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Mineral and heavy metal concentration of six aquatic plants possessing health promoting
effects and used in indigenous medicine (as medicinal food) were determined using Atomic
Absorption Spectroscopy. Different elemental constituents at trace levels of plant play an
effective role in the medicines prepared. A total of 11 elements Ca, Cd, Cr, Cu, Fe, K, Mg, Mn,
Na, Pb and Zn have been measured. Their concentrations have been found to vary in different
samples. Result of the present study provides vital data on the availability of some essential
minerals, which can be useful to provide dietary information for designing value —added foods
and for food bio fortification. Apart from this, data on the contaminated levels of heavy metals
highlights the necessity on the quality and safety concerns about their use. Medicinal properties
of these plant samples and their elemental distribution also correlated.
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Introduction

All human beings required sufficient food for growth, development and to
lead an active and healthy life and it depends upon the quality and quantity of
foodstuff he or she is able to include in his regular diet. The quality of food
depends upon the presence of relative concentration of various nutrients such as
proteins, fat, carbohydrate, vitamins and mineral. Plant materials form a major
portion of their diet: their nutritive value is important. Nutrition plays a critical
role in wellness, by not only providing essential nutrients, but also promoting
good health and preventing diseases (Willet, 1994).
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Traditional wild vegetables contain a number of organic photochemical
have been linked to the promotion of good health. In many tropical countries,
rural people traditionally harvest wide range of leafy vegetables, roots, tubers,
fruits from wild because of its taste, cultural uses, as food supplements or to
tide over food shortage (Mahapatra et al., 2012). Among alternatives available
to meet the food demands cultivable and wild vegetables are cheep source of
food for the marginal communities (Hussain et al., 2009a). Wild plants have
been recognized to have potential to meet household food and income security
(Guinand and Dechassa, 2000; Kebu and Fassil, 2006). To apprehend the
situation, interests have been centralized on the exploitation, quantification and
utilization of food plants, especially the vegetables (Dini et al., 2005).

Vegetable being the rich source of carbohydrates, fats and proteins, which
form the major portion of the human diet, are the cheaper source of energy.
Various scientists (Sreedevi and Chaturvedi, 1993; Mathews et al., 1999; Kalita
et al., 2007) have recorded the importance of these biochemical’s. Besides
these biochemical’s, the moisture, fiber, and ash contents and the energy values
of individual vegetable and plant species have also been regarded important to
the human health. The wild plant species have antibacterial, hepatoprotective
and anticarcinogenic properties, and therefore having medicinal values (Bianco
et al., 1998). Trace element and heavy metals have certain risks (Schumacher et
al., 1991) thus it is important to determine the levels of these compounds in
common, popular, and widely used herbal plants. In general, information on
edibility and therapeutic properties of wild plants is scanty but data on their
nutritional composition and mineral content is negligible (FAO, 1984; Aloskar
etal., 1992).

Aquatic plants grow profusely in lakes and waterways all over the world
and have in recent decades their negative effects magnifies by humans intensive
use of natural water bodies. Eradication of this water plants are has proved
almost impossible and even reasonable control is difficult. Several authors
(Banarjee and Matai, 1990; Boyd, 1968) have emphasized the potential of
aquatic plants as food and feed. Large growths of aquatic plants in lakes and
waterways of tropical countries, although a menace, represent a natural
resource of green leaves (NAS, 1983). With increasing interest in finding new
alternatives food sources, the wild or unutilized plants receive more attention
that offers a good scope to meet the increasing demand for vegetable protein,
carbohydrate, natural antioxidants, polyphenols etc. These plants could be
useful components of the diet, especially for rural families since the plants are
abundant and collection for food would be a relatively easy task.
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Materials and methods
Sample preparation

Certain traditional plants (6 species) used by local tribal community of
state Tripura collected from wild condition. The sample collected were air dried
at room temperature and ground into fine powder in a mortar and pestle to
avoid chromium contamination from stainless steel utensils. The powder placed
temporarily in airtight polythene pouches until further analysis. The identity of
plant materials confirmed with assistance from local practitioners and botanists.

