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ABSTRACT

Despite the advancements contributed to botanical
research, scientific attention on many Zingiberaceae plants in
spite of their numerous health-promoting applications is still
few. Existing reports mostly focus on the common species of
Zingiberaceae specifically on the rhizomes, with less emphasis
on Philippine endemic gingers such as Etlingera philippinensis
(Ridl.) R. M. Sm. In this study, the concentration of essential
elements (Fe, Cu, Zn, Ni) in Etlingera elatior (Jack) R. M. Sm.
and E. philippinensis leaves and rhizomes were determined
using atomic absorption spectroscopy. Among the essential
elements, Cu was found highest in E. elatior leaves and E.
philippinensis rhizomes. However, the identified levels of Fe,
Cu, Zn, and Ni for these two zingiberaceaes indicate that all are
below the permissible limit set by World Health Organization
(WHO) for plants. Thus, this study ventures in the exploration
of the baseline information on the essential element content of
the less studied Philippine endemic E. philippinensis.
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INTRODUCTION

Zingiberaceae plants, known as gingers, have been popular for
medicinal and culinary uses since time immemorial. Zingiberaceae family
with 53 genera and over 1,200 species is known as the largest family of the
order Zingiberales (Mahdavi et al. 2017). Etlingera is a genus belonging to the
Zingiberaceae family, which is native to the Indo-Pacific region. This genus
consists of more than 100 species that grow from sea level to the altitude of
2,500 m (Vairappan et al. 2012).

The plant torch ginger or scientifically known as Etlingera elatior
(Jack) R. M. Sm., abundantly grows in Southeast Asia (Krajarng et al. 2017).
The inflorescences of E. elatior, characterized to have a unique flavor and
aroma, are traditionally used for medicinal and culinary purposes such as in
traditional dishes like “Ulam” and “Asam laksa” in Malaysia. It has been
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further reported that the daily intake of raw inflorescence could reduce
diabetes and hypertension. Furthermore, when these are taken with bitter
leaves Vernonia amygdalina Del (Asteraceae), it is said to relieve flatulence
in postpartum women (Wijekoon et al. 2011).

Etlingera elatior contains a high amount of total phenolics, flavonoids,
and vitamin C contents (Rachkeeree et al. 2018; Sungthong et al. 2018). Both
leaves and rhizome of E. elatior exhibit antibacterial, antioxidant,
antiproliferative, and apoptotic activities (Juwita et al. 2018). The
inflorescence of E. elatior contains potassium, calcium, magnesium,
phosphorus, and sulfur (Wijekoon et al. 2011). Etlingera elatior possesses
essential oils which could be potentially used as a new source of natural
antioxidant and antibacterial in the pharmaceutical and food industries
(Abdelwahab et al. 2010). Etlingera elatior is found to contain appreciable
levels of total phenolic and total flavonoid contents. GC-MS studies resulted
in the identification of 73 compounds in the plant. Accordingly, the most
abundant components of this plant include B-pinene (24.92%) and 1-
dodecene (24.31%).

A certain species of ginger which is endemic in the Philippines is
Etlingera philippinensis. (Ridl.) R. M. Sm. with basionyms such as
Hornstedtia philippinensis Ridl., Amomum philippinense (Ridl.) Merr.,
Achasma philippinensis (Ridl.) B.L. Burttand R.M. Sm. (Newman et al. 2004).
Etlingera philippinensis reaches a height of 2—2.5 m tall. Its rhizomes are long
and creep along the soil, and have cone-shaped inflorescence (with 7-12
flowers) which either grow distantly from the main rhizome or are partially
buried in the soil (Mendez et al. 2017). This plant has a dominant reddish
color in its entire inflorescence and the flowers do not bloom altogether at the
same time (Mendez et al. 2017). High 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging activities were also observed in the water extracts of E.
philippinensis, and the plant’s extract contained alkaloids, flavonoids,
saponins, tannins and steroids (Barbosa et al. 2016). Its leaves contain
chlorogenic acid (Barbosa et al. 2017). Furthermore, this species showed high
antioxidant activity and total phenolic content (Mabini and Barbosa 2018).

Having identified the aforementioned elements found in the E.
philippinensis component is not that surprising since medicinal and some
spice plants normally contain essential and non-essential metals (Wagesho
and Chandravanshi 2015). However, having deeper understanding on the
essential element contents of plants could aid in the development of mineral
biofortification. Thus, this study aims to determine the levels of essential
metals (copper, Cu; iron, Fe; zinc, Zn; and nickel Ni) found in the leaves and
rhizomes of E. elatior and E. philippinensis and in the soil source where the
plants were grown.
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METHODS
Plant and Soil Materials Collection

Leaves and rhizomes of E. elatior (Figure 1A, B) were collected from
Purok 16 of Musuan, Maramag, Bukidnon (7°46’49”N and 125°03’29”E) while
leaves and rhizomes of E. philippinensis (Figure 1C, D) were collected from
Gutapol, Kibawe, Bukidnon (7°29’15”N and 125°03’38”E).

