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Abstract
Decalepis hamiltonii Wight & Arn. (DH, family: Asclepiadaceae) is an endemic and endangered
plant in India. The plant is commonly known as Swallow root and rarely located in Bangalore,
Karnataka . The present study was revea led to establish proximate analysis, phytochemical
screening and antioxidant activity on leaves and root methanolic extract of the domesticated DH
plant. Moisture content and ash content was estimated for both leaves and roots and gave higher
values for leaves (7.4 % and 6.7 %, respectively) than roots. Thereafter, various elements such
as Fe, Cu, Zn, Cd, Cr, Pb, Ni, As, K, P, Ca and Na were estimated and revealed absent of non
essential heavy metals (Cd, Cr, Ni, Pb, As) in leaves whereas below detectable limits of the same
was detected for root sample. Various chemical tests for leaves and roots were carried out and
revealed presence of flavonoids, tannins, glycosides, steroids, terpenoids, carbohydrate and phenols.
Furthermore, total phenolic, total flavonoids content was resulted higher for leaves extracts and
the same trend followed for antioxidant activity when IC 50 values were compared with standard
ascorbic acid and roots extract. Finally concluded that leaves extract had powerful antioxidant
properties than roots extracts and the activity was dose dependent manner.
Key words: Decalepis hamiltonii Wight & Arn. antioxidant studies, elemental analysis, methanol
extract, phytoconstituents, proximate analysis

1. Introduction
Since ancient time, a vast number of species have gone extinct from
natural processes. Today, most plant species become extinct because
of habitat destruction due to large population, introduction of nonnative organisms and direct cutting. The value of endangered species
has increased with the recognition that human activities cause
extinction. In general, benefits of plant species are classified as
ecological, economic and social with identification of higher
therapeutical activities. Many traditional medicines rely mostly on
medicinal plants which are further dependent on chemical races.
Chemical races with respect to genetic diversity and ecological
diversity are both components of biological diversity of endangered
plant. Survival ability of a species in environmental change is
directly depends on genetical diversity. Decalepis is such an
example of climbing shrub with aromatic tuberous roots plant belongs
to an endangered and is characterized by its ability to exist under
different climatic conditions. The plant has domesticated from the
natural habitat and surely there are many changes occurred along
with many physical and metabolic changes especially in chemical
constituents.
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Looking at that the present plant Decalepis hamiltonii Wight &
Arn. (DH), belongs to family Asclepiadaceae, was selected which
is grown only in the Southern part of India. The plant is commonly
known as swallow root plant. It grows in between the rocks. Milky
latex is present in the entire plant especially in leaves and roots
(Vedavathy, 2004). Traditionally, the root is used as health drink
and currently it is used as various food preparations, consumed as
pickles and beverages (Harish et al., 2005; Reddy et al., 2007) and
plenty pharmaceutical applications (Wealth of India, 1959).
Research evidences revealed the root contain volatile oil, main
chemical component as 2-hydroxy-4-methoxybenzaldehyde. Apart
from that, root also contains benzaldehyde, salicylaldehyde, methyl
salicylate, vanillin (Nagarajan et al., 2001), beta amyrin acetate,
alpha and beta amyrin (Murti and Seshadri, 1941). The root of this
plant is use for treatment of skin diseases, blood purifier, diarrhoea,
diuretics, etc. (Chopra et al., 1956; Dey et al., 1999; Arutla et al.,
2012). It is also used in Parkinson’s diseases (Johromi et al., 2015).
Recent study established antioxidant nature of root extract. 4hydroxyisophthalic acid (4-HIPA) isolated from aqueous extract
of D. hamiltonii roots and studied for treatment of neurodegenerative
disorders by cellular antioxidant defense system (Haddadi et al.,
2016). Whereas, very few reports of leaves extracts on therapeutic
effects, as antimicrobial effect was revealed recently (Rajani et al.,
2016). Hence the present study has undertaken to establish detail
proximate analysis, phytochemical screening and antioxidant study
of leaf and root methanolic extracts of DH and explore their new
area of therapeutic applications.
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2. Materials and Methods

