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Abstract

Background: Sphaeranthus indicus is an important medicinal plant, which is used to cure various illnesses. The
present study is the first investigation of the antimicrobial, antioxidant and phytochemical analysis of Sphaeranthus indicus
from Chhattisgarh, India.

Methods: The whole plant and plant parts were extracted with polar and non-polar solvents such as water, methanol, ethyl
acetate and hexane to assess various bioactivities. The antimicrobial and antioxidant activities were performed by ager well
diffusion method and ferrous reducing capacity, respectively; However free radical scavenging activity was analyzed using
DMPD and DPPH scavenging assay. The DMPD and DPPH assay were performed in a time dependent manner. Qualitative
and quantitative analysis were performed for the total phytochemicals present in the plant extracts. The total content of
phenols, flavonoids and terpenoids was analyzed by colorimetric methods.

Results: Ethyl acetate and hexane extract of plant inflorescence and stem exhibited significant antibacterial activity against
tested bacterial pathogens. The clinically isolated gram positive pathogenic bacteria responded better as compared to
clinically isolated gram negative bacteria as well as pathogenic gram positive and negative bacteria acquired from Microbial
Type Culture Collection, India. The leaf and inflorescence exhibited potent antioxidant activity. The polar fraction of leaf
methanol extract exhibited the highest reducing power capacity. The aqueous extract of inflorescence exhibited highest
inhibition against DMPD and DPPH radicals. The whole plant aqueous extract showed maximum inhibition while aqueous
extract of inflorescence exhibited high inhibition among different plant parts. Qualitative phytochemical analysis revealed the
presence of terpenoids, phenols, flavonoids, tannins and cardiac glycosides in plant parts. Total terpenoid content was found
to be highest in polar fraction of stem methanol extract and ethyl acetate extract of inflorescence. However, total phenol
was found to be highest in polar fraction of leaf methanol extract, similarly highest flavonoid content was observed in
aqueous extract of leaf.

Conclusion: The results suggest that biological activities of plant parts depend on content of active phytochemicals. The
inflorescence could be a potential source of antimicrobial and antioxidant compound. Further, investigation pertaining
isolation and characterization of active ingredient may provide an insight regarding its phytochemical activity.
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Background
The plants produce several secondary metabolites during
their physiological activities like, alkaloids, poly-phenols,
phenols, flavonoids, flavonol, terpenoids, and carotenes
etc. These secondary metabolites act as therapeutic and
prophylactic agents for human health against several dis-
eases and also help in improving the immunity [1]. Isola-
tion, characterization and synthesis of these bioactive
phytochemicals are an emerging area of research [2].
These secondary metabolites are potent source of anti-
cancer [3], antioxidant [4], antiviral [5], anti-inflammatory
[6] and antimicrobial [7] agents. The active biomolecules
are not only distributed differentially on various parts of
plant, but also show variation in different developmental
stages of the plant. They also exhibit qualitative and quan-
titative variations provincially and geographically in their
secondary metabolite content and are therefore worth in-
vestigating in various regions [8, 9].
Sphaeranthus indicus L. is a medicinal plant widely

used in Indian traditional system of medicine to cure
various illnesses [10]. Geographically, it is distributed
throughout India, Sri Lanka, Africa and Australia. It
grows in rice fields, dry waste places and cultivated lands
in tropical parts of India and survives up to 1200m alti-
tude [11]. The herb S. indicus is much branched,
strongly scented, and erect with branched tapering roots
[12]. It is used to treat fever, epilepsy, mental illness,
hemicranias, jaundice, hepatopathy, gastropathy, hernia,
diabetes, pectoralgia, cough, hemorrhoids, leprosy, hel-
minthiasis, dyspepsia and skin diseases [10]. Several sci-
entific reports are available on S. indicus exhibiting
hypotensive, peripheral vasodilatory, cathartic [13], anti-
microbial [14], nematocidal [15], larvicidal [16, 17], anti-
inflammatory [18], immunomodulatory [19], anxiolytic
[20], neuroleptic [21, 22], antioxidant [23, 24], antihyper-
glycemic [25, 26], analgesic, antipyretic [27], mast cell
stabilizing action [28], renoprotective [29], hepatoprotec-
tive [24, 30], antiviral [25, 31], macrofilaricidal [32],
sedative [22], bronchodilatory [33] and antihyperlipi-
demic activities [34].
In the present investigation efforts were made to

evaluate antimicrobial and antioxidant properties of S.
indicus of Chhattisgarh region and to assess the levels of
such bioactive compounds vis-á-vis other reports from
elsewhere. Chhattisgarh has rich biodiversity of medi-
cinal plants. It is hypothesized that the percentage of
bioactive compounds may be higher in the plants of
Chhattisgarh region and may fluctuate according to geo-
graphic locations [35–38].