Figure 1. Etlingera elatior (Jack) R. M. Sm. (A) leaves and (B) rhizomes and
Etlingera philippinensis (Ridl.) R. M. Sm. (C) leaves and (D) rhizomes.

Soil samples were collected with slight modification based on the
method described by NRCS (2007). Six representative soil samples, with equal
amounts of about a standard shovel (roughly ~1 kg), were collected in a zig-
zag manner from the source field of the plant samples. Each sampling depth
was 60.96 cm deep. Each of the collected representative soil samples was
placed in a polyethylene bag, mixed, and air dried. The dried soil samples were
then thoroughly mixed. Finally, the 1 kg dried soil sample was then sent for
metal analysis.
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The collected plant samples were also placed in separate clean plastic
bags and were transported to Central Mindanao University (CMU), University
Town, Musuan, Bukidnon.

Sample Preparation

The collected leaf samples were thoroughly washed with tap water,
then rinsed with distilled water, and were air-dried for three to four weeks
under the shade at ambient temperature. In the same manner, the rhizomes
were thoroughly washed with tap water followed by distilled water, and then
peeled, grated, and lastly, air-dried. Finally, the air-dried samples were
separately powdered using a food processor and were securely stored in
correctly labelled ziploc bags.

Meanwhile, foreign debris from the collected soil samples were
removed. This was followed by the soil being pulverized and then were air-
dried for three weeks by spreading thinly on a clean surface. Once dried, the
soil samples were sifted in a 2 mm sieve and were stored in properly labelled
ziploc bags.

Digestion/Ashing and Metal Analyses of Samples

Soil samples for analysis of Fe, Cu and Zn. Soil samples (12.50 g)
were placed into a 50 ml centrifuge tube, added with 25 ml Diethylene
triamine pentaacetic acid (DTPA), and then were shaken for 1 h. The mixtures
were filtered and read in an atomic absorption spectrophotometer (AAS-
Agilent 280 Fast Sequential) (Biddle 1997).

Soil samples for analysis of Ni. One gram sample for digestion
was placed in a 250 ml flask. The sample was then heated to 95°C with 10 ml
of 50% HNO; without boiling, cooled, and was refluxed with repeated
additions of 65% HNO; until no brown fumes were given off. The solution
evaporated until the volume was reduced to 5 ml, cooled, and was gradually
added with 10 ml of 30% H.O,. The mixture was refluxed with 10 ml of 37%
HCl at 95°C for 15 min. The digestate obtained was filtered through a 0.45 um
membrane paper. The filtrate diluted to 100 ml with deionized water and was
stored at 4°C for analyses (USEPA 1996). The same procedure was conducted
to the other soil samples.

Plant samples for analysis of Fe, Cu and Zn. One gram of sample
was placed in a crucible and heated in a furnace at 500°C for 5 h, cooled, was
added with 5 ml of 6N HCI and left to stand for 1 h. The mixture was filtered
and diluted to 50 ml of distilled water. The same procedure was conducted to
the other plant samples.
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Metal analyses for the plant samples were done by using 1 ml aliquot
of plant digest solutions into 50 ml centrifuge tubes (Nalgene type) using 1 ml
volumetric pipette, adding deionized water to dilute to a final volume of 50 ml
and reading the mixture in an AAS (Agilent 280 FS) (Biddle 1997).

Plant samples for analysis of Ni. One gram of sample was placed
in a beaker and treated with a 10 ml of concentrated HNO;. The mixture was
then heated for 45 min at temperature of 90°C. The temperature was then
gradually increased to 150°C and the sample was boiled for a minimum of 8 h
to obtain a clear solution. Following this step, 5 ml of concentrated HNO4 was
added into the sample at least three times and plant digestion was continued
until the volume was reduced to about 1 ml. Afterwards, distilled water was
used to wash down the inner walls of the tube to keep it clean and the tube was
swirled throughout the digestion process to prevent loss of sample. The
sample placed inside the digestion tube was allowed to cool down, then was
additionally treated with 5 ml of 1% HNOs, and then was filtered through using
Whatman filter paper No. 42 and Millipore filter paper (<0.45 pum). The
solution was then transferred quantitatively to a 100 ml volumetric flask by
adding distilled water (Zarcinas et al. 1987; Zheljazkov and Nielson 1996).
Finally, the metal analyses were done by using Agilent 4200 Microwave
Plasma Atomic Emission Spectrophotometer (MP-AES). The same steps were
followed for each of the plant samples.