Apparatus

The most commonly used techniques for qualitative and quantitative
determination of minerals in food samples are atomic absorption spectrometry
(AAS) (Dean and Ma, 2008; Dolan and Capar, 2002; Zafar et al., 2010). In the
present study, the minerals and heavy metal content of the powdered samples
were determined through AAS Perkin Elmer 3110 at Sophisticated Analytical
Instrumental Facility Centre, North Eastern Hill University, Shillong following
AOAC (1990) method.

Chemical analysis

The minerals [calcium (Ca), cadmium (Cd), chromium (Cr), copper (Cu),
iron (Fe), lead (Pb), magnesium (Mg), manganese (Mn), potassium (K), sodium
(Na), and zinc (Zn)] contents of the powdered samples was determined. Briefly,
a known amount of the sample was digested with a mixture of concentrated
nitric acid, sulphuric acid, and perchloric acid (10:0.5:2, v/v), and the analysis
was conducted using the All the glassware was cleaned by soaking overnight in
a 10% nitric acid solution and then rinsing three times with deionised water.
The Total Carbon and Hydrogen content was determined using CHNO Perkin
Elmer 2400 Series II Analyzer.

Results and discussions

Table 1 show the wild edible traditional hydrophytes and marsh plants of
Tripura and their part used along with their therapeutic uses. The different
biochemical analysis of the different wild edible aquatic plants presented in
(Tab 2). The mineral contents in these six vegetables showed that potassium
was the most abundant secondary macro element present, ranging from 9.19
ppm (Monochoria vaginalis) to 1.72 ppm (Euryale ferox seed) K is important
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in for its diuretic nature and Na plays an important role in the transport of
metabolites. The ration of K/Na in any food is an important factor in prevention
of hypertension arteriosclerosis, with K depresses and Na enhances blood
pressure (Saupi et al., 2009).The ration of K/Na is significant in Neptunia
prostrata (27), Monochoria vaginalis (7.67), Euryale ferox aril ( 7.19) and
compared with leafy vegetables (Cabbage 17.5, beet 3.9). In the present study
K/Na, also show positive relation. The Mg content of the studied plant taxa
varied from 3.028 ppm (Monochoria vaginalis) to 1.037 ppm (Euryale ferox
seed). In humans, Mg is required in the plasma and extra cellular fluid, where it
helps in maintaining osmotic equilibrium. It is required in many enzyme —
catalysed reactions, especially those in which nucleotide participate where the
reactive species is the magnesium salt, e.g., MgATP*Lack of Mg is associated
with abnormal irritability of muscle and convulsions and excess Mg with
depression of the central nervous system. The range of Fe in the studied plant
varies from 0.15 ppm to 11.88 ppm. The permissible limit set by FAO/WHO
(1984) in edible plants was 20 ppm. Fe is necessary for the formation of
haemoglobin and also plays an important role in oxygen and electron transfer in
human body (Kaya and Incekara, 2000) and normal functioning of the central
nervous system and in the oxidation of carbohydrates, proteins and fats
(Adeyeye and Otokiti, 1999).The occurrence of anaemia in Fe deficiency may
probably be related to its role in facilitating iron absorption and in the
incorporation of iron into haemoglobin (FAO/WHO 1984). Neptunia prostrata
exhibit higher concentrations of Ca that is 34.6 ppm than the other parts and
Euryale ferox possess minimum concentration of Ca (0.204 ppm). Ca is
important because of its role in bones, teeth, muscles system and heart
