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Abstract

reaction.

Uttarakhand by atomic absorption spectrophotometer.

are useful for the evaluation of the quality of consummate aromatic pants.

Beneficial therapeutic properties are shown by a number of minerals, essential to human nutrition. Many of these nutrients are present in different parts
of plants and also have a significant role in biological systems either with organic molecules such as metalloenzymes or independently like redox or catalytic

The concentration (mg kg”') of selected trace metals (Fe, Mn, Cu, and Zn) were examined in Origanum vulgare L. collected from ten locations in

The metal contents in the samples were found at different levels. The mean concentration (mg kg™') of Zn in plants ranged from 17.250 + 0.30 to 48.500
+ 1.13collected from Rushi and Mukteshwer respectively while Fe in plants ranged from 234.460 + 0.49 to 402.630 + 0.51 mg kg1 in Origanum collected from
Mukteshwer and Champawat respectively. Mean content of Cu in plants was found to be minimum in Origanum from Mukteshwer 6.620 + 0.91 mg kg1 and
maximum in Origanum from Kilbury (24.120 + 0.17 mg kg'1). The lowest mean concentration of Mn in plants was observed in Origanum from Mukteshwer
(18.590 + 1.37mg kg'") and highest from Rushi (60.970 + 0.86 mg kg'). Origanum collected from all sites have metal values below PFA limits. These results

Keywords: Origanum vulgare L.; Metal nutrients; Daily intake; Copper; Zinc; Iron; Manganese

Introduction

Minerals have tendency to accumulate in different parts of plants
that have some medicinal or therapeutic value. Besides mineral
content of plants, metal content has also a significant role to play in
biological activity either in combination with organic molecules or
independently like redox or catalytic reaction. With the increased
awareness of the importance of trace elements on health, a number
of reports on the role of trace elements in traditional medicines
have been published in India [1,2], China [3,4], Nigeria [5,6],
Greece [7] and Egypt [8,9]. Medicinal and aromatic plants are used
for controlling diseases such as common colds, malaria, arthritis

and ulcers for a long time [10]. Trace metals show very important
biological functions and are the component of proteins such as
haemoprotein and haemoglobin that play key role in biochemical
functions and essential enzyme system even in low levels. Previous
studies showed that optimal intakes of macro and micro elements
such as sodium, potassium, magnesium, calcium, manganese, copper,
zinc and iodine could reduce individual risk factors, including those
related to cardiovascular disease for both human beings and animals
[11,12]. Trace metal nutrients are essential in amounts, less than 100
mg per day, and represent less than 0.01% of bodyweight. Essential
trace elements are zinc (Zn), iron (Fe), silicon (Si), manganese (Mn),
copper (Cu), fluoride (F), iodine (I) and chromium (Cr). Trace
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elements when present in high amount, causes significant health
hazards to human and have become an area of particular concern and
high priority in environmental research [13]. Several investigations
on trace elemental analysis have been carried out on edible wild
plants [14-16] but limited investigations on trace element content
of aromatic and medicinal plants were made [17,18] in Uttarakhand.
Origanum vulgare L. is used for perfumery, cosmetic preparations
and medicines [19].

Therefore, the aim of the present investigation was to determine
some micro nutrient content of Origanum vulgare and soils of
Uttarakhand having commercial potential. This plant could
potentially be either dangerous or useful for humans who are consume
this plant or to animals feeding on this economically important plants
depending upon its nutrient status.

Materials and Methods
Collection of plant material and soil samples

Fresh plant material of O. vulgare L. along with its soil samples

Table 1: Some properties of soil and Origanum plant samples used in the study.

(0-20 cm) were collected in September to November, 2009 from
ten locations viz. Dhoulchina (29°37’N, 79°40’E), Champawat
(29°36’'N: 79°30’E), Dharchula (29°51°00”N: 80°31’60”E), Munsiyari
(30°04'37"N: 80°23°04”E), Ramgarh (29°23'N: 79°30°E), Kilbury
(29°23’N: 79°30’E), Mukteshwar (29°28’'N: 79°39’E), Mussoorie
(30° 27° N: 78° 06’ E), Nainital (29°23’N: 79°30’E) and Rushi village
(29°23’N: 79°30’E) in Himalaya (Uttarakhand, India). The plants were
in full blooming stage. The botanical identification of the specimen
was done at Botanical Survey of India, Dehradun (Voucher no.-2036).