Statistical Analysis

An Analysis of variance (ANOVA) using SPSS version 24 was done to
determine the differences in the metal content of the plants’ leaves and
rhizome and in the soil where the plants grew. Also, a post hoc analysis was
done using Tukey’s Test.

RESULTS

Variable amounts of essential trace metals (Fe, Zn, Cu and Ni) were
observed among the plant and soil samples. For E. elatior that the
concentration values in plant parts and soil ranged from 0.297 to 20.849
mg kg for Fe, 1.687 to 8.317 mg kg for Zn, below detection limit to 9.682
mg kg for Cu, and below detection limit to 4.607 mg kg for Ni (Table 1).

Zinc level was highest in E. elatior soil (8.317 mg kg) followed by E.
elatior rhizome (6.493 mgkg?) and E. elatior leaves (1.687 mgkg?). Cu
content in E. elatior was significantly higher in leaves (9.862 mg kg*) than in
soil (7.193 mgkg?). Copper content in E. elatior rhizomes was below in
instrument detection limit. The rhizomes (4.607 mgkg*) of E. elatior
contained higher level of Ni than the leaves (1.726 mg kg).
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Table 1. Metal concentrations in the leaves and rhizomes of Etlingera elatior
and the soil where the plant was grown as determined using atomic absorption
spectrophotometer. The superscript indicators of the same letters within a
column implies that the sample results are not significantly different from
each other; BDL indicates below detection limit.

Sample Concentration, mg kg .
Fe 7Zn Cu Ni
E. elatior leaves 1.001" 1.687 ¢ 9.682 2 1.726 P
E. elatior rhizome 0.297¢ 6.493 P BDL 4.607 2
E. elatior Soil 20.849 2 8.3172 7.193 b BDL

Analysis of variance (ANOVA) and subsequent Tukey’s test revealed
that E. elatior leaves contain significantly higher Fe content (1.001 mg kg*)
than its rhizomes (0.297 mg kg?). Fe content in soil (20.849 mg kg*) was
significantly higher than that in the E. elatior leaves and rhizomes.

The essential elements concentration values in E. philippinensis parts
and soil ranged from 1.136 to 17.421 mg kg for Fe, 0.727 to 6.067 mg kg for
7n, 1.217 to 9.659 mg kg for Cu, and below detection limit to 4.758 mg kg for
Ni (Table 2).

Table 2. Metal centrations found in the leaves, the rhizomes of Etlingera
philipinensis, and the soil where the plant was grown as determined using an
atomic absorption spectrophotometer. Superscript indicators of the same
letters within a column implies that the results are not significantly different
with each other. Those indicated with BDL means concentrations are below
detection limit.

Sample Concentration, mg kg
Fe Zn Cu Ni
E. philippinensis leaves 1.136 P 0.727" 2.614 " 4.686 2
E. philippinensis rhizome | 1.326P 6.067 2 9.659 2 4.758 2
E. philippinensis Soil 17.4212 | 0.840P 1.217°¢ BDL

In E. philippinensis, Zn level results show that it is significantly higher
in rhizomes (6.067 mg kg*) than in the leaves (0.727 mg kg*) and that of the
soil (0.840 mg kg*) (Tables 2). Moreover, Cu content is significantly highest
in the rhizomes (9.659 mg kg) followed by those in the leaves (2.614 mg kg)
and lastly in the soil (1.217 mg kg*). Meanwhile, the leaves and rhizomes of E.
philippinensis contain similar levels of Ni.
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The ANOVA results revealed that E. philippinensis’ Fe content is
statistically comparable with the rhizomes (1.326 mg kg?) and the leaves
(1.136 mg kg) but is significantly lower than in the soil (17.421 mg kg*). Fe
content has a lower value in both leaves and rhizome samples of E.
philippinensis. However, there is high Fe presence in the soil where the E.
philippinensis samples were grown.

DISCUSSION

Rhizomes of selected ginger species such as Alpinia officinarum,
Alpinia galangal, Alpinia zerumbet, Alpinias calcarata, and Kaempferia
galangal are reported to contain quite low Cu content (0.48-2.16 ppm),
moderate Zn content (1.66-14.5 ppm), Ni content (0.130—21.02 ppm), and
high Fe content (17.23—85.50 ppm) (Indrayan et al. 2009). On the other hand,
the Cu for the E. elatior and E. phillippinensis were found to be relatively
higher than the reported range, but the Zn and Fe contents were relatively low
within the range of the other ginger species. Factors influencing the
concentrations of these metals include the plant species, the microclimate
conditions, environmental pollution, and other factors affecting the plant
growth (Mishra et al. 2006; Broadly et al. 2007).