2.3 Proximate analysis

2.1 Collection of plant material

Dried leaves and roots were analyzed for moisture content, ash
content as the method described by the (AOAC, 2010) , various
metals and heavy metal (Zn, Fe, Cd, Cu, Pb, Ca, Ni, As, Cr and P)
content by Atomic Absorption Spectrophotometer (ModelAanalyst 100, supplied by Perkin Elmer, USA ) using di-acid
digestion method (H 2SO 4: HClO4 = 6:4) at various wave length using
air acetylene gas mixture. Thereafter, K and Na were determined by
using flame photometer (Das et al., 2016). Both the samples were
triplicate analyzed for the reproducibility of the method and the
mean values of concentrations for each element has been reported
along with standard error mean (SEM). The risk assessment code
(RAC) of metals in leaves and roots was performed following the
procedure described by Singh et al. (2005) as:

The leaves and roots were collected from garden of Krupanidhi
College of Pharmacy after authenticated by Dr. Rajasekharan, P.E,
Principal Scientist, Indian Institute of Horticultural Research,
Hessaraghatta, Bangalore. The plant materials were collected during
August, 2017 and also kept for herbarium for future reference (H.
No: KCP/PCOG/ Decalepis hamiltonii-1 /2017) (Figure-1).
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where, “Fn” is the concentration of metal in ‘nth’ fraction.
2.4 Phytochemical studies

(a) Leaves of DH.

Presence of various secondary metabolites such as glycosides,
alkaloids, tannins, steroids, lipids, carbohydrates, saponins,
flavonoids, phenolic contents, etc., were identified preliminary by
various chemical tests as per the method described by Kokate
(2001).
2.5 Estimation of total phenols

(a) Leaves of DH
Figure 1: Leaves and root part of domesticated DH plant.

2.2 Extraction of plant materials
Both leaves and roots were cleaned with running tap water then
dried under shade for 6-8 days. After drying, both are powdered
separately by hand mixer grinder and kept for proximate analysis
by sealed plastic cover to prevent moisturization. Thereafter,
methanol (80%) solvent was used separately for both the parts
(leaves and roots) extraction using soxhlet apparatus for 8-9 hours.
250 g of each sample was extracted separately with 500 ml of
solvent methanol to procure the crude extracts. After completion
of extraction, the extracts were filtered and evaporated by rotary
flash evaporator at 45°C and further yield was calculated for both
separately. The crude extracts were preserved in small glass bottles
at refrigeration condition at 4-5°C for further investigation.

The total phenolic content was determined by Folin-Ciocalteu’s
method using spectrophotometre (Kim et al., 2003) for both roots
and leaves of DH . 1 ml of sample (1 mg/ml) was mixed with 1 ml of
Folin-Ciocalteu’s phenol reagent. After 5 min, 10 ml of a 7% Na 2CO 3
solution and 13 ml of deionized distilled water was added and
mixed thoroughly. The mixture was kept in the dark for 1.30 h. at
23°C for the reaction (blue color form). Gallic acid was used as a
standard by prepared dilution of 10, 20, 30, 40, 50 and 60 g/ml
and absorbance was taken at 765 nm. The total phenolic content
was determined from extrapolation of calibration curve and was
expressed as mg of gallic acid equivalent (GAEs) per g of extract (GA
mg/g). The estimation of the phenolic compounds was carried out
in triplicate using the formula:
T = (C x V)/M

where, T = Total phenolics, mg/g plant extract, in GAE; C = Gallic
acid concentration established from the calibration curve (µg/ml); V
= volume of extract (ml); M = weight of the extracts (g).
2.6 Estimation of total flavonoids
Total flavonoid content was measured by Aluminium chloride
colorimetric assay (Park et al., 2008). In a 10 ml test tube, 0.3 ml of
extract, 3.4 ml of 30% methanol, 0.15 ml of NaNO2 (0.5 M), 0.15
ml of AlCl3.6H2O (0.3 M) and 1 ml of NaOH (1 M) were added and
mixed properly. Rutin standard solution was also prepared for
standard curve (10, 20, 30, 40, 50 and 60 g/ml). The solution was
mixed well and the absorbance was measured at 506 nm. The total
flavonoids were expressed as mg of rutin equivalent (RuE)/g of
dried extract.
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2.7 Antioxidant study
Oxidation is a chemical reaction that produces free radicals. These
free radicals can damage cells which are prevented by antioxidants.
An antioxidant agent is inhibits the oxidation of other molecules
and protect cells from oxidation. There are many methods for
determination of antioxidant activity. In the present study DPPH
and hydrogen per oxide scavenging activity were used.
2.8 DPPH assay
Both the extracts were tested for their free radical scavenging activity
against the stable free radical 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) and their activity was quantified using spectrophotometer
(Brand-Williams et al., 1995) at 517 nm after 30 min. in dark (for
reaction). 1ml of 0.1 mM DPPH solution in methanol was mixed
with 1ml of plant extract solution of varying concentrations (25,
50, 100, 150 and 200 µg/ml). Corresponding blank samples were
prepared using mixed 1ml methanol and 1ml DPPH solution
methanol. L-ascorbic acid was used as reference standard (1-100
µg/ml) and the experiment was done in triplicate. The IC50 value
(µg/ml) of the sample, i.e., the concentration of sample required to
inhibit 50% of the DPPH free radical, was calculated by linear
regression. The percentage scavenging was calculated using the
following formula:
DPPH Scavenging effect (%) = [ (Acontrol– Asample/ Acontrol) × 100]

