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ABSTRACT
Vegetal crop species are vital sources of raw material for pharmaceutical industries and modern-day
naturopathic based human therapeutics. Systematic analysis of the macro and micro mineral elements
thus facilitates evaluation of nutritional composition and mineral accumulated by edible plants. The
main objective of the present study is to quantify the non-essential heavy metals like Ni, Cr, Cu & Pb
and essential Minerals like Fe, Mg, K, Na, Ca & P in some edible parts of Coccinia grandis using
Atomic Absorption Spectrophotometer (AAS). The results were compared with the safety standards
established by the World Health Organization (WHO). The micronutrients including Fe, Mn and Cu
were found to be in the range of 18 – 1794 ppm, 25 – 350 ppm and 3.18 – 9.81 ppm respectively. The
macronutrients were observed to be in range of Ca (70-1550 ppm), Mg (347 - 1612 ppm), K (779 - 1356
ppm), Na (8-165 ppm), and P (0.18- 1.66 ppm) respectively. The quantity of Ni and Pb were found to
be in higher ranges than the reported by international regulatory standards of vegetable plants. Thus
present study endeavors to unveil the nutritional potential as well as bioaccumulation and
biomagnifications of trace toxic heavy metals by this edible vegetable species.
Keywords: C. grandis, Atomic Absorption Spectrophotometer, Bioaccumulation, Biomagnification.

