) loadings plot

2. Minor Elements

Similarly, the scores and loadings matrices obtained from
PCA were used to create scores and loading plots of PC1
(97% variance) versus PC2 (2% variance) of the minor
elements in dates-flesh as shown in Fig. 2. Ajwa, Medjool,
Mesir and Sunseed are distributed on the positive values of
PC1 in the scores plot. Loadings plot shows that Al and Fe
located at approximately 1 and 0.15, respectively on PC1.
Thus, it can be concluded that the samples contained high
values (mg/kg) of Al and Fe; Ajwa (105.8, 16.43), Medjool
(51.2, 11.89), Mesir (42.6, 17.61) and Sunseed (41.2, 8.12)
respectively. However, it was observed that Sunseed is
closely located with other samples due to its lowest value of
Fe compared with Ajwa, Medjool and Mesir. Sunseed and
other samples located at the center in the scores plot indicate
that the contents of Cu, Zn and Mn; and followed by Ba, Ni,
Pb and Se are closely similar. These were confirmed by
referring to their values in Table 1.
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Fig. 2: Minor elements plot of the first principal
components (PC1) versus the second principal
component (PC2) for the triplicate of 10 dates —flesh
samples: (a) scores plot and (b) loadings plot

G. Dates-Pit

1. Major Elements

The relationship between samples with major elements
was observed by mapping the position of Mg, Na, Ca and K
on PC1 of loadings plots with distribution of samples in
scores plots as shown in Fig. 3, where PC1 and PC2
accounted 82% and 15% variance respectively in PCA
model. The high content of those elements can be related to
samples such as Ajwa to Na; Medjool and Ajwa to Ca; and
Nourina to Mg. Thus, it can be seen that the values (mg/kg)
of Mg, Na and Ca were high in Ajwa (717, 332, 284),
Medjool (614, 203, 273) and Nourina (629, 113, 208)
respectively. While, K was observed high level in Khurdy
(1908 mg/kg).
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Fig. 3: Major elements plot of the first principal
components (PC1) versus the second principal
component (PC2) for the triplicate of 10 dates —pits
samples: (a) scores plot and (b) loadings plot

2. Minor Elements

The relationship of samples and minor elements in dates-
pit was observed in scores and x-loadings plots as shown in
Fig. 4. Ajwa was found high in Fe (79.96 mg/kg) and Al
(15.13 mg/kg) whereas Medjool contained high levels of Cu
(39.91 mg/kg) and Zn (36.33 mg/kg). It was found that
Khudry located close to Medjool as its Cu and Zn levels
were 33.82 mg/kg and 31.13 mg/kg respectively, which are
not much different with Medjool.  Mariami, Mesir and
Nourina were found closely located in the upper part of
scores plots which is related with Mn in x-loadings plot. The
content of Mn in respective samples was 9.57 mg/kg, 10.87
mg/kg and 9.66 mg/kg. Other samples such as Mabroom,
Negletnour, Sunsweet and Sunseed located in the middle of
scores plot were found related with Ni, Pb, Ba and Se in x-
loadings plot where their values were closely similar.
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Fig. 4: Minor elements plot of the first principal
components (PC1) versus the second principal
component (PC2) for the triplicate of 10 dates —pits
samples: (a) scores plot and (b) loadings plot

V. CONCLUSION

Hence, this study provides the elemental composition of
dates fruit according to different varieties, purchased from
Malaysia’s supermarket. Both flesh and pits were
determined for their minerals content and results revealed
that K was the most abundant element (5223 mg/kg for flesh
and 1908 mg/kg for the pit). Based on the PCA plot,
elements contained different varieties of dates sample was
able to evaluate. The major elements content in dates are K,
Mg, Na and Ca while other elements were observed in
minor concentrations. Both Ajwa pits and flesh contained
high concentration of Ca, Na and Mg. Ajwa, Medjool and
Mesir dates-flesh proven to be different from other samples
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in both major and minor elements. While for dates-pit, the
differences were showed in Ajwa, Medjool and Khudry.
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