2.9 Hydrogen peroxide scavenging activity
Hydrogen peroxide solution (2 mmol/l) was prepared in phosphate
buffer (pH 7.4). 0.5 ml of extract at various concentrations (25, 50,
100, 150 and 200 µg/ml) was added to hydrogen peroxide solution.
For each concentration, a separate blank sample was prepared.
Absorbance of hydrogen peroxide by spectrometer at 230 nm was
determined, followed by after 15 min. reading calculated for blank
solution containing phosphate buffer without hydrogen peroxide
(Nabavi et al., 2009). The percentage inhibition of H2O2 scavenging
activity was calculated using the below formula:
% scavenging activity = [1- (Absorbance of test / Absorbance of
control)] × 100
2.10 Statistical analysis
Data are expressed as mean ± SEM from three replications. For
antioxidant assays, One-way ANOVA test followed by post Tukey’s
test (p < 0.05) was used to analyze metallic contents and the
differences among IC50 of various extracts for different antioxidant
assays. The IC50 values were determined using the Graph Pad Prism
5 software. p values less than 0.05 were considered to be statistically
significant.

3. Results

Figure 2: Percentage yield of methanolic DH leaves and root extracts.

3.2 Proximate analysis
3.2.1 Moisture content and total ash content
The powdered leaves and roots were estimated for moisture content
and total ash content using moisture pan balance as well as heating
at 450 °C in muffle furnace, respectively. Results revealed shade
dried leaves contain more ash and moisture than roots (Table 1).
Table 1: Determination of physical parameters in DH leaves and
roots
DH plant
parts

M o istur e
content (%)

As h
content (%)

Leaves

5 g powder

7.4

6.7

Roots

5 g powder

3.6

3.8

3.2.2 Elemental analysis
AAS was used for determination of various metals especially heavy
metals in roots and leaves of DH . Results showed below detectable
limit of non essential heavy metals such as Cd, Pb, Ni and As whereas
Zn, Cu, Fe, Ca, Na, K, and P contents were detected quite significant

amount in both leaves and roots. The accuracy and precision of the
analyzed report for metals were checked against SRM-2709 (San
Joaquin soil from the National Institute of Standards and Technology,
Gaithersburg, MD ) and SRM-1645 (river sediment from the National
Bureau of Standards, Washington, D.C.) and showed all the certified
and reference elements were within the expected values (95 to
110% recovery). Leaves showed presence of K, Zn and Fe in higher
concentration than that of roots whereas Cu, Ca, Na, and P contents
were higher in roots (Table 2 and 3). RAC was determined as per
method described by Singh et al. (2005) to identify the metal release
risk in leaves and root samples as well as their uptake pattern by
growing plants (Table 4).
Table 2: Concentra tion of elements (mg/kg) in methanolic leaves
and roots extract of DH. Same letter(s) in a particu lars
column between two samples represent non-significa nt
difference in particular element
Sample

Extractants

P

K

Na

Ca

Zn

Cu

Fe

Leaves

Methanol

13.42a
±
0.12

42.02b
±
0.24

44.23b,c
±
0.10

28.01a
±
0.02

5.42a,f
±
0.23

5.43a
±
0.02

18.32a
±
0.22

Roots

Methanol

16.03a
±
0.42

28.87a
±
0.31

57.20b,d
±
0.11

47.11b,e
±
0.03

4.22a,f
±
0.40

8.30a
±
0.04

8.14a,g
±
0.11

3.1 Yield of the extracts
The yield of the extracts of DH leaves and roots was estimated after
methanolic extract and the results revealed that root extract contains
more percentage of extractive (8%) than leaves extract (6.8%) and
was tabulated in Figure 2.

