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Abstract

Proton-induced X-ray emission (PIXE) was applied to characterize the elemental composition of edible vegetable
seeds and leafy-vegetable seeds samples collected from Vizianagaram district, Andhra Pradesh, India. The samples
were oven-dried, homogenized, mixed with graphite, pelletized and irradiated with a 3 MeV proton beam generated
by a 3 MV tandem Pelletron accelerator at the Institute of Physics, Bhubaneswar, India. Characteristic X-rays were
detected using a Si(Li) detector and the spectra were processed with GUPIX. The analytical procedure was checked
using NIST Apple Leaf certified reference material, for which the original study reports agreement between measured
and certified concentrations. Across the investigated samples, the manuscript reports 22 elements: Si, P, S, Cl, K, Ca,
Ti, V, Mn, Fe, Co, Ni, Zn, Ce, Cu, As, Zr, Hg, Pb, Ga, Sr and Se. Potassium was reported in every sample, whereas
several other elements showed sample-dependent occurrence. The data also indicate the presence of nutritionally
relevant elements such as K, Ca, Fe, Zn, Mn, Cu and Se together with potentially toxic elements including As, Hg and
Pb. These findings demonstrate the utility of PIXE for rapid multi-element screening of plant-derived foods and
provide baseline information for environmental and food-quality monitoring in the study region. However, quantitative
dietary-risk interpretation requires confirmation of concentration units, complete sample identification, replicate
measurements, analytical uncertainties and comparison with element-specific regulatory limits on an equivalent mass
basis.
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Introduction

Vegetables are the common man affordable and readily available sources at important proteins, vitamins, minerals and
essential amino acids [1]. Most at the developing countries depend on starch-based food as the main staple food for
the supply of both energy and proteins. This accounts in part for protein deficiency which prevails among the people
as recognized by Food and Agricultural Organization [2]. Thus the present study on vegetable seeds and leafy-
vegetable seeds reveals the presence of major, minor & trace elements required for the growth of man’s metabolism,
altogether the concentration of 22 elements in about 9 samples of vegetable seeds and 9 samples of leafy-vegetable
seeds. Thus the study of trace, minor & major elements with respect to these medicinal plants specifies that there is a
significant role in combating a variety of human ailments and diseases [3].

Indian diet is mainly vegetarian and consists of various cereals and vegetables along with spices, often used in the
preparation of curries [4]. The quantitative estimation of various trace element concentrations in medicinal plants is
necessary for determining their effectiveness in treating various diseases and for understanding their pharmacological
benefits [5].

Trace elements play a vital role in the formation of the active chemical constituents present in medicinal plants and are
therefore responsible for their medicinal as well as toxic properties [6]. Light elements such as Na, Mg, Al and P are
determined by PIGE while medium Z-Elements such as K, Ca, Mn, Fe, Cu, Zn, Rb and Sr are determined by PIXE
[7]. Several analyses have also revealed that most of these plants are rich in one (or) more individual elements, thereby
providing a possible link to the therapeutic action of the medicines [8-11].

Plants have been used by man as medicine since time immemorial. His close observation of animals in the early days,
nothing but what they use when they fall ill, led to the eventual discovery of medicinal uses of most of these plants
[12]. The vegetables can generally be classified as leafy, fruit and seed vegetables. Other forms of vegetables include
pulses and spices [13].

However, the present study is concentrated on leafy-vegetable seeds of Palakura, Tella gongura, Bacchali, Pudeena,
Karivepaku, Munagaku, thotakura, menthikura, chukkakura and also on vegetable seeds like beans, cluster beans,
carrot, TellaVanga, Mokkajonna single cross and double cross, mullangi, bendakaya & bheerakaya. Many essential
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elements in diets are toxic at higher concentration, while the presence of toxic trace elements above permissible level
can lead to impaired health of consumers [14]. The use of PIXE technique as an analytical tool for rapid and reliable
elemental analysis of biological material has a history of several decades [15]. The Ayurveda and plant based remedies
are a part of cultural heritage of India [16-17].

Plenty of researches carried on these medicinal plants after focus on the organic actions of these medicines with little
attention going to the elemental contents [18]. Major, minor & trace elements present in the medicinal plants effects
various metabolic activities in the human body. In recent, times, focus on plant research has increased all over the
world and a large body of evidence has collected to show immense potential of medicinal plants used in various
traditional systems. More than 13,000 plants have been studied during the last 5 year period [19].