Physicochemical properties

The physical properties of the soils from the ten mentioned sites
have been determined. These are Soil texture, pH & EC [20], organic
carbon by Walkley Black method [21], CEC [22] and WHC (water
holding capacity) values (in triplicate) given in Table 1.

Preparation of Soil samples for micronutrient analysis

Well-mixed samples of 2g soils were taken in 250 mL glass conical
flasks and digested with 8 mL of aqua regia on a sand bath for 2 hour.

General soil properties Rushi Champawat | Ramgarh | Dhoulchina Nainital Kilbury Dharchula | Munsyari Mukteshwar Mussoorie
(S‘,Z;‘d 76 82 70 66 78 84 66 70 82 68
Mechanical | Silt (%) 18 16 22 20 12 14 22 26 16 26
analysis Clay
%) 6 2 8 16 8 2 16 8 4 6
Texture | loamy sand loamy sand | sandy loam | sandyloam | loamy sand ' loamy sand @ sandyloam | sandyloam | loamy sand sandy loam
?1'_'{2) 7.41+£0.10 6.30£0.30 | 6.62+1.00 5.81+020 | 560+0.61 | 7.32+0.11 | 531+0.40 5.41+0.20 6.22 £ 0.61 7.40 £0.11
Other soil O0.C.% 265%0.35 060+£0.30 | 3.15+0.04 1.70+040 | 3.23+£0.07 | 1.21+£0.30 | 410+0.71  4.20+0.40 3.90 £ 0.61 3.00£0.70
properties EC 0.34 £0.02 0.0 0.19£0.01 | 0.12£0.02  007£0.00 | 0.10£0.00 0.20£0.00 | 0.11£0.02  0.10+0.00 | 0.18+0.01
CEC 38.11+£0.30 | 27.36£0.79 | 15.12+1.38 | 10.31+0.29 | 25.83+£0.51 | 19.72+0.20 | 10.30+0.20 | 27.30 +2.01 | 16.31+1.21 | 18.11£0.21
WHC | 46.10+1.50 39.69+047 3510+£0.19 37.87+226 39.61+1.56 49.71+£2.19 56.00+2.50 54.59+1.68 38.21+1.65  58.31+0.60
35.280 = 40.500 45.280 = 35.050 £ 38.670 £
Zn 91.680 £0.43 | 43.620 £ 0.63 0.67 32.150 £ 0.48 213 149 0.91 0.08 26.880 £ 1.17 | 54.280 £ 0.57
564.450 + 526.470 + 543.640 536480+ | 528870+ | 525630+ | 519.330+ 522.060 +
Total content (mg Fe  50.250£2941 “yr87 885 14.00 0.49 6.99 5.03 103 ©16.860£4.09 1.79
kg-1) 185.810 = 219.350 + 194.620 + 264.400 + 252.010 £ 160.100 165.000 220.900 +
Mn 348020142 )18 0.04 0.50 0.59 0.62 163 0gs 04150182 0.59
10.830 + 15.300 34.680 £ 23.400 £ 24.630 £
Cu 15.550 + 0.02 | 12.900 + 0.71 0.88 15.500 + 1.15 0.59 0.7 035 0.68 10.700 +1.75 | 19.830 + 0.88
Zn 10.260 + 0.67 [1.240£0.28 | 0.800+0.40  0.610+0.32 7.370+0.99  9.450+1.18 0.780+0.05 0.950 +0.32 | 0.650 +0.24 | 4.980 +2.35
) 33.280 + 28.770 + 29.940 + 36.680 30.000 +
Available content Fe 57.980 £ 0.37 | 35.380 + 0.55 0.71 22.650 + 1.98 242 081 235 0.95 29.000 £ 0.04 | 91.700 £+ 1.39
10.000 15.430 + 14560+ [14.280 £
Mn 17.400+0.08 | 6.680 £ 0.23 011 7.080+£0.43 0.42 0.51 0.48 6.200£0.63  3.000+0.91 | 17.110£0.42
Cu 7.330+0.25 | 0.530+0.50 0.400+0.28  0.150 +0.09 | 1.830+0.60  2.260 +0.01 | 1.120 +0.01 | 0.900 £ 0.06 | 0.320 +0.02 | 1.820 +0.01
26.740 29.920 + 35.220 £ 28.540 34.040 £
Zn 48.500+1.13 | 35.040 £ 0.78 291 18.630 + 0.60 107 131 071 0.05 17.250 £ 0.30 | 38.780 + 0.20
Total content in 402.630 = 268.980 365.860 + 365.740+ | 314.760 + 263.060 253.750 + 361.820 +
plant Fe  396850:146 g 0.15 0.76 198 0.40 £10 04g | 2344802049 Ty g
32.530 £ 57.560 £ 52.630 £ 28.950 £ 29.640 £
Mn 60.970 £0.86 | 36.320 £ 0.11 112 18.590 + 1.37 0.90 0.03 0.00 1.09 30.710 £ 0.08 | 42.000 + 1.60
Cu 12.020+0.58 | 7.620 £0.27 | 7.530 £ 0.01 | 12.160 £ 0.75 116552 * 2461123 * 8.500 £ 0.41 18j|8§g * 6.620+0.91 | 14.170 £ 0.61