Materials and methods
Plant material
Sphaeranthus indicus was collected during flowering
stage (January to mid February) from Raipur,

Chhattisgarh. The plant was identified by a plant tax-
onomist, currently a consultant at National Center for
Natural Resources (NCNR), Pt. Ravishankar Shukla Uni-
versity, Raipur, Chhattisgarh, India. The voucher speci-
men was deposited in herbarium of NCNR (No: 99777).
They were washed with distilled water, sterilized with
0.1% mercuric chloride for 5 min, rinsed with water,
wiped and air dried under shade condition at room
temperature until getting constant weight. The dried
parts viz., whole plant, leaf, inflorescence, stem and root
were grinded by electric blender to make fine powder.

Preparation of extract
Extraction was carried out keeping in mind the nature of
plant. It is an aromatic plant, so cold extraction was car-
ried out as described earlier [39]. Dried powder of inflor-
escence, leaf, stem and root were sequentially macerated
in 1:10 ratio with hexane, ethyl acetate and methanol for
48 h at room temperature. The solvent was evaporated in
an oven at 40 °C. Methanol extract was further fractioned
with chloroform and water in a separating funnel to iso-
late polar compounds from non-polar compounds. Non
polar fraction primarily had chlorophyll and was not used
for further analysis. The yield of dried extract was deter-
mined. A 10% stock solution of extracts was made in ap-
propriate solvent after solubility standardization. Hexane
extract was dissolved in 50% hexane with ethyl acetate;
similarly ethyl acetate extract was dissolved in 30% DMSO
with ethyl acetate also, while polar fraction of methanol
extract was dissolved in 40% DMSO with methanol.

Antibacterial activity test
Bacterial cultures
The bacterial cultures for antibacterial assay were pro-
cured from IMTECH Chandigarh They included gram
positive bacteria viz., Bacillus cereus MTCC-430, Bacil-
lus subtilis MTCC-441, Staphylococcus aureus MTCC-
96, Staphylococcus epidermidis MTCC-435, and gram
negative bacteria, like, Escherichia coli MTCC-1687,
Klebsiella pneumoniae MTCC-3384, Pseudomonas aeru-
ginosamtcc-741 and Proteus vulgaris MTCC-744. Their
corresponding clinical isolates were obtained from De-
partment of Microbiology, Pt. Jawaharlal Nehru Memor-
ial Medical College, Raipur (Chhattisgarh), India.

Antibacterial activity
Antibacterial activity was carried out by agar well diffu-
sion method [40] with some modification. Briefly, the 6
h old bacterial cultures were adjusted to 0.08 OD to
achieve 1 × 108 CFU/ ml of bacteria at 620 nm using
UV-VIS spectrophotometer (Model 108, Systronics,
India). The inoculum was streaked on sterile Mueller-
Hinton agar petri plates using sterile cotton swab. The
plate was left for 10–15min to allow excess surface
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moisture to be absorbed. The well was bored using 6
mm cork borer. 50 μl (5 mg/ 50 μl) extract was poured
into the test well. Streptomycin (10 μg/ ml) was used as
positive control and the solvent as negative control. Petri
plates, in triplicate, were incubated at 37 °C for 18 h. The
antibacterial activity was recorded as zone of inhibition
of bacterial growth around the well. The activity index
of all the plant parts and their extracts in different solv-
ent was determined using streptomycin as a standard.
The activity index was expressed as zone of inhibition of
test sample/ zone of inhibition with streptomycin.

In-vitro antioxidant activity assay
Reducing power assay
Antioxidant activity was carried out by Ferric reducing
power assay as described earlier [41]. 1 ml of methanol
polar extract of whole plant, leaf, inflorescence, stem
and root (200 μg ml− 1) was mixed with 2.5 ml phosphate
buffer (0.2 M; pH 6.6) and 2.5 ml 1% K3[Fe(CN)6] and
the mixture was incubated at 50 °C for 30 min. After in-
cubation, 2.5 ml 10% TCA was added and the reaction
mixture was allowed to cool to room temperature. 2.5
ml of above mixture was mixed with 2.5 ml deionized
water (Milli Q, Merk) and 0.5 ml of 0.1% FeCl3. The ab-
sorbance was recorded at 700 nm against blank using a
spectrophotometer. Ascorbic acid (30–70 μg ml− 1) was
used as standard. The assay was performed in triplicate
and the mean values were calculated. Results were
expressed as μg ascorbic acid equivalent (AAE)/ ml plant
extract.

DMPD cation free radical scavenging assay
The radical scavenging assay was carried out using
DMPD free radical scavenging assay as described earlier
[42]. Briefly, the DMPD free radical was generated by
adding 0.1 ml of DMPD aqueous solution (100 mM) in
0.05 ml of aqueous K2S2O8 (0.4 mM) and the final vol-
ume was made to 10ml with sodium acetate buffer (pH
5.6). The solution was incubated in dark for 5 h before
use, till it reaches 0.7–0.8 O.D. at 517.4 nm. The scaven-
ging effect of extracts was measured by addition of 50–
200 μl of extract into 3.5 ml DMPD radical and incu-
bated for different time period. The radical scavenging
activity was expressed as a percentage of DMPD discol-
oration using the equation:

DMPD:radical scavenging ð%Þ
¼ ½ðAcontrol − AsampleÞ=Acontrol� � 100

Where Asample is the absorption of extract/ reference
compound, and Acontrol is the absorbance of the
DMPD.solution without addition of extract. Ascorbic
acid was used as the reference compound in 40–80 μg/
ml concentration range. The assay was performed in

triplicate and the mean values were calculated. Results
were expressed as μg ascorbic acid equivalent (AAE)/ ml
plant extract. The IC50 was calculated using regression
analysis. This assay is end point measurement assay and
radical absorbance increase after inhibition. Thus assay
was carried out at 1 min time interval to check reaction
completion time and the kinetics was also done.