There are many nuclear physics techniques like AAS, XRF, ICP-MS, INAA, PIGE, PIXE etc., which have been used
for the trace elemental analysis but Atomic Absorption spectroscopy is followed by high bremsstrahlung, X-Ray
fluorescence as highly concentrates on its structural properties, ICP-MS because of its long sample preparation
procedure and only certain elemental concentrations are knows at certain standard levels and as neutron reaction cross
sections are different for different elements for which, we cannot generalize INAA technique for set of elements at a
stretch. In fact, if we use PIXE-Proton induced X-Ray emission technique because of its multi elemental capability
and easy sample preparation, we can easily find out major, minor and trace elemental concentrations for all the
elements with atomic number greater than 13 simultaneously and accurately. Even AAS and ICPMS requires the total
digestion of the sample using strong reactants such as Hcl, HoSO4, HNO3 (or) HF that can cause problems of
contamination and errors due to incomplete solubilization and evaporation [20]. Thus sample preparation becomes a
first crucial step in the analysis of medicinal (or) other herbs by these methods and moreover, the chemical method for
matrix destruction depends on the sample chemistry and the elements to be analyzed with the results of several
methodologies have been proposed for plant digestion. In this context, multi elemental non-destructive accelerator
based technique like PIXE seems to be more useful.

PIXE is highly sensitive, non-destructive and multi elemental ion beam analysis technique which have wide
applicability in various fields. PIXE is used for the determination of elements in the two atomic number regions
20<Z<35 and 75<Z<85 while PIGE is used for the determination of light Z elements [21]. On the other hand, the
investigations of the trace element metabolism of human beings, animals and plants were still remaining in an
interesting field of actual research. The possibility of relating trace element contents to the curative property possessed
by various medicinal plants is especially attractive in this inter disciplinary field and it has been quite widely studied
by different authors [22].

2. Materials and Methods

2.1 Sample Collection & Processing:

The vegetable seeds and leafy-vegetable seeds samples were collected from the Vizianagaram district of Andhra
Pradesh, India. The samples were washed thoroughly to avoid possible environmental contaminations. The samples
were dried by an oven at 65°C and subsequently grounded by an agate mortar. 150 mg of sample powder was mixed
homogeneously with 150 mg of the graphite powder using agate mortar and then this mixture powder is pelletized into
a thin pellet of uniform thickness having 10mm in diameter and 1mm thickness with 15 ton pellet machine. We can
also make another graphite pellet which contains graphite alone with the same process by taking 100 mg of its powder
to make necessary correction. The purpose of adding graphite powder is that it can be used as a binder of the
homogenized powdered sample in addition to allowing the beam current to be monitored as graphite is a good
conductor of electricity and also another reason of adding graphite is to reduce bremsstrahlung background in the PIXE
spectrum [23].

2.2 Experimental procedure for PIXE

Elemental analyses of vegetable seeds and leafy-vegetable seeds were performed using the PIXE technique, which was
conducted using a 3 MV Tandem Pelletron Accelerator (model: 9SDH-2, make: National Electrostatic Corporation,
USA) at the Institute of Physics in Bhubaneswar, India. This accelerator has been routinely used for material analyses
using the PIXE technique [24-28]. The proton beam was collimated to a diameter of 3 mm on the target under a vacuum
(10°° Torr) inside the PIXE chamber. The multiple-target holder was placed in the plane and normalized to the proton
beam direction. The target holder was mounted on an insulated stand and was surrounded by a cylindrical electron
suppressor that was held at negative potential with respect to the target. The integrated charge of the sample was
measured using a current integrator, which was connected to the target holder. The proton beam of 3 MeV, which had
beam current that was in the 10—15 nA range, was employed to excite the samples. The position of the proton beam
on the sample was adjusted properly by viewing the sample through a view port in the scattering chamber. A 30 mm
Si (Li) detector with a beryllium window, thickness of 8 um, was placed at £90°, with respect to the beam direction,
to record the characteristic X-rays. The energy resolution of the detector was 170 ev and full-width at half maximum
at 5.9 KeV. A thick filter (25 um aluminized Mylar) was kept in front of the detector to suppress the bremsstrahlung
and the dominant low-energy X-ray peaks. Each sample was irradiated for a sufficient time to obtain good statistics
and for each sample, the total charge collected and the average beam current was noted. The spectra were recorded
with a PC-based multi-channel analyzer, and the system was calibrated using 55Fe and 241 Am radioisotope standard
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X-ray sources to identify the X-ray peaks. The PIXE spectrum of a vegetable seeds and leafy-vegetable seed samples
were analyzed using the GUPIX software program.