Total
amount

Mean ± SEM; One-way ANOVA followed by post Tukey’s comparison
with all pair of columns; (p < 0.05 = significant);
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Table 3: Concentration of non essential heavy metals (mg/kg) in
methanolic leaves and roots extract of DH; Same letter(s)
in a particulars column between two samples represent nonsignificant difference in particular element
Sample Extractants

Cd

Leaves Methanol
Roots Methanol

ND
0.34 ± 0.02

Pb

Ni

As

Cr

ND
ND
0.02 ± 0.01
ND 0.06 ± 0.10 0.24 ± 0.01

ND
ND

ND: Not detectable (detectable limits of Cd, Cr, Ni, Pb and As are 0.6
mg/l, 0.3 mg/l, 0.1 mg/l, 0.3 mg/l and 0.3 mg/l, respectively).
Table 4: RAC determination for leaves and root samples of DH

Heavy
metals

RAC*

Category of sample with
respect to RAC
Leaves
Roots
1
1

Cd

Leaves
0.0

Roots
0.34 ± 0.02

Pb
Ni

0.0
0.0

0.0
0.06 ± 0.10

1
1

1
1

0.02 ± 0.01 0.24 ± 0.01

1

1

1

1

Table 6: Total phenolic and flavonoid content in leaves and roots
extracts of DH

Plant parts

Total phenolics (GA
mg/g) ± SEM

Total flavonoids
(RuE mg/ g) ± SEM

Methanolic root
extract

53.22± 0.022**

28.20 ± 0.110**

Methanolic leaves
extract

56.12± 0.011**

36.32± 0.030**

Mean ± SEM (n =3); One-way ANOVA study followed by Tukey’s post
test was carried out at significant level, p < 0.05.GA= Gallic acid;
RuE= Rutin equivalent

3.3 Antioxidant study

*RAC: <1 (category 1, no risk); 1-10 (category 2, low risk); >10-30
(category 3, medium risk); >30-50 (category 4 , high risk) and >50
(category 5, very high risk)

Based on the constituent present, further antioxidant study was
carried out separately for leaves and root extracts of DH plant.
There are various methods to determine antioxidant activities among
them. DPPH and hydrogen peroxide methods were used to determine
antioxidant property of the said plant and established comparative
study by calculated IC50 values (Table 7). Ascorbic acid showed
IC 50 value at 50 µg/ml concentration whereas methanolic leaves and
roots extracts showed IC50 value at concentration 100 µg/ml and
150 µg/ml, respectively. Significant results were obtained when
antioxidant study was compared with both leaves and roots extracts
of DH (Figures 3 and 4).

3.2.3 Phytochemical studies

Table 7: IC 50 values of methanolic leaves and roots extract of DH

As
Cr

0.0

0.0

Preliminary phytochemical details was identified by performed
detailed chemical tests for individual secondary metabolites and
revealed the presence of various group of constituents that was
tabulated in Table 5. The study indicated that leaves of DH contains
prominently tannins, flavonoids, glycosides whereas traces of
carbohydrate, phenolics, steroids and terpenoids. All these
constituents are present in root prominently.
Table 5: Detail chemica l tests for methanolic leaves a nd roots
extracts of DH
Chemical tests

Methanol extract of leaves

Methanol extract of roots

Carbohydrate

+

++

Proteins

--

--

Lipids

--

--

Alkaloids

--

--

Glycosides

++

++

Flavonoids

++

++

Tannins

++

++

Phenolics

+

++

Terpenoids

+

++

Steroids

+

++

(++) = present prominently; (+) = present;

IC50 µg/ml

Extracts
DPPH
scavenging
assay

Hydrogen
peroxide‐scaveng
ing activity

Methanol leaves

28.68 ± 0.014

33.72 ± 0.014

Methanol roots

44.21 ± 0.011

49.38 ± 0.031

Ascorbic Acid
(Standard)

18.04 ± 0.032

19.59 ± 0.020

Mean ± SEM (n =3); One way ANOVA study followed by Tukey’s post
test was carried out at significant level, p < 0.05

(—) = absent

3.2.4 Estimation of total phenolics and flavonoids
Based on the preliminary chemical tests, further total phenolics
and flavonoids were estimated for both leaves and roots separately
and the results were tabulated in Table 6.