INTRODUCTION
Edible vegetal plant species are potent
sources of polysaccharides, sugars, vitamins,
minerals and organic acids which not only
regulate their taste but also befit them with
different medicinal properties (Grembecka &
Szefer, 2013). The fruits and vegetables
contain high amounts of chemically active
compounds, such as phenolic compounds (Hui
et al., 2006), antioxidants and other
biologically active ingredients that bestow
medicinally active ingredients. The potency of
biological active ingredients in vegetables is
observed to directly proportional to in-situ
availability
of
edaphic
macro
and
micronutrients (Park et al., 2011).
Bioaccumulation of toxic heavy metals by
vegetal crops has become a major challenge
for farmers and plant breeders as wells as
consumers (Zukowska & Biziuk, 2008). Air,
soil, and water pollution contribute to presence
of cadmium (Cd), mercury (Hg), Nickel (Ni)
and lead (Pb) in foods. The occurrence of
heavy metals in the ecosystem is associated
with rapid industrial growth, overuse of
synthetic agricultural chemicals, or waste-
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water irrigation (Mapanda et al., 2005).
Previous
studies
have
reported
that
vegetables can take up and accumulate trace
minerals and heavy metals in quantities high
enough to cause clinical problems to humans
(Alam et al., 2003). The consumption of such
contaminated food can seriously deplete
essential nutrients in the human body causing,
or contributing to, a number of diseases (Arora
et al., 2008). Therefore it is a critical challenge
to determine the concentration of essential
elements, heavy and toxic metals among
edible vegetal crops to ensure that levels
meets the related standards or regulations
limiting
their
concentration
in
herbal
formulations (Maghrabi, 2014).
Coccinia grandis L. voigt (Ivy gourd), member
of family Cucurbitaceae, is the most important
vegetable and medicinal plant, distributed in
Asian and African continent. It is a climber and
trailer. The fruit, young leaves and shoot tips
of ivy gourd are used in Asia for cooking
purpose (Muniappan et al., 2009). Every part
of this plant is valuable in medicine and
various preparations have been mentioned in
indigenous system of medicine and unani
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systems of medicine for skin diseases,
bronchial catarrh, leprosy, fever, asthma,
infective hepatitis, jaundice and sore throats
(Yadav et al., 2010, Mazumdar et al., 2008,
Ashwini et al., 2012). Aqueous and ethanolic
extracts from the plant have shown analgesic,
hypoglycemic principles and hepatoprotective
(Munasinghe et al., 2011, Deokate and
Khadabadi, 2011). Also the plant is used as
one of the natural resources as a supplement
of macro- and micro- mineral elements for
treatment of deficiencies and malnourishments
(Sadou H et al. 2007).
The present research study endeavors to
quantify the non-essential heavy metals like
Ni, Cr, Cu & Pb along with essential minerals
like Fe, Mg, K, Na, Ca & P in some edible
fruits of Coccinia grandis using Atomic
Absorption Spectrophotometer (AAS) collected
from six different geological and edaphic
conditions in West Maharashtra, India. In light
of multifarious appliance of whole plant
especially the edible parts of C. grandis in
human therapeutics, the knowledge of the
elemental and nutritional quotients amid the
land races becomes requisite. In present study
for the first time the mineral composition has
been evaluated from geologically distinct
landvars of C. grandis and an attempt has
been made to set down a preliminary platform
of nutritional composition and bioaccumulation
competence of this vegetal crop.
EXPERIMENTAL
Collection of Plant material
Fresh edible fruit samples of Coccinia grandis
were collected from local markets / fields of 6
different locales in West Maharashtra namely
Andheri, Aurangabad, Badlapur, Chiplun,
Pune and Palghar. The samples were
identified by Blatter herbarium, Mumbai
(Herbarium specimen no 16696). The plant
samples were thoroughly washed with tap
water and rinsed with 70% alcohol and distilled
water, blot dried and weighed.
Plant extract and Organic Digestion
The plant extracts were prepared by acid
digestion as described by Chatage et al.
(2012), where 5 grams of plant material was
crushed and dissolved in concentrated HNO 3,
following which it was subjected to slow
heating to facilitate particle dissolution and
obtaining a clear solution. On cooling
Perchloric acid was added and strongly heated
till the volume was reduced to 2- 3 ml. The
extract was cooled, diluted with deionized and
was stored for further analysis.
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Preparation of Standard Solutions
Determination of the metal concentration in the
experimental solution was based on the
calibration curve plotted for elements like Cu,
Ni, Cr, Pb, Ca, Mg, P, Na, Fe, K, Mn at stock
solutions of 1000 ppm in de- ionized water
respectively. The instrument (AA-301, Thermo
fisher Scientific, AAS) was calibrated using
calibration blank and threes series of
measurement was conducted for each
element under analysis (Kanakaraju et al.,
2007).
STATISTICAL ANALYSIS
The metals concentrations in the samples
were characterized by arithmetic mean value,
the corresponding standard deviation (SD),
average deviation (AD) and ranges for wet
weight basis. Statistical analysis was
performed using SPSS software and the data
were analyzed by an analysis of variance (p <
0.05). All measurements were replicated three
times.
RESULT AND DISCUSSION
In present research inquisition quantitative
analysis employing AAS of fruits of C. grandis
unveiled presence of essential elements like
Na, K, Ca, Mg, Mn, Fe and P, along with
considerable concentration of toxic heavy
metals like Cr, Pb, Ni and Cu. The repertoire
of mineral elements were found to vary widely
amid edible fruits of C. grandis (Fig. 1, 2) and
their concentrations in parts per million (ppm)
are as indicated in Table 1. Also the elemental
composition appeared to be proportional to the
metal concentration in the respective soil (data
not shown).
The daily mineral requirements of an adult
man (a 70 kg person) are as follows 15 mg Fe,
2.8 mg Mn, 15 mg Zn, 2.5 mg Cu, 0.025 mg
Ni, 0.05- 0.2 mg Cr, 0.415 mg Pb and 0.057
mg Cd (Ebrahimzadeh et al., 2011). A number
of these elements have been reported with
high biochemical essence and are involved in
upregulating the formation of secondary
metabolites which are responsible for
pharmacological actions of vegetal species
(Tangahu et al., 2011). Trace elements are
also essential to all cells and deficiencies of
essential metals may cause disease in
humans.
The concentration of iron in the Coccinia
grandis in present study was recorded in
range of 18 ppm (Badlapur) to 1794 (Palghar).
The WHO recommended daily dietary limit of
iron for human consumption is 10 to 60
mg/day (ATSDR 1994b). Furthermore Iron is
actively involved in preventing disorders like
anemia
and
cough
associated
with
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angiotensin-converting
enzyme
(ACE)
inhibitors, pallid physique (Khan K. et al.,
2011) while hyperaccumulation of Fe can lead
to hepatic megaly, cardiac infraction, nephric
malfunction (Rathanavel & Arasu, 2013). In
addition, Mn and Fe play vital roles in
biochemical processes, improvement of
impaired glucose tolerance and have indirect
role in the management of diabetes mellitus
(Choudhury et al., 2007). Also vegetal species
from Cucurbitaceae are reported as good
absorbers of Fe from soil (Khan F. et. al.,
2012). Thus wide variation in Fe concentration
can be attributed to the in- situ geological and
edaphic mileu and also the plants from North
Maharashtra appear to absorb moderate
concentrations of Fe, while some of the geoedaphic mileu as well the landraces were
reported with higher Fe concentrations.
Manganese (Mn) and Magnesium (Mg) are
among the most abundant elements in edible
fruits of Cucurbitaceae. Manganese (Mn) is
known to assist the body in metabolizing
protein, carbohydrates and used in treating
diabetes. Magnesium (Mg) improves insulin
sensitivity, protect against diabetes and its
complications and reduce blood pressure. The
necessary daily intake is 350 mg/day for men
and 300 mg/day for women, while the
permissible concentration of Mn in vegetal and
medicinal plants has not yet been established
the WHO (2005) limits (Rathanavel & Arasu,
2013). The concentration of Mn and Mg was
found in the range of 25 – 350 ppm and 347 –
1612 ppm in edible wild landraces of C.
grandis. Thus the landraces from North
Maharashtra (i.e. Thane, Badlapur regions)
were recorded with higher concentrations of
Mg and Mn, whilst very low concentrations of
same were recorded in landrace from central
Maharashtra (Palghar) (Fig. 1, 2).
Potassium (K) is helpful in reducing
hypertension and maintaining cardiac rhythm
and Sodium (Na) involves in the production of
energy, transport of amino acids and glucose
into the body cells (Hashmi et al., 2007). The
range of Na and K concentrations was
observed to be 779 – 1356 ppm and 8- 165
ppm respectively. Copper (Cu) play important
role in treatment of chest wounds and prevent
inflammation in arthritis and similar diseases.
Highest concentration of Ca was found in the
edible wild races from East Maharashtra
(Aurangabad) and a range from 70 – 1550
ppm was detected in selected landraces.
Previous reports have indicated that Calcium
helps to overcome the problems of high blood
pressure,
heart
attack,
premenstrual
syndrome, colon cancer and keeping the
bones strong and reduces the risks of