2.3. Data Analysis:

X-ray spectra of edible vegetable seeds and leafy-vegetable seeds samples obtained from PIXE measurements were
analyzed with the computer code GUPIX [29-30] developed by Guelph University (Guelph, Ontario, Canada) that
provides nonlinear least square fitting of the spectrum. The choice to employ GUPIX was based on a number of
considerations; the most important one was the good status of the databases (cross sections, fluorescence and Coster-
Kronig probabilities, stopping powers and attenuation coefficients) involved [31]. GUPIX has also some helpful
options, such as matrix iteration, layer thickness iteration, adding an invisible element to the fit etc., and analyzing
spectra in a batch [32]. The thick target PIXE analysis was performed since the target was thick enough to stop the
proton beam entirely. GUPIX utilizes the fundamental parameter method (FPM) for quantitative analysis that requires
parameters of experimental geometry and the detector (H parameter), chamber window thickness, target major matrix,
the energy of the incident particle, and the net charge collected. To check the adopted analysis procedure and input
parameters external standard method was adopted using macrometer standard and other certified reference materials,
and accordingly H values were normalized. Using this GUPIX software package, different elements present in each of
the vegetable seeds and leafy-vegetable seeds were identified and their concentrations were determined. To make sure
the reliability of this technique in reproducing concentrations of elements, we have checked the accuracy of this method
by analyzing certified reference material NIST APPLE LEAF as an international standard and the values are given in
Table-3. The measured values and the certified values are in good agreement and thus the experimental procedure
adopted is reliable in analyzing the samples.

3. Results & Discussion:

In this present study PIXE technique is employed to determine a total of 22 elements including major elements Si, P,
S, CL K, Ca, Ti, V, Mn, Fe, Co, Ni, Zn & Ce a total of 14, minor elements Cu, As, Zr, Hg and Pb a total of 5 and
finally trace elements Ga, Sr and Se a total of 3 elements in various vegetable seeds and leafy-vegetable seeds samples.
Mainly considered vegetable seeds namely Mullangi, Mokkjonna single cross, double cross, Beans, cluster beans
(Goruchikkudu), Carrot, Tella vanga, bendakaya & bheerakaya and also leafy-vegetable seeds of Bacchali, Pudeena,
Karivepaku, Munagaku. Palakura, Tella gongura, thotakura, menthikura and chukkakura.

In order to compare the elemental distribution of various vegetable seeds and leaf-vegetable seeds samples, the ranges
and mean elemental concentrations were determined for each of these samples and are shown in the table-1 & table-2

respectively.

Table 1: Concentrations of the elements present in the samples in PPM of vegetable seeds.
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Table 2: Concentrations of the elements present in the samples in PPM of leafy-vegetable seeds
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In the above table 1 the major element highest composition is K and it ranges in vegetable seeds samples as 142.16
ppm in BV7 (Carrot) and 21358.27 ppm in BV14 (Lady’s finger), similarly in leafy-vegetable samples the element K
ranges from 784 ppm in BVL4 (Drumstick tree leaves) to 25728.44ppm in BVL6 (Sorrel-leaf type). Next to potassium,
higher concentration is associated with the element, phosphorous in vegetable seeds samples as 45.218 ppm in BV7
(Carrot) to 9571 ppm in BV1 (Radish) and similarly in leafy-vegetable seeds samples, it ranges from 2321 ppm in
BVL2 (Mint) to 18678 ppm in BVL3 (Curry leaves). Next to Phosphorous, the element Calcium (Ca) in vegetable
seeds is ranging from 18.07 ppm in BV17 (Ridge gourd) to 3723.99 ppm in BV6 (Cluster beans) and in leafy-vegetable
seeds samples, it ranges from 630 ppm in BVL4 (Drumstick tree leaves) to 24918 ppm in BVL6 (Sorrel-leaf type).
The next element after Calcium is Sulphur, which is ranging in vegetable seeds sample as 120 ppm in BV17 (Ridge
gourd) to 3985 ppm in BV10 (White eggplant) and similarly in leafy-vegetable samples, it is ranging from 840.81 ppm
in BVL1 (Malabar spinach) to 4147 ppm in BVL9 (Fenugreek greens).