DPPH scavenging assay
The DPPH scavenging assay was performed as described
earlier [43]. Briefly, the 50 μM DPPH solution was pre-
pared in methanol. The scavenging effect of extracts was
measured by addition of 50–200 μl of extracts into 3ml
DPPH solution and incubated for different time period.
The radical scavenging activity was expressed as a per-
centage of DPPH discoloration using the equation:

DPPH scavenging ð%Þ
¼ ½ðAcontrol −AsampleÞ=Acontrol� � 100

Where Asample is the absorption of extract/ reference
compound, and Acontrol is the absorbance of the DPPH so-
lution without addition of extract. Ascorbic acid was used
as the reference compound in 40–80 μg/ ml concentration
range. The assay was performed in triplicate and the mean
values were calculated. Results were expressed as μg as-
corbic acid equivalent (AAE)/ ml plant extract. The IC50

was calculated using regression analysis. Assay was carried
out at 1 min time interval to check reaction completion
time and the kinetics was done.

Phytochemical analysis
Qualitative analysis of various phytoconstituents was
performed as described earlier by Harborne (1998).

Total terpenoid assay
Total terpenoid assay was performed as described
earlier [44] with some modification. 200 μl extract
was taken as unknown sample. Linalool (40 to 100
mg) was used to prepare a standard curve. 1.5 ml
chloroform was added to each tube, mixed thoroughly
and allowed to rest for 3 min. 100 μl concentrated
H2SO4 was added to each tube and further incubated
for 10 min. The terpenoids settled down as dark
brown precipitate. The supernatant was carefully dec-
anted and the precipitate was dissolvedin 1.5 ml
methanol. The Absorbance was recorded at 538 nm in
a spectrophotometer against a methanol. The assay
was performed in triplicate and concentration was
expressed as equivalent to mg linalool/ g of extract.

Total phenol assay
Total phenolic contents of the extracts were analyzed
using the Folin–Ciocalteu reagent as described earlier
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[45] using gallic acid as standard. 0.1 ml of polar fraction
of methanol extracts (2.5%) was mixed with 0.2 ml of
two fold diluted Folin–Ciocalteu reagent. The mixture
was incubated for 3 min at room temperature and 0.6 ml
aqueous solution of 2% Na2CO3 was added. The total re-
action mixture was made upto 6 ml with distilled water
and further incubated in boiling water for 1 min. The
tubes were cooled for 10 min and absorbance was read
at 760 nm against blank. Gallic acid was used to prepare
standard curve in different concentration (20–60 μg/
ml). The assay was performed in triplicates. The concen-
tration of phenol was expressed as mg gallic acid equiva-
lent (GAE)/ g of extract.

Total flavonoid assay
The total flavonoid contents were determined as described
earlier [46]. Briefly, 1 ml of extracts was mixed with 4ml
of deionized water and 0.3ml of 5% (w/v) NaNO2. The
mixture was incubated for 5 min and 0.3 ml of (10% w/v)
AlCl3 was added. After 6min, 2ml of 1M NaOH was
added. Approximately, 2.4 ml of deionized water was im-
mediately added to obtain a final volume of 10ml. The
mixture was shaken vigorously and the absorbance of the
mixture was determined at 510 nm by using a UV–visible
spectrophotometer. Quercitin was used to prepare a
standard solution with different concentrations (20–
100 μg/ml). Results were indicated as mg quercitin equiva-
lents (QE)/ g on a dry weight of extract.

Statistical analysis
The results were analyzed by one way ANOVA. Tukey’s
test was used to identify significant differences among
the mean (SPSS Statistics 20.0, IBM, Armonk, New
York, USA). Difference among means at 5% level (p <
0.05) was considered statistically significant.

Results
Plant extracts
Among the different plant parts extracted through dif-
ferent solvents, the highest yield was recovered from
aqueous extract of leaf (9.25%), while the lowest yield
was recorded from root hexane extract (0.4%). The per-
centage yield is shown in Table 1.