Vol. 5 (4) Oct-Dec 2016

ISSN: 22775005

osteoporosis in old age (Rathanavel & Arasu,
2013). Copper (Cu) and Nickel (Ni) are
required in trace amounts in human body. The
maximum concentration of Cobalt was found
as 9.81 ppm in landraces from Central
Maharashtra (Thane) and 3.18 ppm from
landraces from Aurangabad.
Copper is employed to treat several different
types of cancer in humans and anemia but the
intake of high amount can cause heart
diseases. The health benefits of Ni are optimal
growth, healthy skin, bone structure and
involved in iron metabolism but it is required in
low quantity, otherwise it may cause toxicity
(Hashmi et al., 2007). Chromium (Cr)
improvises the balancing of blood sugar levels,
regulates hunger, reduces cravings, protects
DNA and RNA, improves heart function and
helps control fat and cholesterol levels in the
blood (Rathanavel & Arasu, 2013). The
landraces from Palghar was observed to have
highest concentration that is 38.88 ppm (Table
1) of Cr.
Lead (Pb) is toxic metal and non-essential
element for human body as it causes a rise in
blood pressure, kidney damage, miscarriages
and subtle abortion, brain damage, declined
fertility of men through sperm damage,
diminished learning abilities of children and
disruption of nervous systems (Cooper et al.,
1999). The permissible limit set by FAO/ WHO
(1984) in edible plants was 0.43 ppm
(Rathanavel & Arasu, 2013). The presence of
these heavy metals in almost all the landraces
of C. grandis analyzed herein thus reflects
their natural capacity of sorption of these
heavy metals although they were collected
from unpolluted natural habitats and therefore
can be considered for in-situ metal chelation
(Obiajunwa et al., 2002). However further
analysis of C. grandis prior being employed for
phytoremediation is recommended, as the rate
of metal sorption may vary in different
geotypes as the phenomenon of metal
sorption is dependent on extraneous
environmental factors , season of collection,
age of plant and edaphic conditions.
Vegetables are found all over the world and
they have a good potential for human nutrition.
The channel of absorption of molecules and
ions by plants is selective; plant cells
categorize between substances presented to
them, accumulating some and excluding
others. However, the discrimination process is
not perfect, so plants can take up metals in
toxic quantities (Sanchez-Castillo et al., 1998).
The use of sewage sludge for agriculture
purposes could also lead to higher uptake of
chromium by plants
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CONCLUSION
The data obtained in present study will be
helpful in understanding preliminary nutritional
composition amid different landraces of C.
grandis. The elemental profile detected in this
wild / edible vegetal species shows that many
of these fruit contain elements of vital
importance in human metabolism and that are
needed for growth, development, prevention
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and treatment of many diseases in reasonable
concentration. The trace elements present in
this species may play a direct or indirect role in
their biological activities. Since the beneficial
effects of trace elements are consequently
bioavailability, further research is needed to
establish the chemical form of trace elements
in these plants.