Likewise the highest proceeding order in the concentrations of major elements is of Si, Cl, Ti, V, Mn, Fe, Co, Ni, Zn
and Ce. The only element potassium consistently present in all the vegetable seeds samples and leafy-vegetable
samples are very high concentrations comparatively the other elemental concentrations. Observing the elemental
concentration from the table, we can select and use the particular medicinal vegetable plant as per requirement by
knowing the functional values of different elements.

The minor elemental concentration in this table is present in the samples, Cu, As, Zr, Hg and Pb and the trace elemental
concentration is present in the elements Ga, Sr & Se. Thus in this present study on vegetable seeds and leafy-vegetable
seeds reveals the not only the presence of Vital elements required for the growth of man’s metabolism like Si, P, S, Cl,
K, Ca, Ti, V, Mn, Fe, Co, Ni, Zn, Ce, Cu, Zr, Ga and Se but also few toxic elements like arsenic, strontium, mercury
and lead which are present in the range of trace & ultra trace elemental concentration. Among all elements, Sr and Se
has low elemental concentrations in all the vegetable seeds samples. It is observed from the tablel, that the results are
consistent and within the permissible range of errors.

The following table-3 represents the concentrations of the elements present in the NIST ( National Institute Standards
and Technology) apple leaves and the same verified by the PIXE technique along with standard deviation values in

ug/g are shown here for the reference.

Table:3 Mean concentration and standard deviation (ug/g) of elements present in NIST apple leaves

S.NO ELEMENT CERTIFIED VALUES PIXE MEASURED VALUES
1 K(%) 1.60 +0.02 1.59 + 0.02
2 Ca(%) 1.526 + 0.015 1.532+0.015
3 Mn 54+3 51+3
4 Fe 83+5 81+5
5 Cu 5.6+0.24 5.2+0.24
6 Zn 12.5+0.03 12.3£0.03
7 Rb 102+ 1.5 102+1.5
8 As 0.038 = 0.007 0.038 £ 0.007
9 Se 0.050 = 0.009 0.050 = 0.009
10 Pb 0.470 £ 0.024 0.470 £ 0.024
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The following table 4 and 5 portrays about the list of vegetable seeds and leafy-vegetable seeds samples along with
their local name, English name and scientific names corresponding to each and every sample respectively.

Table 4. Vegetable seed sample local names along with common & scientific names

S. |[Sample . S
No. || code Telugu name English name Scientific name
Il HBVI HMullangi (D0H) “Radish HRaphanus sativus
BV3  |[Mokkajonna — Single Cross . . .
2 (B0, &) Single-cross hybrid maize ||Zea mays
BV4  [[Mokkajonna — Double Cross . .

3 (B0, &) Double-cross hybrid maize ||Zea mays

4 BVS Beans (255 ) l()?eo;ll:mon bean / French Phaseolus vulgaris

‘5 HBV6 HGoruchikkudu (OB E0) HCluster bean / Guar HCyamopsis tetragonoloba
6 BV7 Carrot (553 (55) Carrot ]S)agcus carota subsp.

ativus

7 BVI0 Tella vanga (SO HO5OD) l\:r/ i}xllljt:l cggplant/ White Solanum melongena

‘8 HBV14 HBendakaya (B0ocssaAd) HOkra / Lady's finger HAbelmoschus esculentus ‘
‘9 HBV17 HBheerakaya (DS50%) HRidge gourd HLuffa acutangula ‘
Table 5. Leafy-vegetable seed sample local names along with common & scientific names.