Antibacterial activity
The antibacterial activity of extracts of plant parts
was tested against MTCC and clinical isolates. Inflor-
escence and stem extracts inhibited maximum num-
bers of MTCC strains and clinically isolated bacteria
than whole plant, leaf and root extracts. The anti-
microbial activity against Gram positive and Gram
negative pathogenic bacteria is summarized in Ta-
bles 2-3. Whole plant hexane extract exhibited potent
activity against clinical S. aureus, B. subtilis, and E.
coli, while moderate activity against B. cereus MTCC
430, E. coli MTCC 1687, K. pneumonia MTCC 3384,
P. aeuginosa MTCC 741, P. vulgaris MTCC 744.
Ethyl acetate extract inhibited all the clinical patho-
gens, while inhibited a limited numbers of MTCC
bacterial strains. The high activity was demonstrated
against clinical S. epidermidis, S. aureus, and B. ce-
reus. The polar fraction of methanol had least activity
against MTCC and clinical B. cereus and P. aerugi-
nosa. The leaf hexane extract demonstrated good ac-
tivity against K. pneumonia MTCC 3384, clinical B.
cereus and S. aureus. Ethyl acetate extract and metha-
nol polar fraction of leaf inhibited a limited numbers
of bacterial isolates. Inflorescence hexane extract had
highest activity against clinical S. epidermidis (31.33
mm) and lowest against clinical E. coli (9.83 mm);
ethyl acetate extract inhibited all the bacterial patho-
gens with high to moderate activity. It was highest
against clinical S. epidermidis (29.67 mm) and lowest
against clinical P. aeruginosa (9.17 mm), while polar
fraction of methanol exhibited least activity against a
few numbers of clinical isolates. Stem hexane extract
inhibited most of the pathogenic bacteria while ethyl
acetate and polar fraction of methanol inhibited some
of the bacterial strains. The polar fraction of metha-
nol showed highest activity against clinical S. aureus
(25.67 mm) and lowest against clinical P. aeruginosa
(9.83 mm). Root extracts inhibited limited numbers of
bacterial isolates with low activity. The antibacterial
activity of the plant extracts was more prominent
against clinical bacterial isolates vis-à-vis MTCC iso-
lates. Aqueous extract of whole plant and their parts
showed no activity against any of the tested
organisms.
The activity index of extracts are shown in Fig.1 (a &

b). Highest index was recorded in inflorescence hexane

Table 1 The yield of different part of Sphaeranthus indicus extracted in various solvents

Extracts Whole plant Leaf Inflorescence Stem Root

Hexane 1.75% 3.94% 2.20% 0.45% 0.40%

Ethyl acetate 1.05% 4.55% 6.20% 1.20% 0.60%

Methanol-polar fraction 06.45% 9.25% 5.35% 3.65% 6.05%

Aqueous 10.23% 13.55% 9.66% 7.23% 10.11%
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extract against clinically isolated Gram-positive S.
aureus (2.65) and leaf hexane extract against MTCC
K. pneumonia (1.73). The lowest index was noticed in
methanol polar fraction of root against clinical P. vul-
garis (0.36).

Antioxidant activity
The reducing power was measured in polar fraction of
methanol extracts and aqueous extracts due to the limi-
tation of reaction with hydrophilic phyto-constituents.
The highest reducing ability was observed in aqueous

Fig. 1 Activity index of Sphaeranthusindicusleaf, Inflorescence, stem and root extracts against MTCC(a) and clinical bacterial isolates (b). H- Hexane
extract, EA- ethyl acetate extract, MET-PF – Methanol polar fraction. Bc – B. cereus, Bs – B. subtilis, Sa – S. aureus, Se – S. epidermidis, Ec – E. coli, Kp
– K. pneumonia, Pa – P. aruginosa, Pv – P. vulgaris.
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extract of leaf (328.93 μg/ml), while polar fraction of root
methanol extract (36.27 μg/ml) possessed lowest activity
as shown in Table 4.
The DMPD scavenging capacity was also measured in

polar fraction of methanol extracts and aqueous extracts
for the same reason as in reducing power assay, while
DPPH scavenging activity was carried out for all the ex-
tracts of S. indicus because of solubility of organic solvent
and aqueous extracts in methanol. The scavenging activity
of S. indicus was determined over time against DMPD and
DPPH radicals at 1 min time interval to understand the
behavior of active compounds (Figs. 2 & 3). The inhibi-
tions with respect to time were different according to
parts, extracts and phytochemical composition of S. indi-
cus at the lowest volume of extracts.
When polar fraction of methanol extracted whole

plant, leaf, inflorescence, stem and root vis-a-vis their
aqueous extracts were used to inhibit DMPD radical, the
completion of inhibition varied according to the parts
and the extraction (Fig. 2 a & b). The polar fraction of
methanol extract showed the inhibition of 20.28% with
the whole plant extract. Among the parts highest inhib-
ition was achieved by inflorescence (42.01%) followed by
root, stem and leaf. The whole plant aqueous extract
showed 16% inhibition in 29 min. However, among the
parts inflorescence (44.87%) inhibited DMPD radical

efficiently in 25min. The leaf aqueous extract also ex-
hibited impressive inhibitory activity followed by stem
and root aqueous extracts.
IC50 values for DMPD radical scavenging capacity

