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1. Introduction

  Indian diet is primarily vegetarian and consists of various 
cereals and vegetables along with spices, often used in 
the preparation of curries[1]. Plant foods can contribute 
significantly to human nutrition and health, because they 
contain almost all essential human nutrients. However, 
nutrient composition varies among different plant foods. 
Improvement of nutritional quality of our food supply, 
especially with respect to essential nutrient minerals, 
such as magnesium, iron and zinc, could be an important 
goal of vegetable crops[2]. It shows that 70%-80% of the 
worlds’ population rely on non-conventional medicine, 
especially from herbal sources[3]. The role of inorganic 
elements in animal and plant metabolism has long been 
established, but the effect and influences of these elements 
on administration of medicinal plants have received 
relatively little attention. The administration of medicinal 
plant, traditionally has been largely indiscriminate 
without due regard to possible side effects. Diet has long 
been considered as the major source of human exposure 
to trace elements and consequently the levels in basic 
foodstuff, but medicinal uptakes are of greater interest 
from the toxicological and nutritional points of view[4]. 

The human body requires a number of minerals in order 
to maintain good health. A number of minerals essential 
to human nutrition are accumulated in different parts of 
plants as it accumulates minerals essential for growth from 
the environment[5]. Macro and microelements influence 
biochemical processes in the human organism[6]. Study of 
elements with respect to indigenous medicinal plant reveals 
that major and trace elements have significant roles in 
combating a variety of human ailments and disease[7]. 
  The leaves of Murraya koenigii are used as an herb in 
Ayurvedic medicine. Their properties include much value 
as an anti-diabetic, antioxidant, antimicrobial, anti-
inflammatory, hepatoprotective, anti-hypercholesterolemic. 
Curry leaves are also known to be good for hair, for keeping 
it healthy and long. They also contain iron. Although 
most commonly used in curries, leaves from the curry 
tree can be used in many other dishes to add spice[8]. 
Coriander contains antioxidants, which can delay or 
prevent the spoilage of food seasoned with this spice and 
the chemicals derived from coriander leaves were found to 
have antibacterial activity against Salmonella choleraesuis 
and it is used in folk medicine[9,10]. Leaves of these herbs 
are used to flavour a range of dishes and typically there are 
fried in oil until crisp to impart flavour to all types of curry 
preparations. These herbs have been used in traditional 
Indian medicine system for a variety of ailments[11]. 
Phyllanthus niruri extracts of this herb have shown promise 
in treating a wide range of human diseases. It has anti-
hepatotoxic, anti-lithic, anti-hypertensive, anti-HIV and 
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anti-hepatitis B[12]. Solanum nigrum has a long history of 
medicinal usage, dating back to ancient Greece. Leaves of 
this plant are used to treat mouth ulcers that happen during 
winter periods of Tamil Nadu, India. Chinese experiments 
confirm copper in particular has been associated with 
stomach and intestinal distress, as well as anemia in 
humans[13]. Hibiscus cannabinus leaves are highly nutritious, 
being a significant source of beta-carotene, vitamin C, 
protein, iron, and potassium[14]. Trigonella foenumgraecum 
may have potent antiviral properties, having relieved 
common cold symptoms in a group of volunteers. The United 
States Department of Agriculture states that, a 180 g serving 
of boiled spinach contains 6.43 mg of iro[15]. 
  Essential, trace elements and minerals in Indian medicinal 
plants have been investigated by many researchers[16-
19]. Several attempts have been made to determine of the 
macro and micro-nutrient contents of herbal, medicinal 
and aromatic plants from many countries all over the world. 
For example medicinal, aromatic and spice plants growing 
in Argentina[20], Syria[21], Australia[22], Egypt[23], Italy[24], 
Poland[25], France[26], Nigeria[27], Hawaii[28], China[29], 
Turkey[30], and the USA[31] have been analyzed. Leaves of 
Mentha spicata, Murrya koenigii and Coriandrum sativam 
are used as culinary spices. Leaves of the plants listed in 
Table 1 are used for the preparation of curries/sampar with 
the combination dals. Hence, the knowledge on minerals 
and heavy metals content is essential to evaluate quality. 
This study therefore presents data on the level of selected 
minerals and heavy metals in selected culinary herbs and 
greens (extensively used for preparation of curries).

2. Materials and Methods

2.1. Sample collection 

  Fifteen medicinal plants (Table 1) were collected from 
local market in Salem, Tamil Nadu, India. After washing, 
the plants were dried at shade and powdered. The powdered 
materials were directly subjected to analysis.