S. No. Si{r::lpele Telugu name English name Scientific name

‘1 HBVLl HBacchali (5)0) HMalabar spinach HBasella alba ‘
‘2 HBVLZ HPudeena (DHET) HMint HMentha spp. ‘
‘3 HBVL3 HKarivepaku (BOJ°%0) HCurry leaf HMurraya koenigii ‘
4 BVL4 Munagaku (0TE0) g;?msmk tree / Moringa Moringa oleifera

‘5 HBVLS “Palakura (rOEr0) HSpinach “Spinacia oleracea ‘
6 BVL6 Tella gongura (SQ ﬁsoﬁj"é) g;lelte gongura / Sorrel-leaf Hibiscus sabdariffa

7 BVLS Thotakura ( Sors ) Amaranth / Vegetable Amaranthus spp.

amaranth
8 BVL9 Menthikura (R00e385°0) Fenugreek greens Trigonella foenum-
graecum
9 BVLIOY - ikkakura (T8 55°0) ?;S;:ln sorrel / Creeping Oxalis corniculata
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Potassium (K) concentration in vegetable seeds samples
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Fig-1: Bar diagram of major element potassium in vegetable & Leafy Vegetable seeds.

From the figure-1, we can conclude that potassium is present in all the vegetable seeds samples and it is especially
high in BV-14 (lady’s finger) and lowest concentration among the samples considered is in BV7 (carrot). In leafy-
vegetable seeds samples, it is high in BVL6 (Sorrel-leaf type) and low in BVL4 (Drumstick tree leaf). The
concentrations are nearly same in BVL1 (Malabar spinach), BVL3 (Curry leaf), and BVL4 (Drumstick tree leaves).
Potassium is required for all living creatures with the possible exception of Blue-green algae. It is very important in
nerve action and is eventually a cat ion. This cat ion within the cell functions as Sodium in extracellular fluid by
influencing acid base equilibrium, osmotic pressure and water retention. When present in extra cellular fluid it
influences muscle activities.
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Phosphorous concentration in vegetable seeds samples
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Fig-2: Bar diagram of major element phosphorus in vegetable & Leafy Vegetable seeds.

From the figure-2, it is observed that Phosphorous concentration is high in BV1 (Radish) and low in BV7 (Carrot).
Where as in leafy-vegetable seeds, the highest concentration of phosphorous is in BVL3 (Curry leaves) & lowest is in
BVL2 (Mint). And the concentrations in BVL8 (Amaranth) and BVL9 (Fenugreek greens) are nearly same in leafy-
vegetable seeds sample that is the concentration of phosphorous is merely same in amaranth (thotakura) and leafy
fenugreek seed samples.

On the other hand the calcium is existing in higher concentration in BV6 (cluster beans) of vegetable seeds & BVL6
(Sorrel-leaf type) of leafy-vegetable seeds similarly lower concentration in BV17 (Ridge gourd) of vegetable seeds &
BVL4 (Drumstick leaves) of leafy-vegetable seeds respectively as shown in figure-3.



1584  P. Easwaraji et al.

concentration in ppm

Calcium ( Ca) concentration in vegetable seeds samples
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Fig-3: Bar diagram of major element calcium in vegetable & Leafy Vegetable seeds.
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concentration (in ppm)
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Fig-4: Bar diagram of major element sulfur in vegetable & Leafy Vegetable seeds.

The concentration of the element Sulphur is high in BV10 (white eggplant) and low is in BV17 (Ridge gourd) of
vegetable seeds. In leafy-vegetable samples, it is high in BVL9 (Fenugreek greens) and low in BVL 1 (Malabar
spinach). The BVLS5 (Spinach) and BVL10 (Indian Sorrel) concentrations are nearly same. The element phosphorous
is essential for growth and renewal of tissues. In metabolism of energy nutrients phosphorous compounds carry, store
and release energy and they assist many enzymes and vitamins in extracting energy from nutrients. Sulphur is an
important part of many enzymes and in antioxidant molecules like glutathione enzymes and thioredoxin, organically

bonded Sulphur is a component of all proteins, as the amino acids cysteine and methionine.
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Biological Scaling: Organizing 22
Elements by Concentration
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Fig-5: Classification of major, micro, trace & ultra-trace nutrient elements in all the seeds.

The figure-5 represents about biological scaling which has been done with respect to the ppm levels. The
Macronutrients and Halogens (K, P, S, Cl, Ca) are present in the tier 1, whose ppm range is greater than 100. These
are very useful in human system for energy transfer and structural integrity reactions. The Micronutrients (Fe, Mn, Zn,
Cu, Ni, Si, Co) are present in the tier 2, whose ppm range is from 1 — 100. These are also useful in enzymatic function
and metabolic regulations. The trace and toxins (As, Pb, Hg, Ti, V, Ga, Se, Sr, Zr, Ce) which are also known as
heavy/trace metals present in tier 3, whose ppm range is less than 3. AS, Pb, Hg, Sr are the toxic elements which are
harmful to the mankind at higher ranges.