(Table 4) revealed that the aqueous extract of inflores-
cence possessed higher scavenging capacity (29.69 μg/
ml) against DMPD radical, while aqueous extract of root
exhibited comparatively weak scavenging capacity
(17.87 μg/ml).
Inhibition of DPPH radical also varied in different

parts and their extracts (Fig: 3). The whole plant extracts
showed 27.55% - 87.25% inhibition. The leaf extracts
inhibited the radical in the range of 34.41% - 81.81%.
The inhibition with inflorescence extracts was recorded
between 31.93% – 85.76%. The root extracts exhibited
the inhibition potential between 14.94% – 64.07%. The
aqueous extract of these parts inhibited DPPH radical
more efficiently as compared from other extracts. Stem
extracts showed 26.47% – 72.27% inhibition. The ethyl
acetate extract possessed more scavenging potential.
The highest DPPH scavenging ability was recorded for

polar fraction of leaf methanol extract (37.69 μg/ml)
while lowest was recorded for root hexane extract
(9.47 μg/ml). Thus all the parts and their extracts pos-
sessed antioxidant activity. The polar extracts of S. indi-
cus exhibited more antioxidant activity.

Table 4 Antioxidant activity of different parts of their extracts of S. indicus

Parts Extracts Reducing power
(μg AAE/ ml of extract)

DMPD (IC50 in μg AAE/ ml of extract) DPPH (IC50 in μg AAE/ ml of extract)

Whole plant Hexane – – 17.97 ± 0.18i

Ethyl acetate – – 21.57 ± 0.06g,h

Methanol-polar fraction 52.87 ± 2.51e 23.62 ± 0.58b,c 35.40 ± 0.02b,c

Aqueous 49 ± 0.11e 19.24 ± 0.26e,f 38.12 ± 2.13a

Leaf Hexane – – 22.37 ± 0.37g

Ethyl acetate – – 26.66 ± 0.04f

Methanol-polar fraction 60.33 ± 0.07d 28.29 ± 0.05a 37.69 ± 0.27a,b

Aqueous 328.93 ± 0.24a 25.53 ± 0.24b 35.82 ± 0.05a,b,c

Inflorescence Hexane – – 18.20 ± 0.07i

Ethyl acetate – – 31.26 ± 0.08e

Methanol-polar fraction 43.4 ± 0.23f 28.65 ± 0.19a 34.61 ± 0.08c,d

Aqueous 109.53 ± 0.18c 29.69 ± 0.19a 35.91 ± 0.31a,b,c

Stem Hexane – – 19.68 ± 0.03h,i

Ethyl acetate – – 35.33 ± 0.08b,c

Methanol-polar fraction 36.73 ± 0.07g 22.49 ± 0.20c,d 31.29 ± 0.07e

Aqueous 60.6 ± 1.62d 20.82 ± 0.43d,e 32.40 ± 0.06d,e

Root Hexane – – 9.47 ± 0.08j

Ethyl acetate – – 17.44 ± 0.24i

Methanol-polar fraction 36.27 ± 0.07g 24.09 ± 0.76b,c 26.54 ± 0.08f

Aqueous 134.47 ± 0.18b 17.87 ± 0.40f 26.79 ± 0.06f

The results are mean ± SE (n = 3). The different superscript letters denote the significant at p < 0.05 (Tukey’s test)
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Preliminary phytochemical analysis
The phytochemical screening was done based on anti-
bacterial activity (Table 5). Total Terpenoid was de-
tected in all the extracts. Phenol, flavonoids, tannin
and cardiac glycosides were detected in methanol
polar fraction of all the parts. Alkaloid were absent in
the extracts.

Quantitative estimation of phytochemicals
The total terpenoid content of S. indicus extract was de-
termined using sulfuric acid and expressed as mg Linal-
ool equivalent (LE)/ g dry extract. The difference
between plant parts and their extracts was statistically
significant (p < 0.05, Table 6). The terpenoids were high-
est in stem methanol polar fraction (551.48 mg LE/ g dry

Fig. 2 Antioxidant activity of polar fraction of methanol (a) and aqueous extracts (b) of Sphaeranthusindicus by the DMPD assay over time and
comparison with whole plant and parts
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weight) and lowest in root hexane extract (551.48 mg
LE/ g dry weight). Difference in total phenolic content
among whole plant and parts of polar fraction of metha-
nol extract was statistically significant (p < 0.05). Polar
fraction of leaf methanol extract showed highest phen-
olic content followed by stem, inflorescence and root.

However, aqueous extract of leaf contained high amount
of phenolics. The flavonoid content of S. indicus was sta-
tistically significant (p < 0.05). The flavonoids were more
abundant in leaf aqueous extract (273.82 mg QE/ g of
extract) and less in polar fraction of root methanol ex-
tracts (62.04 mg QE/ g of extract).