Figure 3: Percenta ge inhibition of methanolic leaves a nd roots
extracts of DH by DPPH method.
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yield of the plants (Neil, 1993). Singh et al. (2005) reported scale of
risk assessment code of metals in leaves and roots and categories
limit for various heavy metals. As per that report, our present
experiment revealed negligible content of non essential metals which
were safe for human use. Furthermore, Das et al. (2011) reported
that very negligible amount of non essential heavy metals present
in Stevia leaves on applied biofertilizers in cultivation field. The
same trend also reported in this experiment.
4.2.3 Phytochemical studies

Figure 4:Percenta ge inhibition of methanolic leaves a nd roots
extracts of DH by H2 O2 scavenging method.

4. Discussion
4.1 Yield of extracts
Methanol extract of roots provided more percentage of extractive
(8%) than methanolic leaves extract (6.8%). This increased
percentage of root extract is due to less ash content than leaves.
Earlier report was also resulted that methanol root extract gave
more yield than other solvent extracted and also that of leaves
extracts (Samydurai and Thangapandian, 2012). Our present
investigation also followed the same trend as the higher yield
showed by the root extract from DH .
4.2 Proximate analysis
4.2.1 Moisture content and ash content
Moisture content and total ash content was estimated for powdered
crude drugs (leaves and roots) of DH . Results revealed that both the
moisture and ash contents were higher in leaves than roots. This is
due to more fibres, veins and vein islets are present in the leaves
which enhanced these contents. The earlier research evidences are
also proved the same (Borkataky et al., 2013; Puthalath et al.,
2015) where leaves powder showed more moisture and ash contents
than any other plant parts.
4.2.2 Elemental analysis
Present investigation revealed the presence of essential elements in
leaves and roots of DH , estimated by AAS and UV spectrophotometric determination. Leaves showed higher amount of Fe, Zn and
K content than roots and thereafter Cu, Ca, Na, and P contents were
higher in roots than leaves. Earlier many literatures reported that
accumulation and uptake of elements are depends on the soil nature
and soil pH . Acidic soil enhanced accumulation of Fe, Zn in leaves
whereas Ca content of roots is higher than leaves due to soil pH
(Thompson et al., 1997; Aref, 2012; Das and Tribedi, 2015). The
same trend followed in the present investigation. Further, non
essential heavy metals were detected for presence in leaves and
roots. Results revealed that only arsenic content in leaves was very
negligible and other metals such as cadmium, lead, nickel and
chromium were not detectable which proved safety use of plant
parts. The same was detected very negligible quantities of roots
which was solely dependent on the soil composition. WHO (1998)
prescribed limit of Pb contents of herbal medicine is 10 ppm and
the dietary intake limit of Pb is 3 mg/week. Thereafter, it was
reported that the lowest level of Cd of 5- 30 ppm, can reduce the