Table 1: Essential mineral elements and Heavy metals evaluated
in six C. grandis from Maharashtra
Element/
Location
Pune
Thane
Palghar
Aurangabad
Chiplun
Badlapur
SD

Cu
(ppm)
3.53
9.81
4.59
3.18
4.24
3.18
2.541

Ni
(ppm)
0
4.89
0
3.12
2.7
0
2.088

Cr
(ppm)
21.55
32.46
38.88
24.27
32.46
19.74
7.504

Pb
(ppm)
4.2
32.46
9.58
5.2
9.5
16.31
10.50

Ca
(ppm)
1320
980
70
1550
350
480
583.5

Mg
(ppm)
452.5
1612.8
603
399.6
585
347.5
474.3

P
(ppm)
0.15
0.18
0.12
0.23
0.14
0.21
0.042

Na
(ppm)
65
145
165
8
50
80
59.29

Fe
(ppm)
24
1452
1794
24
630
18
791.8

K
(ppm)
779.4
1356.4
1100.16
1152
1222.2
852.4
221.05

AM

4.755

1.785

28.22

12.87

791.6

666.7

0.171

85.5

657

1077.1

AD
1.685
1.785
5.462
7.673
491.6
315.3
Key: SD: Standard deviation, AM: Arithmatic Mean, AD: Average Deviation

0.035

46.33

644

174.12

Fig. 1: Composition of Essential mineral elements in six landraces of C. grandis
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Mn
(ppm)
55
350
25
85
240
280
134.78
172.5
172.5
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Fig. 2: Concentraion of Heavy metals detected in six landraces of C. grandis

REFERENCES
1. Alam MG, Snow ET and Tanaka A.
Arsenic
and
heavy
metal
contamination of vegetables grown in
samta village, Bangladesh. Sci Total
Environ. 2003;308:83- 96.
2. Arora M, Kiran B, Rani S, Rani A and
Kaur B. Heavy metal accumulation in
vegetables irrigated with water from
different
sources.
Food
Chem.
2008;111:11-815.
3. Ashwini M, Lather N, Bole S,
Vedamurthy A and Balu S. Invitro
antioxidant
and
anti-inflammatory
activity
of
Coccinia
grandis.
International Journal of Pharmacy and
Pharmaceutical Sciences. 2012;4(3):
239-242.
www.ijppsjournal.com/Vol4Issue3/396
1.pdf
4. ATSDR
1994b
http://www.atsdr.cdc.gov/toxprofiles/in
dex.asp\
5. Chatage VS and Bhale UN. Mineral
content changes due to the fruit rot
fungal pathogen of Ivy gourd (Coccinia
indica Wigth & Arn).International
Journal of Pharma and Bio Sciences.
2012;
2
(4):
262
–
265.
http://www.ijpbs.com/view.php?iid=38
6. Choudhury RP, Reddy AVR and Garg
AN. Availability of Essential Elements
in Nutrient Supplements Used as
Antidiabetic
Herbal Formulations.
Biological Trace Element Research.

Vol. 5 (4) Oct-Dec 2016

7.

8.

9.

10.