Discussion
The whole plant and various parts of Sphaeranthusindi-
cusviz, leaf, inflorescence, stem and root were used for
phytochemical extraction, antimicrobial and antioxidant
activity. The four solvent systems hexane, ethyl acetate,
methanol and water were used in increasing order of po-
larity. The non-polar material was removed from metha-
nol extract and polar fraction was used. The highest
yield was recovered from leaf and lowest from root when
extracted via hexane, as well as highest yield of ethyl
acetate extract was from inflorescence and lowest was
from root. However, highest yield was recovered from
methanol-polar fraction which was maximum in leaf and
minimum in stem. The highest yield of aqueous extract
was recovered from leaf and lowest from root. The yield
of leaf methanol extract was higher than finding of [47]
which was 5.28%, extracted for 48 h in shaking condi-
tion. The antimicrobial activity of whole plant, leaf, in-
florescence, stem and root extracts of S. indicus was
assessed in the present paper. Except aqueous extract, all
the extracts inhibited gram positive and gram negative
pathogenic bacteria in differential manner. Hexane and
ethyl acetate extract of whole plant possessed moderate
to weak antimicrobial activity against most of the patho-
gens, while leaf & root extracts from these solvent and
methanol polar fraction of the whole plant and all parts
exhibited low potentiality while hexane extract of stem
inhibited most of the bacteria except K. pneumonia
MTCC 3384 and clinical B. cereus. Ethyl acetate extract
of inflorescence of S. indicus inhibited all the bacterial
pathogens.
The clinical isolates were more susceptible than

MTCC pathogenic bacteria. The clinical Gram-positive
pathogenic bacteria isolates were more susceptible than
Gram- negative one. The presence of lipopolysaccharide
in outer membrane on gram negative bacteria inhibits or
limits the drugs access [48–50]. However, hexane ex-
tracts of stem and ethyl acetate extract of inflorescence
were able to inhibit growth of all clinically isolated gram
negative bacteria, although with weak activity. The ex-
traction of bioactive compound(s) from natural sources
depends on solvent system [51]. It might be polar or
non-polar. These studies revealed that bioactive constit-
uents of S. indicus were more accessible in organic
solvents.
Comparable results were also reported for antimicro-

bial activity of Sphaeranthus indicus. The hexane,

Fig. 3 Antioxidant activity of a whole plant, b leaf, c inflorescence, d
stem and e root extract of Sphaeranthusindicususing DPPH assay
over timeand comparison between parts and extracts
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benzene, chloroform, ethyl acetate, petroleum ether and
methanol extracts of S. indicus were effective against
pathogenic bacteria [47, 52–54]. In this study, we have
also found the low activity of polar fraction of methanol
extract and no activity of aqueous extracts, which is in
agreement with the result of Tambekar & Khante [55],
while in another study it showed good activity against
various pathogens [56, 57].
Another study on antimicrobial activity of plant crude

extract against mentioned bacteria has been reported
with respect to different parts. The methanol extract of
root Rheum ribes inhibited E. coli, K. pneumonia, Pro-
teus, P. aeruginosa and N. gonorrhoeae significantly more
than leaves and stalk. The antimicrobial activity of stalk
was weak [58]. Rahman et al [59] reported the anti-
microbial activity of Achyranthusferruginea chloroform
extract against different Gram positive and Gram nega-
tive bacteria including B. subtilis, S. aureus, E. coli, Kleb-
siella species and P. aeruginosa. The extract showed
moderate activity against these bacteria.In another study,
methanol extract of Leucus aspera root exhibited highest
antibacterial activity than leaf, flower and stem against
tested bacteria [60]. The ethyl acetate and ethanol ex-
tract of Lawsonia inemis L. fruit, flower and leaf have
shown higher antibacterial activity than dichloromethane

extract against B. subtilis, S. aureus, E. coli and P. aerugi-
nosa. Additionally, the ethyl acetate extract of flower
and fruits was more effective than leaf extract against all
tested bacteria [61]. In the present work, result of anti-
bacterial activity of ethyl acetate extract of S. indicus in-
florescence against clinical S. aureus was similar to the
result of ethyl acetate extract of L. inemis flower.
This study also aimed to determine antioxidant activity

of the S. indicus using ferric reducing power capacity, in-
cluding DMPD & DPPH assay. The reducing power
assay was based on reduction potential of antioxidants.
The antioxidant reacts with potassium ferricynide (Fe3+)
to form potassium ferrocyanide (Fe2+) which further re-
acts with ferric chloride to form ferric ferrous complex
and form green to Persian-blue colour that has an ab-
sorption maximum of 700 nm. The aqueous extracts of
leaf exhibited highest capacity to reduce ferric to
ferrous.
The antioxidant activity was measured using DMPD

and DPPH assay to study the scavenging property of
plant extract. It was based on reduction of absorbance
which corresponds to the activity. The DMPD assay
work on the theory that oxidation potential of radical
cation of this amine is compatible with the reduction po-
tential of the alkoxyl and peroxyl radicals. DMPD is

Table 5 Phytochemical analysis of different parts of Sphaeranthusindicusextracted in various solvents