*(av)=available, (tot)= total, WHC= water holding capacity, CEC= cation exchange capacity, O.C.%= Organic carbon %
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After evaporation near to dryness, the samples were dissolved with
10 mL of 2% nitric acid, filtered (Whatman No. 42) and then diluted
to 50 mL with distilled water [23]. Blanks were prepared to check for
background contamination by reagents used [24].

Preparation of plant samples for micronutrient analysis

The collected plant material were washed sequentially with
tap water, 0.IN HCI solution and finally with distilled water. Dry
plant tissue was finely ground and wet ashed using HNO,: H,SO,;:
HCIO, (10:1:4 v/v) [25].

Heavy metal analysis in soil and plant samples

Concentration of Zn, Cu, Mn and Fe in prepared plant and
soil samples were analyzed by atomic absorption spectrophotometer
((GBC, Avanta-Sigma, USA).

Data analysis

The daily intake of metals (DIM) was calculated by the following
equation:

DIM= |M|xKxIW

Where |M|, K, I and W represent the heavy metal concentrations
in plants (mg kg'), conversion factor, daily intake of vegetables
and average body weight, respectively. the conversion factor used
to convert fresh green vegetable weight to dry weight was 0.085, as
described by Rattan et al., 2005 [26]. The average adult and child
body weights were considered to be 55.9 and 32.7 kg, respectively,
while average daily vegetable intakes for adult and children were
considered to be 0.345 and 0.232 kg/person/day respectively, as
reported in literature [27,28].

Results and Discussion
Physicochemical properties

The physical properties of the soils from the ten sites have been
determined. The values of pH ranged in a narrow interval 5.31 + 0.40
to 7.41 + 0.10 from Dharchula and Rushi respectively. Percentage
organic carbon (%OC) in the samples ranges between 0.60 + 0.30
(Champawat) to 4.20 = 0.40 (Munsyari). The cation exchange
capacity (CEC) of the soil samples ranged between 10.30 + 0.20 and
38.11 +0.30 cmolc kg'. As shown in Table 1, the soil samples collected
from Rushi displayed the highest mean CEC value; those from the
Dharchula had the least value. The EC range was from 0.04 + 0.02 to
0.34 £ 0.02 d Sm™. This shows that the percentage of soluble salts was
maximum in Rushi soil and lowest in Champawat Soil. On the basis
of percentage of clay, silt and sand the soils were classified as loamy
sand and sandy loam (Table 1).

Metal content in soils

Total four elements (Zn, Cu, Fe and Mn) were determined in
the powdered plant and soil samples collected from ten locations
in Uttarakhand by Atomic Absorption Spectrophotometer. All the
samples were analyzed in triplicates. The concentration of various
elements in investigated plants and soils were shown as the mean
content = SD of three samples. Results were calculated on a dry
weight basis (mg kg?). From the study, it was revealed that all the
metals were accumulated to greater or lower extents by Origanum
species studied.