The Catalysts: Essential Micronutrient Densities

Catalysts operate at fractions of the Heavyweight scale (1-188 PPM). Leafy seeds
(BVL) consistently out-accumulate Vegetable seeds (BV) in Zinc and Iron.
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Fig-6: Bar diagram of micro nutrient elements in all the seeds.

A bar diagram has been drawn for minor nutrient elements which are present in vegetable seeds and as well as leafy-
vegetable seeds and is given in figure-6. The element Iron (Fe) is more in leafy-vegetable seeds than the vegetable
seeds samples. Next element Zn is high in leafy-vegetable samples and vegetable seeds samples. It is also found that
the Fe, Mn, Zn, Cu, Si, Co elements are high in leafy-vegetable samples than the vegetable seeds samples. Many of
the nutrienists suggests intake of leafy vegetables is good for health; our findings (figure-6) also supported it.

Silicon is non-metallic element found in nature as Silica (Si0O) is simply one atom of the element silicon bonded to
two oxygen atoms. Silicon is found in small elements in human tissues and may play a “Component” role in the ground
substance, a gel like matrix composed of “glycosaminoglycans” (Carbohydrate chains and protein) that attract water
silicon may also play a “component” role in connective tissues. There is also toxicity with higher amount of silicon
intake for human body i.e. silicon from silica in the atmosphere from industrial process depositing in the lungs, ears,



1587  P. Easwaraji et al.

eyes and nose causes the pathology known as silicosis.

Both seed tyj or ate ptional safety baselines, ) el
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Fig-7: Bar diagram of toxic elements in all the vegetable & leaf vegetable seeds with indication of safe
thresholds.

A bar diagram has been drawn for trace and toxic elements present in all the vegetable and leafy vegetable samples as
shown in figure-7. It has been found that all the trace and toxic elemental concentrations are nearly same in vegetable
seeds and leafy-vegetable seeds samples and which are within the safe ranges.

Chlorine is a mineral and is considered as bulk element. The human body contains more than 50 mg chlorine per kg
body weight. Chloride is of great importance for membrane potential, the electrical potential difference across a cell’s
membrane and it also acts as a disinfectant and kills germs contained in our food.it also lowers PH level in stomach
which activates pepsinogen in to pepsin, an endopeptidase.

Elemental Composition Analysis: Vegetable vs. Leafy-Vegetable Seeds
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Fig-8: Elemental composition analysis in all the vegetable & leaf vegetable seeds.

The overall comparison of the major nutrient peak concentrations of Calcium, Phosphorous and Potassium in vegetable
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seeds and leafy-vegetable seeds samples were represented in figure-8. Among all the vegetable seeds and leafy-
vegetable seeds, the iron concentration is maximum in BV6 (Cluster beans) with 387.31 ppm, similarly the chlorine is
high in BV3 (Single-cross hybrid maize) with 23,672 ppm and the Potassium is high in BV14 (Lady’s finger) with 21,
358 ppm. The calcium highest is in BVL6 (Sorrel- leaf type) with 24,918 ppm and the phosphorous high value in
BVL3 (Curry leaf), with 18,678 ppm. The zinc is high in BVL10 (Indian Sorrel) with 82.31ppm. Hence it is advisable
to consume more vegetables and leafy vegetables for those who are having iron deficiency such as pregnant ladies,
anemia patients, etc.

Calcium is essential for all organisms and used in teeth cell walls, bones systematic cardiac functions and also in some
shells as structured component, important electro chemically and by co-ordination [33]. Titanium has no biological
role. There is a detectable amount of titanium in the human body and it has been estimated that we can take in about
0.8mg/day, but most passes through us without being adsorbed. It is not a poison metal and the human body can tolerate
in large doses. Element titanium and titanium dioxide is of a low order of toxicity. Manganese (Mn) is an important
antioxidant nutrient and is important in the breakdown of fats and cholesterol and also helps in the nourishment of the
nerves and the brain [34]. Vanadium functions probably part of protection system against injury of tissues and also
used in the formation of enzymes. Lack of vanadium causes growth reduction, impaired reproduction and survival of
young, impaired tooth and bone metabolism has a beneficial effect against tooth decay [35] and also essential for
human body in the production of hemoglobin and in the oxygenation of red blood cells. Lack of iron results in anemia
and red blood cells that have a low hemoglobin concentration.