Phytochemical Whole plant Leaf Inflorescence Stem Root

Alkaloid H EA Met Aq H EA Met Aq H EA Met Aq H EA Met Aq H EA Met Aq

Mayer’s test – – – – – – – – – – – – – – – – – – – –

Hager’s test – – – – – – – – – – – – – – – – – – – –

Wagner’s test – – – – – – – – – – – – – – – – – – – –

Tannic acid – – – – – – – – – – – – – – – – – – – –

Marquis test – – – – – – – – – – – – – – – – – – – –

Phenol

Ferric chloride test – – + + – – + + – – + + – – + + – – + +

Lead acetate test – – + + – – + + – – + + – – + + – – + +

Gelatin test – – – – – – – – – – – – – – – – – – – –

Flavonoids

Alkaline reagent test – – + + – – + + – – + + – – + + – – + +

Lead acetate test – – + + – – + + – – + + – – + + – – + +

Terpenoids

Salkowski test + + + – + + + – + + + – + + + – + + + –

Tannin

Ferric chloride test – – + + – – + + – – + + – – + + – – + +

Gelatin test – – – – – – – – – – – – – – – – – – – –

Cardiac glycoside

Killer killiyani test + + + – – – + – – – + – – – + – – – + –

Salkowski test + + + – – – + – – – + – – – + – – – + –

H- Hexane, EA – Ethyl acetate, M-PF – Methanol polar fraction, Aq- Aqueous
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based on decolourization assay; DMPD at an acidic pH
forms a purple coloured radical cation by reacting with
potassium persulphate (an oxidizing agent) and show a
maximum absorbance at 517.4 nm. Antioxidants that are
able to transfer a hydrogen atom to DMPD radical cat-
ion, scavenge the colour of the solution proportionate to
their amount. The reduction of DMPD radical cation is
rapid and shows a stable end point. Since after reaching
at stable end point, the absorbance of DMPD radical
again increases which misleads the measurement, hence
required time profiling. Both the methanol and aqueous
inflorescence extract scavenged more DMPD radical in
less time when compared with other parts of the plant.
The antioxidant with hydrogen donating potential has

the ability to scavenge DPPH radical. After reacting with
antioxidant, purple coloured DPPH radical converts into
yellow, non radical reduced form, viz, diphenylpicrylhy-
drazine [62]. DPPH scavenging effect of extracts of dif-
ferent parts of S.indicus was assessed at 1 min interval
for accurate measurement. In the parts, aqueous extract
of inflorescence scavenged DPPH radical in minimum
time and much better than others. The results are in

agreement with DPPH scavenging and reducing power
activity of Allium sativum bulb, where aqueous extract
showed more activity than methanol extract [63]. The
different behavior of the parts and extracts showed in-
consistency due to the different mechanism, molecular
structure, and numbers of active groups and hydro/ lipo-
philicity of the antioxidants [64].
The reaction was completed with steady state against

both the radicals and formed a plateau. This mechanism
can be understood by the equation proposed by Mishra
et al [65]:

R˙½ � þ AH½ �↔R−H þ A˙½ � ð1Þ
R˙½ � A˙½ �→R−A ð2Þ
A˙½ � þ A˙½ �→A−A ð3Þ

The equation elucidates transfer of hydrogen ions
from antioxidants to scavenge the radicals in faster rate
(Eq. 1), which leads to conversion of antioxidants in rad-
ical form [A˙] (Eq. 2), this further reacted with available
radicals forming radical-antioxidant complex. At this

Table 6 Total terpenoids, total phenols and total flavonoids in different parts and extracts of Sphaeranthus indicus

Parts Extract Total terpenoids (mg linalool equivalent/ 1
g dry weight)

Total phenol (mg GAE/ 1 g of
dry weight)

Total flavonoid (mg QE/ 1 g of
dry weight)