2.2. Reagents and standards 

  Analytical grade nitric acid, hydrochloric acid and 
hydrogen peroxide (Merck, India) were used as received. 

Standard sample solutions of Cd, Cu, Fe, Zn, and Na (1 
000 mg/mL) were obtained from Merck (Germany). All the 
solutions were prepared from triply distilled water.

2.3. Sample preparation 

  The glassware and polyethylene containers used for 
analysis were washed with tap water, then soaked over night 
in 6N HNO3 solution and rinsed several times with ultra pure 
water to eliminate absorbance due to detergent. Accurately 
weighed (2.0 g) plant samples were transferred into a silica 
crucible and kept in a muffle furnace for ashing at 450o C for 
3 hours and then 5 mL of 6M HCl was added to the crucible. 
Then, the crucible containing acid solution was kept on a 
hot plate and digested to obtain a clean solution. The final 
residue was dissolved in 0.1 M HNO3 solution and made 
up to 50 mL. Working standard solutions were prepared by 
diluting the stock solution with 0.1 M nitric acid for checking 
the linearity[31]. 

2.4. Analytical procedure

  Na, Fe, Mg, Mn, Pb, Zn, Cd and Cu in plant samples were 
analyzed using atomic absorption spectrophotometer (AA 
6300, Shimadzo, Japan) equipped with flame and graphite 
furnace. Air-acetylene flame was used for determination 
of metal content. The instrument was operated with the 
following conditions in flame mode: acetylene 1.8 L/min, 
air 15 L/min, the inert argon gas flow and the temperature 
parameters were followed as recommended by manufacturer. 
The absorption wavelength for the determination of each 
metal together with its linear working range and correlation 
coefficient of calibration graphs are given in Table 2. Data 
were rounded off suitably according to the value of standard 
deviation from measurements in triplicate. 

2.5. Statistical analysis

  Results of the research were analysed for statistical 
significance by ANOVA. This research was performed by 
three duplicates with a replicate. 

3. Results 

Table 1. 
Plants used in experiment.
Code Local name  Botanical name  Parts used for cooking(Parts analyzed)

MS Pudina Mentha spicata. L Leaves
HC Pulichai keerai Hibiscus cannabinus. L Leaves
AP Seru keerai Amaranthus polygonoides. L Leaves 
MK Karivappillai Murrya koenigii. L Leaves
CS Kothamallai Coriandrum sativam. L Leaves 
SG Agathik keerai Sesbania grandiflora.L Leaves 
AT Arai keerai Amaranthus tristis.L Leaves
AC Mulai keerai Amaranthus cruenttus.L Leaves
PN Kelianelli keerai Phyllanthus nirui. L Leaves 
MO Murungai keerai Moringa oleifera. L Leaves 
SN Manathakkali keerai Solanum nigrum. L Leaves 
TF Vanthiyak keerai Trigonella foenumgraecum.L Leaves
SO Palak keerai Spinacia oleracea. L Leaves 
BR Pasalai keerai Basella rubra. L Leaves
AD Arai keerai Amaranthus dubius. L Leaves
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Table 2. 
Operating parameter for working element.

Elements Wave length(nm) Lamp intensity(mA) Slit width(nm) Correlation coefficient (r)

Pb 283.3 10 0.7 0.999 3
Cd 228.8 8 0.7 0.9996
Zn 213.8 8 0.7 0.993 1
Cu 324.8 6 0.7 0.999 1
Fe 248.3 12 0.2 0.999 4
Na 589.0 12 0.2 1.000 0
Mg 285.2 2 0.7 0.999 5
Mn 279.5 5 0.5 0.999 0