For this study, the Fe levels in plant samples were all below the
permissible limit of 20 mg kg set by the World Health Organization (WHO)
(Shah et al. 2013). Different results, however, were observed by Rachkeeree
et al. (2018) wherein Fe was found below the detection limit in the E. elatior
flowers. Juwita et al. (2018) reported that the inflorescence of E. elatior
contained high levels of major minerals like potassium, calcium, magnesium
and phosphorus. Scientifically speaking, Fe serves to carry oxygen from the
lungs to the body tissues, in operational immune system maintenance, and to
support metabolic energy production (Gupta et al. 2014). It plays an important
role in physiological and biochemical processes. For instance, it is involved in
various enzymatic activities such as the electron transport chain in
cytochromes, in the synthesis of chlorophyll, and maintenance of chloroplast
structure and function (Rout and Sahoo 2015). Iron toxicity from foods are
rare since the body regulates iron absorption by only absorbing less iron, if the
iron stored in the body are adequate. However, ingestion of elemental iron (e.g.
supplement) with more than 60 mg kg can results in severe toxicity such as
gastrointestinal mucosa which can cause nausea, vomiting, abdominal pain,
and diarrhea leading to a severe morbidity and mortality (Yuen and Becker
2021).

Meanwhile, the results also show that the rhizome of E. elatior is a

good accumulator of Zn, suggesting that it is a good candidate for
phytoextraction or phytoremediation in heavily contaminated soils. Hence, it
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is recommended that further investigations must be conducted to determine
the ability of E. elatior and E. philippinensis to accumulate heavy metals.

Based on the results, Zn levels were all below the World Health
Organizations permissible limit of Zn in plants which is 50 mg kg (Shah et al.
2013). Zn is an immune response stimulant and membrane stabilizer, and its
deficiency leads to impaired growth and malnutrition (Indrayan et al. 2009).
Zinc (Zn) is a cofactor involved in many catalytic activities and structural
proteins in plants. It has key structural functions in the protein domains,
known as “Zn finger” domain, which interact with other molecules. The Zn
finger proteins mediate DNA binding of transcription factors and protein—
protein interactions (Cabot et al. 2019). Also, Zn is essential for many enzymes
which are needed for nitrogen metabolism, and energy transfer (Haffez et al.
2013). Intake of naturally occurring zinc in food has no evidence of adverse
effects. However, excessive intake of supplemental zinc (50-150 mg day™) is
associated with the suppression of immune response, decrease in high-density
lipoprotein (HDL) cholesterol, reduced copper status, and gastrointestinal
distress (Trombu et al. 2001)

The Cu content in the plants obtained from this study indicates that
they were below the permissible limit of Cu in plants (10 mg kg™) set by WHO
(Hasan et al. 2012). Copper is a component of cytochrome oxidase, lysyl
oxidase, and ceruloplasmin (Mills 1981). Copper, is an essential cofactor of
numerous proteins. It is known to participate in photosynthetic electron
transport, cell wall metabolism, mitochondrial respiration, hormone signaling
and oxidative stress responses. Furthermore, Cu plays a significant role in
many enzymatic activities such as Cu/Zn superoxide dismutase (SOD),
cytochrome c¢ oxidase, and polyphenol oxidase (Yruela 2005; Printz et al.
2016). However, consuming plants containing high amount of Cu could result
to great concern to health due its toxicity to humans and animals (Kabata-
Pendias and Mukherjee 2007). A high intake of Cu has been related to liver
damage (Korfali et al. 2013).

On another instance, the Ni levels for this study indicates that the
content were all below the permissible limit (10 mg kg*) of Ni in plants set by
WHO (Nazir et al. 2015). The Ni level in soil where the plant samples were
collected from was found to be below detection limit. Nickel, an essential
element, acts as an activator of many enzymes such as ureases which
hydrolyzes urea in plant tissue (Fabiano et al. 2015). It helps some plants to
protect themselves against pathogens and herbivorous insects. At higher
concentrations, however, this element is toxic to plants and other living
organisms (Harasim and Filipek 2015). Human exposure to high amount of
nickel is known to cause a variety of human health problems including allergy,
cardiovascular and kidney diseases, lung fibrosis, lung and nasal cancer (Chen
et al. 2017).
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The high level of Ni in the rhizome and leaves despite its non-detection
in the soil could be due to the ability of the plants to accumulate this element.
Most of the Ni, however, is transported to seeds during the senescence of
leaves as reported for Mimulus guttatus (Tilstone and Mac Nair 1997) and for
soybean (Cataldo et al. 1978; Sengar et al. 2008). This may explain the results
of this current study where Ni was detected in the leaves and rhizomes of E.
elatior and E. philippinensis despite their non-detection in the soil.