The study indicated that leaves of DH contain prominently tannins,
flavonoids, glycosides whereas traces of carbohydrate, phenolics,
steroids and terpenoids but all these constituents are present in
root as a result roots are having various therapeutic activities. It
was reported that any medicinal or therapeutic activities are mainly
depends on the active constituents present in the plant part
(Borkataky et al., 2013). Earlier research reported that solvent
extracts also effects on phytochemicals present in plants as well as
on various therapeutic activities (Naima et al., 2015; Felhi et al.,
2017). Our experiment also showed maximum constituents in
methanol solvent for both roots and leaves of DH .
4.2.4 Estimation of total phenolics and flavonoids
Total phenol content as well as total flavonoid content was estimated
higher in roots than leaves extract. Methanol solvent was used for
the extraction which increased the solubility of phenols. Earlier
reports revealed high solubility of phenols in polar solvents
provides high concentration of these compounds in the extracts
(Zhou and Yu, 2004; Mohsen and Ammar, 2008). Flavonoids are
also responsible for the bioactivity of the crude extracts and due to
their hydroxyl groups, flavonoids show antioxidant activity and
have radical scavenging effect in the plants (Younes, 1981; Tomsone
et al., 2012). In the present experiment, flavonoids was estimated
higher in leaves than roots which showed similar trend to the
previous reports (Calabrone et al., 2015; Baba and Malik, 2015).
4.3 Antioxidant activity
Antioxidant studies have relation with the phenolic content of the
plants. In the present study, leaves extract showed more phenolic
and flavonoid contents, hence, leaf extract of DH showed higher
scavenging property that may be due to the present of hydroxyl
groups existing in the phenolic and flavonoid compounds chemical
configuration that can provide the essential constituents as a radical
scavenger with redox properties, which allow them to act as
antioxidants (Soobrattee et al., 2005). As their free radical scavenging
ability is facilitated by their hydroxyl groups, the total phenolic
concentration could be used as a basis for rapid screening of
antioxidant activity. Plant flavonoids also have antioxidant
activity in both in vitro and in vivo methods (Shimoi et al., 1996;
Geetha et al., 2003). Furthermore, flavonoids are also highly
effective antioxidant agents for most oxidizing molecules and various
other free radicals implicated in various diseases (Bravo, 1998).
They suppress reactive oxygen formation, chelate trace elements
involved in free-radical production, scavenge reactive species and
protect oxidations (Agati et al.,2012). It was also reported that
antioxidant activity inversely dependent on IC50 value. IC50 value is
more indicated less antioxidant activity and vice versa (Siddique et
al., 2010). The present study also showed the same trend where
leaves extract showed higher phenolic and flavonoid content and as
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well as higher antioxidant activity. DPPH and hydrogen peroxide
scavenging methods gave additional benefits with phenolics and
flavonoids for significant results.

Das, K.; Dang, R.; Hegde, R. and Tripathi, A.S. (2011). Assessment of heavy

5. Conclusion

Das, K . and Tribedi, S. (2015) . Effect of Zn, Fe and Cu content on

The present investigation revealed that the methanol extract of DH
leaves and roots are the effective sources of antioxidant and many
other therapeutic activities in the conventional drug framework.
The studies were also obliged to identify the presence of moisture,
ash, various secondary metabolites, and potent antioxidant for
domesticated DH plant. The discoveries provided much lauded
impact of dose dependent antioxidant activity with content of total
phenolics and total flavonoids especially in leaves methanolic extract
of DH plant. Finally result showed the path to the future researchers
to find out more therapeutic activities on leaves extracts and to
discover novel phytoconstituents for effective treatments.

phytochemical investiga tions a nd antimicrobia l potential of
Alternanthera brasiliana (L.) O. Kuntze leaf extracts procured
from two different states of India. Intl. J. Pharmacy, 12 (3):34535 6.
Das, K.; Dang, R.; Sutar, G.V.; Einstein, J.W.; Paul, R.K. and Karak, T. (2016).

Influence of metals in soil on the comparative phytochemical
characterization and antioxidant study of Indian Golden Shower
(Cassia Fistula). Indian Journal of Pharmaceutical Education and
Research, 50 (3):S266-S279.
Dey, D.; Das, M. and Sharma, A.K. (1999) . Pharmacognosy of indigenous

drugs. New Delhi. Central Council for research in Ayurveda and
Siddha. pp:897.
Felhi , S.; Daoud , A.; Hajlaoui , H.; Mnafgui, K.; Gharsallah , N. and Kadri, A.
(2017) . Solvent extraction effects on phytochemical constituents

Acknowledgements
Authors are thankful to the Management of Krupanidhi College of
Pharmacy, Bengaluru for providing facilities in accomplishment of
this research work and financial assistance.
Conflict of interest

profiles, antioxidant and antimicrobial activities and functional
group analysis of Ecballium elaterium seeds and peels fruits. Food
Sci. Technol, Campinas, 37 (3):483-492.
Geetha, S.; Sai-Ram, M.; Mongia, S.S.; Singh, V.; Ilavazhagan, G.and Sawhney,
R.C. (2003) . Evaluation of antioxidant activity of leaf extract of

sea buckthorn (Hippophae rhamnoides L.) on chromium (VI)
induced oxidative stress in albino rats, J. Ethnopharmacol., 87 :
2 47 -2 51 .