In young children, Iron deficiency can manifest in behavioral abnormalities (including reduced attention), reduced
cognitive performance and slow growth. In adults, severe iron deficiency anemia impairs physical work capacity.
Cobalt can be found in many foods especially those that have high levels of vitamin B12, including liver, clams,
oysters, lean beef, eggs, milk, yogurt, chicken and cheese. There are no recommended daily intake levels of cobalt
because only it is found in trace elements. Cobalt increases body’s ability to absorb and utilize vitamin B12. The Nickel
containing enzyme is used for hydrolysis of urea.

Thirty five percent of the 0-5 year old children suffer from Zinc or iron [36]. It has been suggested that normal levels
of Zn can prevent diarrhea [37]. Zinc is an essential component of over 200 enzymes having both catalytic and
structural roles. Zinc deficiency is characterized by recurrent infections lack of immunity and poor growth [38]. Low
intake of Zinc may came coronary artery disease [39] Clinical materials prove that Zn can have good effect on
eliminating ulcer and promoting healing wounds [40].

Cerium: A study of human bio-kinetics of cesium in two forms 1) incorporated in food stuff (137cs in perch and
mushrooms) and 2) in ionic state (134cs in aqueous solution). Fecal excretion during first few days appears to account
for a minor fraction of maximum 2-3 % of the initial gastrointestinal content of cesium [41].

From the tables-1 & 2, we can conclude that, the minor elements Cu, As, Zr, Hg and Pb are present in all the sample
with very minute levels. Cu is highest in BV17 with 35.68 ppm in vegetable seeds ample and it is high in leafy-
vegetable sample BVL10. Among all these minor elements lead and Arsenic are toxic elements to the human
metabolism and their values are found very very low range in vegetable seeds samples and as well as leafy-vegetable
seeds samples. Similarly Zr values are also found at very minute levels in all the seeds samples.

Copper is an element necessary for the absorption and use of Fe in the formation of hemoglobin, part of many enzymes,
and helps in the formation of protective covering around nerves. It acts as a catalyst for oxidation. Copper [42]
deficiency may cause cardiovascular disease and over copper deficiency occurs, symptoms include, neutropenia,
cardiac discovers, osteoporosis and anemia [43]. Excess of copper is toxic. Arsenic takes a role in the metabolism of
methyl compounds and the deficiency of it will lead to impairment of growth reproduction and heart function.

Mercury poisoning (also known as hydrargyria or mercurialism) is a disease caused by exposure to Hg or its
compounds. In high enough doses mercury produces toxic effects. Toxic effects include damage to the brain, kidney
and lungs [44]. Mercury poisoning can result in several diseases, including acrodynia (pink disease) [45], Hunter-
Russell syndrome, and Minamata disease [46]. Symptoms typically include sensory impairment (vision, hearing, and
speech), disturbed sensation and a lack of coordination. Exposure to mercury can occur from breathing contaminated
air [47], eating foods that have acquired mercury residues during processing [48]. Exposure to mercury vapour in
mercury may cause amalgam dental restorations [49] and from improper use or disposal of mercury and mercury
containing objects, for example, after spills of elemental mercury or improper disposal of fluorescent lamps [50].

Lead absorption is due to contamination from the atmosphere and soil. While it is true that the detected level of Pb fall
below toxic level of Img/day. Zirconium, it is ubiquitous, being present in nature in amounts higher than most trace
elements. It is taken up by plants from soil and water and accumulated in certain tissues. Apparently, the metal is
neither an essential nor toxic element in the conventional sense. In this present study, the trace elements are Ga, Se
and Sr present in all the samples. From the above Fig. we can conclude that the element Ga range is as 0.019 in BV3
(Single-cross hybrid maize) to 2.59 in BV1 (Radish), Se range is as 0.012 in BV1 (Radish) to 1.55 in BV3 (Single-
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cross hybrid maize), Sr range 0.618 in BV10 (White eggplant) to 2.88 in BV1 (Radish). From the tables-1 & 2 we can
conclude that in this present study Ga, Se and Sr are trace elements and their range as in Ga with 0.0143 in BVL9
(Fenugreek greens) to 2.59 in BVL1 (Malabar spinach), Se with 0.01 in BVL1(Malabar spinach) to 0.25 in BVLS
(Spinach), Sr with 0.41 in BVL2 (Mint) to 2.88 in BVL1(Malabar spinach). Gallium apparently has no biological role
but is said to stimulate the metabolism. Gallium compounds appear not to be particularly toxic.