Generally speaking, anthropogenic activities including the burning of
fossil fuels for power generation, mining, smelting, emissions from vehicles,
disposal of household, municipal and industrial waste, steel manufacturing,
agricultural fertilizers, pesticides and cement industry accelerates the release
of heavy metals (Ni, Zn, Cu, Co, and Mo) into the environment. Subsequently,
there will be plant uptake through roots from the soil and by leaf adsorption
from air (Mishra et al. 2017).

Certainly, at a lower level, the heavy metal micronutrients are essential
elements for growth and development in both animals and plants (Tchounwou
et al. 2012). Exposure of plants to high levels of heavy metal micronutrients
usually results to several phytotoxic symptoms, such as leaf chlorosis, growth
retardation, nutrient imbalance or low nutrient uptake, decreased stomatal
conductance, inhibition of chlorophyll synthesis, reactive oxygen species (ROS)
production that causes membrane, DNA and protein damage, and distortion
of photosynthetic machineries (Arif et al. 2016; de Macedo et al. 2016). In
humans, prolonged ingestion or exposure to a high concentration of heavy
metals result to the production of free radicals that attack the DNA which
cause cellular damage and mutation leading to an array of diseases
(Jaishankar et al. 2014). Nevertheless, based on the results of this study the
levels of Cu, Ni, Zn, and Fe in both rhizomes and leaves of E. elatior and E.
philippinensis are below the permissible limit in plants as set by WHO, which
means that their presence is not harmful for consumption but instead a good
source of heavy metal micronutrients.

ACKNOWLEDGMENTS
The researchers are grateful to the CMU administration for the
financial support and the University Research Office for facilitating the

conduct of this research, and for the anonymous reviewers for patiently
correcting this paper.

The Palawan Scientist, 13(2): 87-100
© 2021, Western Philippines University

95



Barbosa et al.: Essential elements in Etlingera spp.

REFERENCES

Abdelwahab SI, Zaman FQ, Mariod AA, Yaacob M, Abdelmageed A, Hassan A
and Khamis S. 2010. Chemical composition, antioxidant and
antibacterial properties of the essential oils of Etlingera elatior and
Cinnamomum pubescens Kochummen. Journal of the Science of Food
and Agriculture, 90(15): 2682-2688.
https://doi.org/10.1002/jsfa.4140

Arif N, Yadav V, Singh S, Singh S, Ahmad P, Mishra RK, Sharma S, Tripathi
DK, Dubey NK and Chauhan DK. 2016. Influence of high and low
levels of plant-beneficial heavy Metal Ions on Plant Growth and
Development. Frontier of Environmental Science, 4: 69
https://doi.org/10.3389/fenvs.2016.00069

Barbosa GB, Jayasinghe NS, Natera SH, Inutan ED, Peteros NP and Roessner
U. 2017. From common to rare Zingiberaceae plants-A metabolomics
study using GC-MS. Phytochemistry, 140: 141-150
https://doi.org/10.1016/j.phytochem.2017.05.002

Barbosa GB, Peteros NP and Inutan ED. 2016. Antioxidant activities and
phytochemical screening of Amomum muricarpum, Hornstedtia
conoidea and Etlingera philippinensis. Bulletin of Environment,
Pharmacology and Life Sciences, 5(8): 22-32.

Biddle GL. 1997. Selected methods for soil and plant chemical analysis in A
chemical laboratory manual for ACIAR project 9414. Department of
Agriculture, The University of Queensland, QLD 4072, Australia. 9-
22pp.

Broadley MR, White PJ, Hammond JP, Zelko I and Lux A. 2007. Zinc in plants.
New Phytologist, 173: 677—-679. https://doi.org/10.1111/].1469-
8137.2007.01996

Cabot C, Martos S, Llugany M, Gallego B, Tolra R and Poschenrieder C. 2019.
A role for zinc in plant defense against pathogens and herbivores.
Frontiers in Plant Science, 10: 1171.
https://doi.org/10.3389/fpls.2019.01171

Cataldo DA, Gerland PR and Wildung RE. 1978. Nickel in Plants: Uptake
kinetics using intact soybean seedlings. Plant Physiology, 62: 566-570.

Chen QY, Brocato J, Laulicht F and Costa M. 2017. Mechanisms of Nickel
Carcinogenesis. In: Mudipalli A and Zelikoff J (eds). Essential and
Non-essential Metals. Molecular and Integrative Toxicology. Humana
Press, Cham, pp. 181-197. https://doi.org/10.1007/978-3-319-55448-
8 8

de Macedo FG, Bresolin JD, Santos EF, Furlan F, Lopes da Silva WT, Polacco
JCand Lavres J. 2016. Nickel availability in soil as influenced by liming
and its role in soybean nitrogen metabolism. Frontiers in Plant Science,
7:1358. https://doi.org/10.3389/fpls.2016.01358.