We declare that we have no conflict of interest.
References
Agati,G.; Azzarello, E.; Pollastri, S. and Tattini, M. (2012) . Flavonoids as

antioxidants in plants: location and functional significance, Plant
Sci., 196 :67-76.
AOAC. (2010) . Minerals: In official methods of analysis, Washington,
DC: Association of official analytical chemists., 16 (3):99-103.
Aref, F. (2012) . Manganese, iron and copper contents in leaves of maize

plants (Ze a mays L.) grown with different boron and zinc
micronutrients, Afr. J. Biotechnol., 11 (4):896-903.
Arutla, R.; Kumar, C.S. and Kumar, K.S. (2012) . Evaluation of diuretic

activity of Decalepis hamiltonii (Wight & Arn.) root extract.
IJPRD. 4 :029-033.
Baba, S.A. and Malik, S.A. (2015) . Determination of total phenolic and

flavonoid content, antimicrobial and antioxidant activity of a
root extract of Arisaema jacquemontii Blume. Journal of Taibah
University of Science, 9 (4):449-454.
Borkataky, M.; Kakoty, BB. and Saikia, L.R. (2013). Proximate analysis and

antimicrobial activity of Eclipta alba (L.) Hassk: A traditionally
used herb. International Journal of Pharmacy and Pharmaceutical
Sciences. 5 :149-154.
Brand-williams, W.; Cuvelier, M.E. and Berset, C. (1995). Use of free radical

method to evaluate a ntioxidant activity,
Wissenschaft and Technologie, 28 (1):25-30.

metals in dried Stevia leaves by a tomic absorption spectrophotometer grown under various soil conditions. Middle-East
Journal of Scientific Research, 8 (1):107-113.

Lebensmittel

Bravo, L. (1998) . Polyphenols: chemistry, dietary sources, metabolism
and nutritional significance, Nutr. Rev., 56 :317-333.
Calabrone, L.; Larocca, M.; Marzocco, S.; Martelli, G. and Rossano, R. (2015).

Total phenols and flavonoids content, antioxidant capacity and
lipase inhibition of root and leaf horseradish (Armorac ia
rusticana) extracts. Food and Nutrition Sciences, 6:64-74.
Chopra, R.N.; Nayar. S.L. and Chopra, K. (1956). Glossary of Indian Medicinal

Plants. New Delhi. Central Institute of Scientific and Industrial
Research, India. pp:35-96.

Haddadi, M.; Jahromi, R.S.; Nongthomba, U.; Shivanandappa, T. and Ramesh,
S.R.(2016) . 4-Hydroxyisophthalic acid from Decalepis hamiltonii

rescues the neurobehavioral deficit in transgenic Drosophila model
of taupathies. Neurochemistry International, 100 :78-90.
Harish, R.; Divakar, S.; Srivastava, A. and Shivanandappa, T. (2005). Isolation

of antioxidant compou nds from the methanolic extra ct of the
roots of Decalepis hamiltonii Wight and Arn. J. Agric. Food Chem.,
53 :7709-7714.
Jahromi, S.R.; Haddadi, M.; Shivanandappa, T. and Ramesh, S.R. (2015) .

Attenuation of neuromotor deficits by natural antioxidants of
De calepis h amiltonii in transgenic Drosophila model of
Parkinson’s disease. Neuroscience, 293 :136-150.
Kim, D.O.; Jeong, S.W. and Lee, C.Y. (2003). Antioxidant capacity of phenolic

phytochemicals from various cultivars of plums Food Chemistry,
81 :321-326.
Kokate, C.K . (2001) . Pharmacognosy. 16th ed. Mumbai, India: Nirali

Pra khasan.
Mohsen, M.S. and Ammar, S.M.A. (2008) . Total phenolic contents and
antioxidant activity of corn tassel extracts. Food Chem., 112 :

5 95 -5 98 .
Murti, P.B.and Seshadri, T.R. (1941). A study of the chemical components

of the roots of Dec alepis hamilton ii (Makali veru), Part IVResinol of Decalepis hamiltonii and Hemidesmus indicus. Proc.
Ind. Acad. Sci. A., 14 :93-99.
Nabavi, S.M.; Ebrahimzadeh, M.A.; Nabavi, S.F.; Fazelian, M. and Eslami, B.
(2009) . In vitro antioxidant and free radical scavenging activity of

Diosp yro s lotu s a nd Py rus bo issierian a growing in Ira n,
Pharmacognosy Magazine, 4 (18);123-127.
Nagarajan, S.; Jagan Mohan Rao, L. and Gurudutt, K. N. (2001). Chemical

composition of the volatiles of Decalepis hamiltonii (Wight &
Arn). Flavour Fragr. J., 16 :27-29.
Naima, R.; Oumam, M.; Hannache, H.; Sesbou, A.; Charrier, B.; Pizzi, A. and
Charrier-El Bouhtoury, F. (2015) . Comparison of the impact of

different extraction methods on polyphenols yields and tannins
extracted from Moroccan Acacia mollissima barks. Industrial
Crops and Products, 70 :245-252.