2007;
120
(1):
148–162.
http://link.springer.com/article/10.1007
/s12011-007-8022-6.
Cooper EM, Sims JT, Cunningham
SD, Huang JW and Berti WR. Chelate
assisted phytoextraction of lead from
contaminated
soils.
The Journal of Environmental Quality.
1999;
28:
1709-1719.
https://dl.sciencesocieties.org/publicati
ons/jeq/abstracts/28/6/
JEQ0280061709.
Deokate UA and Khadabadi SS.
Pharmacology and phytochemistry of
Coccinia
indica.
Journal
of
Pharmacognosy and Phytotherapy.
2011.3(11):155-159.
http://www.academicjournals.org/journ
al/JPP/article-abstract/04B50AA3802
Ebrahimzadeh MA, Eslami S, Nabavi
SM, Nabavi SF, Moghaddam AH and
Bekhradnia
AR.
Estimation
of
Essential and Toxic Mineral Elements
in Mentha Species. Asian Journal of
Chemistry.
2011;23(4):1648-1650.
www.asianjournalofchemistry.co.in/Us
er/
View
FreeArticle.aspx?ArticleID=23_4_54.
Grembecka M and Szefer P.
Comparative assessment of essential
and heavy metals in fruits from
different
geographical
origins.
Environmental
Monitoring
and
Assessment. 2013;185: 9139–916.
DOI
10.1007/s10661-013-3242-z.

www.ijpcsonline.com

228

INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES

11.

12.

13.

14.

15.

16.

17.

http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3787803/
Hashmi DR, Ismail S and Shaikh GH.
Assessment of the level of trace
metals in commonly edible vegetables
locally available in the Market of
Karachi. Pakistan Journal of Botany.
2007;
39(3):747-751.
www.pakbs.org/pjbot/PDFs/39(3)/PJB
39(3)747.pdf
Hui YH, Barta J, Cano MP, Gusek
TW, Sidhu JS and Sinha NK.
Handbook of Fruits and Fruit
Processing. USA: Wiley-Blackwell.
2006.
http://onlinelibrary.wiley.com/
doi/10.1002/9780470277737.fmatter
/pdf
Kanakaraju D, Mazura NA and
Khairulanwar A. Relationship between
metals in vegetables with soils in
farmlands of kuching, Sarawak.
Malaysian J. Soil Scie. 2007;11:57-69.
www.msss.com.my/mjss/Full%20Text/
.../Devagi%20et%20al_vol%
2011_
2007. pdf.
Khan F, Sarfaraz N, Shaheen S,
Saeed A, Sial ZK, Khan SJ and Shafiq
M. Comparative evaluation of copper,
cobalt, cadmium and iron scavenging
efficiency by in-vivo and in-vitro grown
Momordica charantia using atomic
absorption spectroscopy. Journal of
Medicinal
Plants
Research.
2012;6(17):3301-3305.
http://www.academicjournals.org
/journal/JMPR
/articleabstract/BEB8ED216331.
Khan KY, Khan MA, Niamat R, Munir
M, Fazal H, Mazari P, Seema N,
Bashir T, Kanwal A and Ahmed SN.
Element content analysis of plants of
genus Ficus using atomic absorption
spectrometer. African Journal of
Pharmacy
and
Pharmacology.
2011;5(3):317-321.
www.academicjournals.org/article/artic
le1380788966_Khan %20et%20al.pdf
Magrabhi
IA. Determination of
Minerals and some heavy metals in
Saudi Arabia popular herbal drugs
using modern techniques. African
journal
of
Pharmacy
and
Pharmacology. 2014; 8(39):10001005.
www.academicjournals.org/article/artic
le 1411125147_ Maghrabi.pdf
Mapanda
F,
Mangwayana
EN,
Nyamangara J and Giller KE. The
effect of long- term irrigation using
waste water on heavy metal contents

Vol. 5 (4) Oct-Dec 2016

18.

19.

20.

21.

22.

23.