The Palawan Scientist, 13(2): 87-100
© 2021, Western Philippines University

96


https://doi.org/10.1002/jsfa.4140
https://doi.org/10.3389/fenvs.2016.00069
https://doi.org/10.1016/j.phytochem.2017.05.002
https://doi.org/10.1111/j.1469-8137.2007.01996
https://doi.org/10.1111/j.1469-8137.2007.01996
https://doi.org/10.3389/fpls.2019.01171
https://doi.org/10.1007/978-3-319-55448-8_8
https://doi.org/10.1007/978-3-319-55448-8_8

Barbosa et al.: Essential elements in Etlingera spp.

Fabiano CC, Tezotto T, Favarin JL, Polacco JC and Mazzafera P. 2015.
Essentiality of nickel in plants: a role in plant stresses. Frontiers in
Plant Science, 6: 754. https://doi.org/10.3389/fpls.2015.00754

Gupta S, Prasad K and Bisht G. 2014. Macro and micro minerals content in
some important Indian medicinal plants. Research Journal of
Photochemistry, 8: 168-171.
https://dx.doi.org/10.3923/rjphyto.2014.168.171

Hafeez B, Khanif YM and Saleem M. 2013. Role of zinc in plant nutrition- A
Review. American Journal of Experimental Agriculture, 3(2): 374-391.
https://doi.org/10.9734/ajea/2013/2746

Hasan Z, Anwar Z, Khattak KU, Islam M, Khan RU and Khattak JZK. 2012.
Civic pollution and its effect on water quality of River Toi at district
Kohat, NWFP. Research Journal of Environmental and Earth Sciences,
4(3): 334-339.

Harasim P and Filipek T. 2015. Nickel in the environment. Journal of
Elementology, 20(2): 525-534.
http://dx.doi.org/10.5601/jelem.2014.19.3.651

Indrayan AK, Agrawal P, Rathi AK, Shatru A, Agrawal NK and Tyagi DK.
2009. Nutritive value of some indigenous plant rhizomes resembling
ginger. Natural Product Radiance, 8(5): 507-513.

Jaishankar M, Tseten T, Anbalagan N, Mathew BB and Beeregowda KN. 2014.
Toxicity, mechanism and health effects of some heavy metals.
Interdisciplinary Toxicology, 7(2): 60-72.
https://dx.doi.org/10.2478 %2Fintox-2014-0009

Juwita T, Puspitasari IM and Levita J. 2018. Torch ginger (Etlingera elatior):
A review on its botanical apects, phytoconstituents and pharmalogical
activities. Pakistan Journal of Biological Sciences, 21: 151-165.
https://doi.org/10.3923/pjbs.2018.151.165

Kabata-Pendias A and Mukherjee AB. 2007. Trace elements from soil to
human. Springer Science & Business Media. 550pp.
https://link.springer.com/content/pdf/bfm%3A978-3-540-32714-
1%2F1.pdf

Korfali SI, Hawi T and Mroueh M. 2013. Evaluation of heavy metals content
in dietary supplements in Lebanon. Chemistry Central Journal, 7(1):
1-13. https://doi.org/10.1186 /1752-153X-7-10

Krajarng A, Chulasiri M and Watanapokasin R. 2017. Etlingera elatior extract
promotes cell death in B16 melanoma cells via down-regulation of ERK
and Akt signaling pathways. BMC Complementary and Alternative
Medicine, 17: 415. https://doi.org/10.1186/s12906-017-1921-y

Mabini JMA and Barbosa GB. 2018. Antioxidant activity and phenolic content
of the leaves and rhizomes of Etlingera philippinensis (Zingiberaceae).
Bulletin of Environment, Pharmacology and Life Sciences, 7(9): 39-44.

Mahdavi B, Wan Ahmad WY and Din LB. 2017. Antioxidant and antimicrobial
activity of the extracts from different parts of Etlingera sayapensis

The Palawan Scientist, 13(2): 87-100
© 2021, Western Philippines University

97


https://doi.org/10.3389/fpls.2015.00754
https://dx.doi.org/10.3923/rjphyto.2014.168.171
https://doi.org/10.9734/ajea/2013/2746
http://dx.doi.org/10.5601/jelem.2014.19.3.651
https://dx.doi.org/10.2478%2Fintox-2014-0009
https://doi.org/10.3923/pjbs.2018.151.165
https://link.springer.com/content/pdf/bfm%3A978-3-540-32714-1%2F1.pdf
https://link.springer.com/content/pdf/bfm%3A978-3-540-32714-1%2F1.pdf
https://doi.org/10.1186/1752-153X-7-10
https://doi.org/10.1186/s12906-017-1921-y

Barbosa et al.: Essential elements in Etlingera spp.