Whole plant Hexane 80.94 ± 0.53 0.00 0.00

Ethyl acetate 165.30 ± 0.40 0.00 0.00

Polar fraction of
methanol

278.80 ± 0.
20

18.23 ± 0.16e 164.10 ± 0.52e

Aqueous 0.00 19.30 ± 0.004e 195.45 ± 0.57d

Leaf Hexane 176.25 ± 2.40d,e 0.00 0.00

Ethylacetate 196.49 ± 1.32d 0.00 0.00

Polar fraction of
methanol

276.23 ± 14.83c 43.12 ± 1.41b 238.93 ± 0.47b

Aqueous 0.00 58.54 ± 0.07a 273.82 ± 3.53a

Inflorescence Hexane 124.77 ± 0.34e 0.00 0.00

Ethylacetate 387.97 ± 0.46b 0.00 0.00

Polar fraction of
methanol

120.13 ± 2.98e 10.65 ± 0.06f 208.83 ± 0.47c

Aqueous 0.00 30.40 ± 0.03c 239.34 ± 0.46b

Stem Hexane 31.27 ± 0.11f 0.00 0.00

Ethylacetate 48.20 ± 0.19f 0.00 0.00

Polar fraction of
methanol

551.48 ± 41.41a 22.35 ± 0.23d 134.61 ± 0.47f

Aqueous 0.00 22.79 ± 0.02d 165.53 ± 0.46e

Root Hexane 11.47 ± 0.03f 0.00 0.00

Ethylacetate 39.43 ± 0.10f 0.00 0.00

Polar fraction of
methanol

179.38 ± 7.67d,e 7.90 ± 0.03g 62.04 ± 0.47h

Aqueous 0.00 6.34 ± 0.004g 92.46 ± 0.47g

The results are mean ± SE (n = 3). The different superscript letters denote the significant at p < 0.05 (Tukey’s test)
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point, there was a slow reaction leading to steady state
condition. The remaining [A] reacted with themselves
and ultimately the reaction was stopped (Eq. 3). The
DMPD and DPPH scavenging assays come under hydro-
gen atom transfer (HAT) ability of antioxidant based
methods. These are kinetic based assays and involve a
competitive reaction scheme in which antioxidant and
substrate compete for radicals as described in above
equation. Whereas reducing power and Folin-Ciocalteu
assay come under electron transfer (ET) based methods
which measure the reduction potential of antioxidant
through changes in colour. These assays use chromo-
genic redox reagent. The present study revealed that all
the extracts possessed both the mechanism. HAT ability
was highest in aqueous extract of inflorescence while ET
ability was more in leaf aqueous extract.
Comparable results have been reported on antioxidant

activity of S. indicus. The ethanol hot extract of root ex-
hibited highest radical scavenging property against ABTS
followed by DPPH and nitric oxide radical at the same
concentration while exhibited moderate iron chelating
capacity [23]. In another study, methanol extract of root
and leaf had highest DPPH radical scavenging activity; hy-
droxyl radical scavenging capacity was highest in root and
stem extracts; nitric oxide scavenging activity was highest
in stem and leaf extracts and superoxide radical scaven-
ging activity was highest in fruit and stem extracts [66].
Similarly, other authors have compared the antioxidant

activity between extracts of different parts. The methanol
extract of Leucus aspera root have significant DPPH scav-
enging capacity than flower, leaves and stem [60]. The
methanolic extract of Morus alba L. stem bark [67] and
Tabebuia pallida leaf [68] exhibited highest total antioxi-
dant activity, reducing power capacity, DPPH radical scav-
enging, hydroxyl radical scavenging, and lipid per-
oxidation inhibition activity than other parts.
Terpenoids, cardiac glycosides, tannins, phenols, flavo-

noids were observed in S. indicus in the present study
corroborated with earlier reports [19, 54]. Quantitatively
total terpenoids were highest in polar fraction of stem
methanol extract and ethyl acetate extract of inflores-
cence. Total phenols and flavonoids were highest in
aqueous extract of leaf and inflorescence. Since the phe-
nol and flavonoid possessed good antioxidants and anti-
microbial property and had less side effects [69, 70]
therefore, it was relevant to assess the contents of these
metabolites.
The methanol has been reported as suitable solvent

for extracting phenol and flavonoid [71]. Although
aqueous extract of all parts of S. indicus contained
more phenol and flavonoids than polar fraction of
methanol in the present case, they were unable to in-
hibit pathogens and did not exhibit antimicrobial po-
tential, whereas the antioxidant activity was fairly

high. However, the methanol polar fraction exhibited
both antimicrobial as well as antioxidant ability. The
activity of phenols and flavonoids depends upon their
structure which is referred as structure activity rela-
tionship (SAR) [72]. Since the hydroxyl group play a
key role in antioxidant activity, more hydroxylation in
the phenyl ring of phenol exhibit more antioxidant
activity [73]. The terpenoids from all parts of S. indi-
cus showed both antimicrobial and antioxidant activ-
ities which signify the importance of terpenoids in
drug discovery. The magnitude of the activity may
differ due to the different structure and active group
present in the compound [62].
The study revealed that the selection of plant parts

and solvents are an important factor for isolation of bio-
active compounds. The study further revealed that leaf,
inflorescence and stem of S. indicus were the potent
source of antimicrobial and antioxidant activity and can
be exploited in herbal drug research.

Conclusion
The results suggest that S. indicus contain potent bio-
active chemicals which have ability to inhibit bacterial
pathogens as well as to scavenge free radicals. Among
the parts and their different extracts, ethyl acetate ex-
tract of inflorescence and hexane extract of stem contain
potent antimicrobial compounds. The whole plant ex-
tracts showed better activity than parts against some
bacteria. This may be due to the synergistic effect be-
tween phytochemicals. The polar part of leaf methanol
extract and inflorescence aqueous extract has strong
antioxidant activity than other parts as they contain
more phenol and flavonoids which are known as potent
antioxidants. The phenol and flavonoids are also known
for their antimicrobial activity but the polar fraction of
methanol extracts and aqueous extracts of parts which
contain both the chemicals had no significant antimicro-
bial activity. Although the terpenoid containing inflores-
cence ethyl acetate extract and stem hexane extract
possessed the activities. So these parts and their corre-
sponding extracts could be a potential source of anti-
microbial and antioxidant agents. Therefore, further
research is needed for the isolation and identification of
individual bioactive compound(s) from these parts and
their extracts.
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