The metal contents in the tested samples were found at different
levels. The mean concentration (mg kg') of total Zn in soil ranged
from 26.880 + 1.17 to 91.680 + 0.430 collected from Mukteshwer and
Rushi respectively. Total Fe content in soil ranged from 516.860 +
4.090 to 564.450 + 12.87 mg kg-'. The lowest mean concentration of
total Mn in soil was observed in Origanum from Mukteshwer (84.150
+ 1.820 mg kg!) and highest from Rushi (348.020 + 1.420 mg kg)

Mean content of total Cu in soil was observed to be minimum in
Origanum from Mukteshwer 10.700 + 1.750 mg kg and maximum
in Origanum from Kilbury (34.680 + 0.270 mg kg"'). Although Cu is
an essential micronutrient for plant growth, it can be more toxic than
non-essential Pb when present above the permissible limit in the soil
environments [29].

Differentmetabolicprocessesareregulatedbythesemicronutrients.
Some zinc containing enzymes like carbonic anhydrase and lactate
dehydrogenase, are involved in intermediary metabolism processes
while superoxide dismutase controls free radical damage [30]. Iron is
an essential but potentially hazardous biometal. This metal is required
by mammalian cells to control metabolic processes or to accomplish
specialized functions [31]. Manganese is an essential metal for plants,
participate in several metabolic processes, mainly photosynthesis and
as an enzyme antioxidant-cofactor [32].

Metal content in plants

Total mean content of Zn in Origanum ranged from 17.250 +
0.300 to 48.500 + 1.130 from Mukteshwer and Rushi respectively. Zn

mZn
W Fe
= Mn

mCu

Figure 1: Concentration of metals in different soils.

HZn
HFe
= Mn

mCu

Figure 2: Concentration of metals in O. vulgare collected from ten sites.
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is not considered to be highly phytotoxic, but high zinc contents in
plants may cause the loss of leaves production, whereas low contents
may cause deformations of leaves. A plant foliar content of 100 mg
kg Zn has been quoted by various authors [15]. The total Fe content
in plant ranged from 234.460 + 0.490 to 402.630 + 0.510 mg kg in
Origanum collected from Mukteshwer and Champawat respectively.
The tolerable upper limit of iron for human is 45 mg per day [16].
The lowest mean concentration of total Mn in plants was observed
in Origanum from Dhoulchina (18.590 + 1.370 mg kg') and highest
from Rushi (60.970 + 0.860 mg kg'). Mean content of total Cu in
plants were found to be minimum in Origanum from Mukteshwer
6.620 + 0.910 mg kg' and maximum in Origanum from Kilbury
(24.120 + 0.170 mg kg'!).

Daily intake of metals

In order to evaluate the health risk of any contaminant, it
necessary to determine its level by detecting the routes of exposure to
the targated organisms. Food chain is the most important pathway to
determine the way of exposure to human. The daily intake of metals was
evaluated by average plant consumption by both adults and children.
The consumption of some plants collected from contaminated sites,
showed high capacity of metal accumulation which further transfers
these metals to adults and children. The present study indicated that
children ingest significant amount of metals as compared to the adult
but is nearly free of risk (Figure 3 and 4). The highest intakes of Zn,
Cu, Mn and Fe were from the consumption of O. vulgare from Rushi,
Dharchula, Kilbury and Champawat respectively for both adults and
children.

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

adultZn
H childZn
M adultMn
u child Mn
® adult Cu

child Cu

Figure 3: Daily intake of Zn, Mn and Cu by adults and children.
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Figure 4: Daily intake of Fe by adults and children.

Conclusions

From the above discussion, it can be concluded that Origanum is
good source of biologically important elements that may play a part
in the observed therapeutic uses of these plants. Plants from all the
ten locations of Uttarakhand were rich in Fe, Mn, Cu and Zn and
the metal content in the plants were within the Prevention of Food
Adulteration Act (PFA) limits and thus, might play an important role
in maintenance of human health.

The heavy metals concentrations were higher in soil samples as
compared to plants samples and the reason might be due to strong
adsorptive nature of soil. The present study indicates that children
ingest significant amount of metals as compared to the adults and
are nearly free to risk. The regular monitoring these metals in soils,
medicinal plants and in other food items is very important and
necessary to prevent bioaccumulation of these metals.
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