(Zingiberaceae). Sains Malaysiana, 46(9): 1565-1571.
http://dx.doi.org/10.17576 /jsm-2017-4609-27

Mendez NP, Porquis HC, Sinamban EB and Acma FM. 2017. Comparative
pollen viability and pollen tube growth of two endemic Philippine
Etlingera (Zingiberaceae, Alpinioideae). Philippine Journal of
Systematic Biology, 11: 1-23.

Mishra J, Singh R and Arora NK. 2017. Alleviation of heavy metal stress in
plants and remediation of soil by rhizosphere microorganisms.
Frontiers in Microbiology, 8: 1706.
https://doi.org/10.3389/fmicb.2017.01706

Mishra S, Srivastava S, Tripathi RD, Govindarajan R, Kuriakose SV and
Prasad MNV. 2006. Phytochelatin synthesis and response of
antioxidants during cadmium stress in Bacopa monnieri L. Plant
Physiology Biochemistry, 44: 25-37.
https://doi.org/10.1016/j.plaphy.2006.01.007

Mills CF. 1981. Effects of molybdate, sulfide, and tetrathiomolybdate on
copper metabolism in rats. Journal of Inorganic Biochemistry, 14(3):
189-207. https://doi.org/10.1016/S0162-0134(00)80000-8

Nazir R, Khan M, Masab M, Rehman HU, Rauf NU, Shahab S, Ameer N, Sajed
M, Ullah M, Rafeeq M. et al. 2015. Accumulation of heavy metals (Ni,
Cu, Cd, Cr, Pb, Zn, Fe) in the soil, water and plants and analysis of
physico-chemical parameters of soil and water collected from Tanda
Dam Kohat. Journal of Pharmaceutical Sciences and Research, 7(3):
89-97.
http://www.jpsr.pharmainfo.in/Documents/Volumes/vol7issueo3/j
sr07031501.pdf

Newman M, Lhuillier A and Poulsen AD. 2004. Checklist of the Zingiberaceae
of Malesia. Bluemea. Supplement 16. 166pp.
https://repository.naturalis.nl/document/634264

NRCS (Natural Resources Conservation Service). 2007. Sampling Soils for
Nutrient Management Manure as a Resource Series. South Dakota
Cooperative Extension Service, South Dakota State University. USA. 1-
2pp. http://www.mt.nres.usda.gov/nresi44p2 051273.pdf

Printz B, Lutts S, Hausman JF and Sergeant K. 2016. Copper trafficking in
plants and its implication on cell wall dynamics. Frontiers in Plant
Science, 7: 601. https://doi.org/10.3389/1pls.2016.00601

Rachkeeree A, Kantadoung K, Suksathan R, Puangpradab R, Page PA and
Sommano SR. 2018. Nutritional compositions and phytochemical
properties of the edible flowers from selected Zingiberaceae found in
Thailand. Frontiers in Nutrition, 5: 3.
https://doi.org/10.3389/fnut.2018.00003

Rout GR and Sahoo S. 2015. Role of iron in plant growth and metabolism.
Reviews in Agricultural Science, 3: 1-24.
https://doi.org/10.7831/ras.3.1

The Palawan Scientist, 13(2): 87-100
© 2021, Western Philippines University

98


http://dx.doi.org/10.17576/jsm-2017-4609-27
https://doi.org/10.3389/fmicb.2017.01706
https://doi.org/10.1016/j.plaphy.2006.01.007
https://doi.org/10.1016/S0162-0134(00)80000-8
http://www.jpsr.pharmainfo.in/Documents/Volumes/vol7issue03/jpsr07031501.pdf
http://www.jpsr.pharmainfo.in/Documents/Volumes/vol7issue03/jpsr07031501.pdf
https://repository.naturalis.nl/document/634264
http://www.mt.nrcs.usda.gov/nrcs144p2_051273.pdf
https://doi.org/10.3389/fpls.2016.00601
https://doi.org/10.3389/fnut.2018.00003
https://doi.org/10.7831/ras.3.1

Barbosa et al.: Essential elements in Etlingera spp.