functions (Brody, 1994). The lowest concentration of Cu that is 0.0011 ppm
(Nelumbo nucifera) and maximum concentration estimated 0.138 ppm
(Monochoria hastata). The permissible limit set by FAO/WHO (1984) in edible
plants was 3.00 ppm. After comparison, metal limit in the studied medicinal
plants with those proposed by FAO/WHO (1984) it is found that all plants
accumulate Cu below this limit. In the present study, only Monochoria
vaginalis found to contain Cr (0.001 ppm). Chronic exposure to Cr may result
in liver, kidney and lung damage (Zayed and Terry, 2003).The absence of Cr in
most of the studied species indicate their food safety value. Among the
investigated edible plants Euryale ferox seed exhibits higher concentration of
Pb 0.17 ppm while Monochoria vaginalis contains minimum amount of Pb
0.021 ppm. Most of the studied taxa contain Pd below the permissible level se
by FAO/WHO (0.43 ppm). However, for medicinal plants limit was 10 ppm set
by China, Malaysia, Thailand and WHO. Pb causes both acute and chronic
poisoning, and poses adverse effects on kidney, liver, vascular and immune
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system (Heyes, 1997). The range of Mn varied between 3.386 ppm in
Monochoria vaginalis to 0.016 ppm in Nelumbo nucifera. Except Monochoria
vaginalis all other investigated taxa accumulate Mn below the permissible limit
set by FAO/WHO (1984) limit in edible plants. However, for medicinal plants
the WHO (2005) limits yet not been established. Cd causes both acute and
chronic poisoning; adverse effect on kidney, liver, vascular and immune system
(Heyes, 1997).In the studied plant Cd concentration ranged from 0.111 ppm in
Euryale ferox aril to 0.026 ppm in Euryale ferox seed. The permissible limit set
by FAO/WHO (1984) in edible plant was 0.21 ppm. However, for medicinal
plants the permissible limit for Cd set by WHO is, China and Thailand was 0.3
ppm. The low concentration of Cd in all the investigated taxa also indicates
their safety. Among the studied taxa, Neptunia prostrata contain the highest
amount of Zn (4.87 ppm). The positive impact of zinc supplementation on the
growth of some stunted children, and on the prevalence of selected childhood
diseases such as diarrhoea, suggests that zinc deficiency is likely to be a
significant public health problem, especially in developing countries (Osendarp
et al., 2003; Sian et al., 2002; Hussain et al., 2009 a, c). According to FAO’s
food balance data about 20% of the world’s population could be at risk of zinc
deficiency. A correlation analysis was performed to investigate the
relationships between the element concentrations in traditionally used aquatic
samples. The data were subjected to statistical analysis, and Tab. 3 reports the
correlation matrix (r) between major- and minor-elements for 11 variables.
Some of the variable show positive correlation while some others show
negative correlation. Fe and Cr, Zn and Ca show highly significant positive
correlation.

Table 1. Wild edible traditional hydrophytes and marsh plants of Tripura

Botanical Name (& code name) Family Part Used  Therapeutic uses
Euryle ferox Salisbury ; (EUFa) Nymphaeaceae Aril Gonorrhoea

Euryle ferox Salisbury ; (EUFs) Nymphaeaceae Seed Skin disorder
Monochoria hastata (L.) Solm ; Pontederiaceae Young Decoction is used in
(MOH) Shoot nausea

Monochoria vaginalis (Burm.f) Pontederiaceae Young Gastritis and
Presler ; (MOV) shoot Asthma

Nelumbo nucifera Gaertner ; ( Nymphaeaceae Petiole Digestive disorder
NEN)

Neptunia prostrata (Lamarck) Mimosaceae Shoot Used in renal
Baillon ; ( NEP) disorder.