Table 3. 
Mineral contents in herbs and greens (mg/kg dry wt).
Samples Fe Na Mg Mn
MS 395.74暲4.09 808.09暲1.64 532.72暲0.93 85.72暲1.13
HC 248.29暲2.09 782.42暲18.20 410.00暲3.61 ND  
AP 264.52暲7.69 794.99暲5.62 135.92暲5.16 98.42暲1.95
MK 154.85暲3.12 797.99暲3.07 15.75暲2.83 97.36暲0.67
CS 223.79暲4.04 799.95暲8.34 222.35暲0.14 101.50暲0.90
SG 150.22暲8.53 813.84暲7.70 168.76暲5.09 97.72暲1.05
AT 316.04暲2.62 795.20暲3.06 145.86暲7.30 95.92暲1.80
AC 422.16暲6.86 813.84暲7.70 165.00暲7.16 94.10暲2.26
PN 244.09暲0.87 809.42暲0.73 318.40暲2.83 95.78暲2.77
MO 298.09暲5.81 765.11暲11.86 128.15暲3.54 96.37暲2.13
SN 311.88暲5.02 810.77暲57.69 185.92暲6.12 98.43暲3.67
TF 327.60暲7.28 797.49暲25.94 169.63暲1.03 99.77暲1.70
SO 521.98暲7.67 813.17暲12.81 522.86暲9.45 98.37暲1.32
BR 378.73暲1.06 812.99暲6.99 211.84暲6.92 96.71暲1.74
AD 415.43暲5.73 794.76暲0.63 143.92暲3.51 96.73暲1.70

ND- Not detectabl .

3.1. Mineral and Heavy metal contents 

  The mean concentration levels of mineral found in 15 
medicinal are summarized in Table 3. A perusal of data 
in Table 3 shows that the mineral contents in analyzed 
plants are in wide range. Highest Na was found in Spinacia 
olerracea, Amaranthus cruentus and Amaranthus dubius 
whereas lowest Fe content was found in Murraya koenigii. 
Sesbania grandiflora and (813.84 mg/kg) whereas lowest. The 

amounts of Na in medicinal plants are found to be similar. 
The value of Na varied in a range of 765.11暲11.86-813.84
暲7.70. The concentration of magnesium is much higher in 
Mentha spicata whereas much lower in Murrya koenigii. 
Manganese content in 15 medicinal plants varied in narrow 
range of 85.72暲1.13 - 101.50暲0.90. Manganese content found 
to be nil in Hibiscus cannabinus. Table 1 shows, for every 
element, the comparison between the arithmetical mean of 
all values and the maximum concentration. It was possible 

Table 4. 
Heavy metal contents in herbs and greens (mg/kg dry wt).

Samples Pb Cd Cu Zn
MS 9.89暲0.36 0.74暲0.07 29.833.16 49.76暲4.12
HC 2.55暲0.35 1.26暲0.06 65.39暲2.81 15.78暲0.31
AP 2.87暲0.36 1.03暲0.13 70.48暲3.29 10.92暲2.62
MK 0.48暲0.29 0.90暲0.08 64.73暲3.48 6.94暲0.91
CS 2.87暲0.26 0.90暲0.06 74.41暲3.65 16.99暲0.58
SG 0.96暲0.17 0.72暲0.13 48.38暲6.84 15.27暲1.88
AT 0.64暲0.03 0.72暲0.15 19.43暲3.35 15.03暲0.26
AC 1.60暲0.03 2.52暲0.42 55.73暲2.60 25.31暲2.97
PN 1.44暲0.05 1.22暲0.37 15.20暲1.13 37.87暲4.26
MO ND 0.68暲0.06 11.51暲1.77 14.67暲3.22
SN ND 0.89暲0.04 17.47暲1.84 8.53暲0.29
TF ND 0.79暲0.06 15.48暲1.89 9.85暲2.54
SO 2.39暲0.12 0.85暲0.07 15.22暲2.90 17.39暲2.02
BR 1.60暲0.01 1.11暲0.08 15.12暲1.99 31.60暲2.48
AD 3.03暲0.01 2.75暲0.29 94.05暲4.31 14.46暲0.51

ND-Not detectable. 
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to note that the plants are very rich in Fe, Na, Mg and Mn.
  The mean concentration levels of heavy found in analyzed 
medicinal are shown in Table 4. The levels of Pb in some 
plants were ranged from 0.48暲0.29 to 9.89暲0.36. Pb contents 
in Moringa olefera, Solanum nigrum and Trigonella 
foenumgraecum are below the detectable limit. Cd ranged 
from 0.68暲0.06 to 2.75暲0.29; Cu from 11.51暲1.77 to 94.05
暲4.31; Zn from 6.94暲0.91 to 49.76暲4.12, respectively. The 
levels of Pb and Cd in all plants are very similar. But slightly 
higher levels of Cu were found in medicinal plants followed 
by Zn.  The results shows that Pb, Cd, Cu and Zn content in 
15 medicinal plants were within the prescribed. 