Sengar RS, Gupta S, Gautam M, Sharma A and Sengar K. 2008. Occurrence,
uptake, accumulation and physiological responses of nickel in plants
and its effects on environment. Research Journal of Phytochemistry, 2:
44-60. https://doi.org/10.3923/rjphyt0.2008.44.60

Shah A, Niaz A, Ullah N, Rehman A, Akhlaq M, Zakir M and Suleman Khan M.
2013. Comparative study of heavy metals in soil and selected medicinal
plants. Journal of Chemistry, 2013: 621265.
https://doi.org/10.1155/2013/621265

Sungthong B and Srichaikul B. 2018. Antioxidant activities, acute toxicity and
chemical profiling of torch ginger (Etlingera elatior Jack.) inflorescent
extract. Pharmacognosy Journal, 10(5): 97982.
https://doi.org/10.5530/pj.2018.5.166

Tchounwou PB, Yedjou CG, Patlolla AK and Sutton DJ. 2012. Heavy metal
toxicity and the environment. Experientia Supplementum, 10: 133-164.
https://doi.org/10.1007/978-3-7643-8340-46

Tilstone GH and Mac Nair. 1997. Nickel tolerance and copper-nickle
cotolerance in Mimulus guttatus from copper mine and serpentine
habitats. Plant and Soil, 191(2): 173-180.

Trumbo P, Yates AA, Schlicker S and Poos M. 2001. Dietary reference intakes:
vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron,
manganese, molybdenum, nickel, silicon, vanadium, and zinc. Journal
of the American Dietetic Association, 101(3): 294-301.
https://doi.org/10.1016/S0002-8223(01)00078-5

USEPA (United States Environmental Protection Agency). 1996. Method
3050B acid digestion of sediments, sludges and soils, Revision 2,
Washington, DC. 12pp.
https://www.epa.gov/sites/production/files/2015-
06/documents/epa-3050b.pdf. Accessed on 03 June 2019.

Vairappan CS, Nagappan T and Palaniveloo K. 2012. Essential oil composition,
cytotoxic and antibacterial activities of five Etlingera species from
Borneo. Natural Product Communications, 7(2): 239-242.
https://doi.org/10.1177/1934578X1200700233

Wagesho Y and Chandravanshi BS. 2015. Levels of essential and non-essential
metals in ginger (Zingiber officinale) cultivated in Ethiopia.
SpringerPlus, 4(1): 1-13. https://doi.org/10.1186/s40064-015-0899-
5.eCollection2015

Wijekoon MJO, Karim A and Bhat R. 2011. Evaluation of nutritional quality of
torch ginger (Etlingera elatior Jack.) inflorescence. International
Food Research Journal, 18(4): 1414-1420.

Yuen HW and Becker W. 2021. Iron Toxicity. In: StatPearls. Treasure Island
(FL): StatPearls Publishing.
https://www.ncbi.nlm.nih.gov/books/NBK459224/. Accessed on 16
August 2021.

Yruela I. 2005. Copper in plants. Toxic Metals in Plants, 17(1): 145-146.
https://doi.org/10.1590/S1677-04202005000100012

The Palawan Scientist, 13(2): 87-100
© 2021, Western Philippines University

99


https://doi.org/10.3923/rjphyto.2008.44.60
https://doi.org/10.1155/2013/621265
https://doi.org/10.5530/pj.2018.5.166
https://doi.org/10.1007/978-3-7643-8340-46
https://doi.org/10.1016/S0002-8223(01)00078-5
https://www.epa.gov/sites/production/files/2015-06/documents/epa-3050b.pdf
https://www.epa.gov/sites/production/files/2015-06/documents/epa-3050b.pdf
https://doi.org/10.1177/1934578X1200700233
https://doi.org/10.1186/s40064-015-0899-5.eCollection2015
https://doi.org/10.1186/s40064-015-0899-5.eCollection2015
https://www.ncbi.nlm.nih.gov/books/NBK459224/
https://doi.org/10.1590/S1677-04202005000100012

Barbosa et al.: Essential elements in Etlingera spp.

Zarcinas BA, Cartwright B and Spouncer LR. 1987. Nitric acid digestion and
multi-element analysis of plant material by inductively coupled plasma
spectrometry. Communications in Soil Science and Plant Analysis, 18:
131-146. https://doi.org/10.1080/00103628709367806

Zheljazkov VD and Nielson NE. 1996. Effect of heavy metals on peppermint
and cornmint. Plant Soil, 178: 59—66.
https://doi.org/10.1007/BF00011163

ARTICLE INFO

Rece'l'ved: 10 January 2020 Role of authors: GBB - Conceptualized the study,
Revised: 04 January 2021 supervised the sampling and laboratory assay,
Accepted: 30 September 2021 interpreted the data, wrote the manuscript; CVA
Auvailable online: 16 November 2021 — conducted the sample collection and

preparation, facilitated the laboratory analyses,
and wrote the manuscript; AGG — Supervised the
sampling and laboratory analyses, guided the
data analysis, and revised and improved the
manuscript.

The Palawan Scientist, 13(2): 87-100
© 2021, Western Philippines University

100


https://doi.org/10.1080/00103628709367806
https://doi.org/10.1007/BF00011163