125
Neil, P.O. (1993) . Minor Element and Environmental Problems. Envir.

Chem 2 ed.
Park, Y.S.; Jung, S.T.; Kang, S.G.; Heo, B.K.; Arancibia Avila, P.; Toledo, F.;
Drzewiecki, J.; Namiesnik, J. and Gorinstein, S. (2008). Antioxidants and
proteins in ethylene-treated kiwifruits, Food Chemistry, 107 :640-

648.
Puthalath, S.; Dang, R. and Das, K. (2015). Total safety management through

standardization of formulated ayurvedic Kajal using Eclipta alba
and Vernonia cinerea herbs. World Scientific news, 5 :32-44.
Rajani, B.; Mohan, B.; Uma Devi, M. and Ch. Shiva Kumari, L.P. (2016) .

Phytochemical studies and a ntibacterial activity of Decalepis
hamiltonii Wight & Arn, an endangered medicinal plant. Journal
of Medicinal Plant Studies, 4 (2):88-91.

Singh, K.P.; Mohan, D.; Singh, V.K. and Malik, A. (2005). Studies on distribution

and fractionation of heavy metals in Gomti river sediments-a
tributary of the Ganges. India J. Hydrol., 312 (1):14-27.
Soobrattee, M.A.; Neergheen, V.S.; Luximon-Ramma, A.; Aruoma, O.I. and
Bahorun, O.T. (2005) . Phenolics as potential antioxidant therapeutic
agents: mechanism and actions. Mutat. Res. Fundam. Mol., 579 :

2 00 -2 13 .
Thompson, K .; Parkinson, J.A.; Band, S. and Spencer, R.E. (1997) . A

comparative study of leaf nutrient concentrations in a regional
herbaceous flora. New Phytol. 136 :679-689.
Tomsone, L.; Kruma, Z. and Galoburda, R. (2012). Comparison of Different

Reddy, K.N.; Pattanaik, C.; Reddy, C.S. and Raju, V.S. (2007) . Traditional

Solvents and Extra ction Methods for Isolation of Phenolic
Compounds from Horseradish Roots (Armoracia ru stican a).
World Academy Science Engineering Technology, 64 :903-908.

knowledge on wild food plants in Andhra Pradesh. Indian J. Tradit.
Knowl., 6 :223-229.

Vedavathy, S. ( 2004 ). Decalepis hamiltonii Wight & Arn.- AN endangered
source of indigenous health drink. Natural Product Radiance, 3(1):

Samydurai, P. and Thangapandian,V. (2012) . Physico-phytochemical

analysis and their minimum inhibitory concentrations of various
extra cts of De calepis h amilto nii Wight & Arn against
ga strointestinal disorder pathogens. Interna tional journal of
Pharmacy and Pharmaceutical Sciences, 4 (3):289-292.
Shimoi, K .; Masuda, S.; Shen, B.; Furugori, M. and K inze, N. (1996) .

Radioprotective effects of antioxidative plant flavonoidsin mice,
Mutat. Res. Fund. Mol., 350 :153-161.
Siddique, NA.; Mujeeb, M.; Najmi, A.K. and Akram, M. (2010). Evaluation of

antioxidant activity, qu antita tive estimation of phenols a nd
flavonoids in different parts of Aegle marmelos. African Journal
of Plant Science, 4 (1):001-005.

2 2 -2 3 .
Wealth of India.(1959). Raw Materials, CSIR, New Delhi, India. 5:33.
World Health Organization. (1998). Quality Control Methods for Medicinal
Plant Materials, WHO Geneva, Switzerland.
Younes, M. (1981) . Inhibitory action of some flavonoids on enhanced

spontaneous lipid peroxidation following glutathione depletion.
Planta Medica, 43 :240-245.
Zhou, K. and Yu, L. (2004) : Effects of extraction solvent on wheat bran
antioxidant activity estimation. LWT. 37 :717-721.