Nymphaea rubra Roxburgh ex Nymphaeaceae Petiole Used to increase
Andrews ; (NYR) haemoglobin level
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Table 2. Concentration of mineral contents (ppm) of selected wild edible
traditional hydrophytes and marsh plants of Tripura

Mineral Plant Code Name

Content (ppm) EUFa EUFs MOH MOV NEN NEP NYR
Cu 0.100  0.058 0.138 0.052 0.0011 0.016 0.043
Fe 0.30 0.058 1.68 11.88 1.57 0.505 043
Cr ND ND ND 0.001 ND ND ND
Pb 0.060 0.17 0.031 0.021 0.10 0.07 0.10
Mn 0.114 0.028 1.512 3.386 0.016 1.912 0.022
Cd 0.111 0.026 0.060 0.063 0.042 0.028 0.035
Ca 0.279 0279 2.752 0.786 0.639 346 1.504
Mg 2.149 2.149 2.552 3.028 1.554 2.17 1.758
Na 1.558 1.558 3.760 1.198 2.140 02 2.124
K 8.33 8.33 8.01 9.19 496 54 4.67
Zn 0.268 0254 0.330 0.269 0.095 4.87 0.246

Table 3. Correlation coefficient between major- and minor- element
concentrations of selected wild edible traditional hydrophytes and marsh plants
of Tripura

Cu Fe Cr Pb Mn Cd Ca Mg Na K Zn
Cu 1.0000
Fe -.0383 1.0000
Cr -.0587 9890*** 1.0000
Pb -.3786 -5675 -.5057 1.0000
Mn .0582 8144* .7980%* -7112 1.0000
Cd 5786 1619 .1610 -.5398 0336 1.0000
Ca -.3595 -1931 -.1751 -.1086 3208 -.3651 1.0000
Mg 4746 7461 7536 -.6174 .8523*%% 2865 -.0078 1.0000
Na 6259 - 1418 -.2404 -.1465 -.2432 1575 -.5965 -.0311 1.0000
K 6361 4854 5138 -2742 4070 5165 -.3759 7991% .0913 1.0000
Zn -.3614 -.1859 -.1601 -.0928 3207 -3462  .9981*** 0063 -.6360  -.3442 1.0000

(¥**p<0.0001;** p<0.01; * p<0.05)
Conclusion

Aquatic plants have economic and environmental uses depending on their
natural characteristic. Some of them are consume in human diet while other
species have medicinal value and still other species are good resource of
mineral and vitamin (Vasu et al., 2009). Data obtained from wild edible plants
show that they have a very high nutritional potential. Therefore, it is of utmost
importance to promote the use of those non-conventional plants as foodstuff.
Rahman et al. (2007) revealed that because of rich content of carbohydrates,
proteins in aquatic plants they can be utilize as food, and feed (Dewanji, 1993)
indicated that leaf protein extracted from unwanted aquatic plants could be used
for food and feed purposes. The elements Fe+2, K, Mg+2, Na', Ca+2, , Mn+2,
Zn™* and Cu™ have been classified as essential elements, Cr™ are possibly
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essential while Cd™, Pb™ are non essential elements for the human body. The
researchers are trying to link the contents of the trace elements and medicinal
values of the plants. Most of the studied species contains the trace below the
permissible limit (FAO/WHO 1984). The study revealed that investigated
edible plants are good source of Na, K, Ca, Mg and Fe. However, in some
cases they carry very high content of toxic metal whose main reason is the
industrial pollution and irrigation by polluted water waste (Rehman et al.,
2007, Sial et al., 2006)The mineral and heavy metal concentration reported
herein might not be on par with some of the earlier reports on medicinal plants.
The differences observed might be due to different growth conditions,
genetic factors, geographical variations in the level of soil fertility, efficiency of
mineral uptake, and the analytical procedure employed (Ozcan and Akgul,
1998).Though much is known about the functional role of a number of
elements, the best foreseeable benefit for human health, by mineral nutrition,
lies in obtaining the correct amount of supplementation in the right form at the
right time. This is for the first time that such an exhaustive work on elemental
content has been carried out on the edible medicinal aquatic plants of Tripura.
The data obtained in the present work will be useful in synthesis of new herbal
drugs with various combinations of plants, which can be used in the treatment
of different diseases at global level generally and in Tripura, India particularly.
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