4. Discussion

  Na and Mn contents of all samples were found almost 
similar. Vast differences were established in Mg. These 
differences could probably be the result of plant nutrition, 
climate and soil conditions[29]. Lowest levels of Cu, Cd, 
Cr, Zn and Pb (0.823, 0.073, 0.546 and 1.893) in the leaves 
of spinach, cabbage, cauliflower, radish and coriander 
have been reported by Farooq et al 2008[32]. Fe, Zn and Mn 
(129.76), Zn (8.52) and Mn (6.8 毺g/g) in leaves of Mentha 
spicata[33] and Pb (17.54-25.00 mg/kg) in leafy vegetables 
grown in wastewater industrial areas have been reported 
by other investigatorst (safe limit is 2.5 mg/kg)[34].  Zn (39.6-
44.8), Cu (14.8-86.0), Pb (0.008-0.05) and Cd (0.69-1.09 mg/
kg) in leaves of Hibiscus cannabinus, Murraya koenigi and 
Coriandrum sativam[35], Cu (9.445), Fe (62.610), Mg (1372.731), 
Mn (15.872), Pd (0.393) and Zn (54.612 毺g/g) in Trigonella 
foenum-graecum seeds[36] have been reported. Especially, 
Mentha spicata, Murraya koenigi and Coriandrum sativam 
are daily used in Indian cooking for flavour and aroma. 
Several workers[37,38]) have determined the content of zinc, 
copper, or manganese in food samples. Zn is an essential 
metal for the normal functioning of various enzyme systems. 
Zn deficiency, particularly in children, can lead to loss of 
appetite, growth retardation, weakness, and even stagnation 
of sexual growth[39]. The maximum tolerable daily intake 
of Zn is 0.3-1 mg/ kg[40]. The herbs were shown to be a rich 
source of Zn in the present study. Total metal concentrations 
of Pb, Zn, Cu, Co, Ni, and Cr in plant samples collected 
from industrial zone of Islamabad, Pakistan, varied between 
2.0-29.0, 61.9-172.6, 8.9 to 357.4, 7.3-24.7, 41.4-59.3, and 
40.2-927.2 mg/kg, respectively[41]. 20.31- 37.60 mg/kg of Fe 
contents were reported by Jongrungruangchok et al[42]. Jaj 
and Goyal[43] have analyzed heavy metals in Beta vulgaris, 
Coriandrum sativum and Trigonella foenumgraecum from 
agricultural areas in and around Patiala city, India to assess 
level of post harvest contamination. Among all green leafy 
vegetables, nearly 67%-76% of samples were high in Pb, 
18%-39% samples were high in Zn, which crossed Indian 
permissible limit of 50 mg/kg and 6%-9% in Cd, which 
was beyond 1.5 mg/kg as per European Standards. The 
concentrations of Pb and Zn in our results are within the 
Indian permissible limit. Demirezen and Ahmet[44] analyzed 
various vegetables (cucumber, tomato, green pepper, lettuce, 
parsley, onion, bean, eggplant, pepper mint, pumpkin and 

okra) and reported that the Zn concentration (3.56-4.59 mg/
kg) was within the recommended international standards.
  These culinary herbs and greens show great promise as a 
dietary source of these human essential minerals especially 
to village people. The result of present study revealed that 
all medicinal plants possess the highest Na followed by Fe, 
Mg and Mn concentration. The mineral and metal contents 
in the samples were found at different levels. The highest 
mean levels of Na (813.84), Fe (521.98), Mn (101.50, Cd (2.751), 
Cu (94.05), Mg (532.78), Pb (9.890) and Zn (49.76) were obtained 
in Solanum nigrum, Spinacia oleracea, Coriandrum sativam, 
Amaranthus dubius and Mentha spicata, respectively. The 
variation of elemental content from plant to plant is mainly 
attributed to the differences in botanical structure, as well 
as in the mineral composition of the soil in which the plants 
are cultivated. Other factors responsible for a variation in 
elemental content are preferential absorbability of the plant, 
use of fertilizers, irrigation water and climatic conditions[25]. 
  The plants analyzed here are periodically used in curries 
and other side dishes in India. Overall it is a part of food 
along with vegetables in cooking. In this work, our result 
is well comparable with other findings.Therefore, these 
medicinal plants are rich in some essential minerals, 
especially Fe and Mg which are essential for human health. 
Results presented here clearly show that the examined 
medicinal plants play a meaningful role in human nutrition 
as micro-nutrients sources. The minerals and heavy metals 
found to be below the recommended maximum acceptable 
levels proposed by the Joint FAO/WHO Expert Committee on 
Food Additives. 
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