ISSN: 22775005

of soil under vegetables in Harare,
Zimbabwe.
Agric.
Ecosyst.
Environment. 2005;107:151- 165.
http://www.sciencedirect.
com/
science/article/pii/S016788090400356
1
Mazumder PM, Sasmal D and Nambi
RA. Anti-ulcerogenic and anti-oxidant
effects of Coocinia grandis (L.) Voigt
leaves on aspirin induced gastric
ulcers in rats. Natural Product
Radiance.
2008;7(1):15-18.
nopr.niscair.res.in/bitstream/12345678
9/5638/1/ NPR% 207(1)%2015-18.pdf.
Munasinghe MAAK, Abeysena C,
Yaddehige IS, Vidanapathirana T and
Piyumal KPB. Blood sugar lowering
effect of Coccinia grandis (L.) J.: Path
for a new drug for Diabetes Mellitus.
Experimental Diabetes Research.
2011;article
ID
978762.
https://www.hindawi.com
/journals/jdr/2011/978762/
Muniappan R, Reddy GVP and
Raman A. Coccinia grandis (L) Voigt
(Cucurbitaceae): Biological control of
tropical weeds using Arthropods.
Cambridge
University
Press.
2009;175-182
ISBN: 978-0-52187791-6.
http://www.wptrc.org/userfiles/file/
Reddy /pages%20173-180.pdf
Obiajunwa EI, Adebajo AC and
Omobuwajo OR. Essential and trace
element contents of some Nigerian
medicinal plants. The Journal of
Radioanalytical and Nuclear
Chemistry. 2002; 252(3):473-476.
http://www.akademiai.com/doi/abs/10.
1023/A%
3A1015838300859?journalCode=
10967.
Park B, Shin A, Park SK, Ko KP, Ma
SH, Lee EH, Gwack J and Jung EJ.
Ecological study for refrigerator use,
salt, vegetable, and fruit intakes, and
gastric cancer. Cancer Causes &
Control.
2011;22:1497–1502.
http://www.ncbi.nlm.nih.gov/pubmed/2
1805052.
Rathanavel
C
and
Arasu
P.
Quantification of heavy metals and
minerals in selected Indian Medicinal
plants
using
atomic
absorption
spectrophotometer.
International
Journal of Pharma and Bio Science.
2013;
4
(3),
897
–
908.
http://www.ijpbs.net/
cms/php/upload/2485_pdf.pdf.

www.ijpcsonline.com

229

INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES
24. Sadou H, Sabo1 H, Alma MM, Saadou
M and Leger CL. Chemical content of
the seeds and physico-chemical
Characteristic of the seed oils from
citrullus colocynthis, Coccinia grandis,
cucumis metuliferus and cucumis
prophetarum Of Niger. Bull. Chem.
Soc. Ethiop. 2007; 21(3):323-330.
https://www.readcube.com/unsupporte
d/10. 4314/bcse.v21i3.21213
25. Sanchez-Castillo CP, Dewey PJS,
Aguirre A, Lara JJ, Vaca R, de la
Barra PL, Ortiz M, Escamilla I and
James WPT. Mineral Content of
Mexican Fruits and Vegetables. J.
Food Compos. Anal. 1998;11:340356.
http://agris.fao.org/agrissearch/search.do?
recordID=US
201302908183.
26. Tangahu BT, Sheikh SRA, Basri H,
Idris M, Anuar N and Mukhlisin M. A
Review on heavy metals (As, Pb, and
Hg) uptake by plants through
Phytoremediation.
International
Journal of Chemical Engineering,

Vol. 5 (4) Oct-Dec 2016

ISSN: 22775005

Hindawi Publishing Corporation. 2011;
Article
ID
939161,
doi:10.1155/2011/939161.
http://www.hindawi.com/journals/ijce/2
011/939161/
27. Yadav G, Mishra A and Tiwari A.
Medicinal properties of Ivy gourd
(Cephalandra indica): A Review.
International Journal of Pharm.
Research
and
Development.
2010;12(9):92-98.
https://www.researchgate.net/publicati
on/215730346_Medical_
Properties_Of_Ivy_Gourd_Cephalandr
a_Indica_A_Review.
28. Zukowska
J
and
Biziuk
M.
Methodological evaluation of method
for dietary heavy metal intake. 2008.
Journal of Food Sciences; 73: R21R29.
doi:
10.1111/j.17503841.2007.00648.x.
http://www.ncbi.nlm.nih.gov/
pubmed/18298744.

www.ijpcsonline.com

230