Selenium is essential for the thyroid gland functioning and thyroid hormone biosynthesis and metabolism. Selenium
is also required for the function at a small number of selenocysteine (Sec)-containing selenoproteins implicated in
thyroid hormone metabolism and gland function. These findings enforce the notion that many people might profit from
improving their Se status, both as a means to reduce the individual health risk as well as to balance a Se deficiency
which often develops during the course of illness leads to muscle and pancreas degeneration hemolysis.

Strontium chemically resembles calcium, but it is a white silvery metal softer than calcium and even more reactive
towards water due to this reason, the human body does a poor job of distinguishing and absorbed by the body and
stored in the skeleton in places where calcium should be. Strontium chloride is sometimes used in tooth pastes for
sensitive teeth. Strontium ranelate is used in treatment of osteoporosis.

Thus over all view of these results from vegetables seeds and leafy-vegetable seeds show that many of the medicinal
plants contain elements which have cardinal importance. Many major, Minor and trace elements required for the
growth and development of human metabolism in the human body. Results also show that some of the vegetables and
vegetable leaves contain toxic elements like Arsenic, Cesium, Mercury and lead but they are below the accepted toxic
levels [51].

4. Conclusion

The major, minor and trace elements in vegetable seed samples of Mokkajonna single and double cross, Beans, Cluster
beans, carrot, Tellavanga, bendakaya & bheerakaya and also leafy-vegetable seed samples of Bacchali, Pudeena,
Karivepaku, Munagaku. Palakura, Tella gongura, thotakura, menthikura and chukkakura have been detected by PIXE
technique, as it is one of the most powerful techniques for its quick multi-elemental trace analysis capability and high
sensitivity. As the different vegetables are having different concentrations of different elements, we can conclude that
these vegetable & leafy vegetable seeds are having their own vital roles in the treatment of diseases. In the present
study, the concentrations of K, P, Ca and S were present highly in all the samples followed by the remaining elements
in next major, minor and trace levels correspondingly.

The Macronutrients and Halogens (K, P, S, Cl, Ca) are present in the tier 1 of figure-5, whose ppm range is greater
than 100. These are very useful in human system for energy transfer and structural integrity reactions. The
Micronutrients (Fe, Mn, Zn, Cu, Ni, Si, Co) are present in the tier 2, whose ppm range is from 1 — 100. These are also
useful in enzymatic function and metabolic regulations. The trace and toxins (As, Pb, Hg, Ti, V, Ga, Se, Sr, Zr, Ce)
which are also known as heavy/trace metals present in tier 3, whose ppm range is less than 3. As, Pb, Hg, Sr are the
toxic elements which are harmful to the mankind at higher ranges. The element Iron (Fe) is more in leafy-vegetable
seeds than the vegetable seeds samples. Next element Zn is high in leafy-vegetable samples and vegetable seeds
samples. It is also found that the Fe, Mn, Zn, Cu, Si, Co elements are high in leafy-vegetable samples than the vegetable
seeds samples. Many of the nutritionist suggests intake of leafy vegetables is good for health; our findings (figure-6)
also supported it.

t has been found that all the trace and toxic elemental concentrations are nearly same in vegetable seeds and leafy-
vegetable seeds samples and which are within the safe ranges. Significantly, Potassium, Calcium, Phosphorous, zinc
are found as high in leafy-vegetable seeds, hence it is advisable to consume more leafy vegetables for better health.
Similarly, in the present study the iron concentration is also observed as high in leafy-vegetables. So at low cost, it is
very useful to overcome the iron deficiency. It is also use full to the pregnant ladies, anemia patients, etc. Observing
the elemental concentration from the table, we can select and use the particular medicinal vegetable plant as per
requirement by knowing the functional values of different elements. Hence the present study establishes the multi
elemental analysis capability of PIXE and its use in biological field.
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