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Introduction

 Equisetum arvense L. is the bushy perennial herb, 
commonly called field horsetail which is usually 
distributed in the northern hemisphere throughout 
Canada, USA, Europe, and Asia south to Turkey, Iran, 
the Himalayas, and across China, Korea and Japan 
[1]. In Nepal, it is found in moist places of the country 
at about 2000 m and commonly known as “Kurkure 
Jhar”. 

Horsetail consists of the creeping, string-like rootstock 
and roots at the nodes that produce numerous hollow, 
and conspicuously jointed stems. Two different types 
of the stem; the sterile stems are green bottle brush-
like and tend to be much taller and bushier, with the 
jointed segments being around one inch long with a 
diameter of about 1/20th of an inch. The fertile stems 
are generally half as tall as the sterile stems and also 
tend to be more succulent. Fertile stems bearing 
spore clusters at its tip appears in early spring and are 

usually thick and succulent, brownish to whitish, 10 
– 30 cm tall [2].

In folk medicine, Equisetum arvense is used for 
tuberculosis, for catarrh in the kidney and bladder 
regions, as a hemostatic for profuse menstruation, 
nasal, pulmonary and gastric hemorrhages, for brittle 
fingernails and loss of hair, for rheumatic diseases, 
gout, poorly healing wounds and ulcers, swelling 
and fractures and for frostbite (PDR for herbal 
medicines) [1]. The commonly known phytochemical 
compounds in E. arvense are alkaloids, phytosterols, 
tannin, triterpenoids and phenolics such as flavonoids, 
styrylpyrones and phenolic acids [3].  Equisetum 

arvense exhibits a significant antioxidant and 
antimicrobial activity [4]. The water extract from 
sterile stems of  Equisetum arvense L. has dose-
dependent cytotoxic effects on human leukemic U 
937 cells [5].

FHMDO Monte et al. (2004) experimented on mice 
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Abstract

Equiseum arvense L.  is a bushy perennial herb commonly called field horsetail distributed in the northern 
part of Nepal and used against curing muscle and bone pain and other many diseases. This research work was 
performed to analyze the possible cause of the anti-inflammatory activity of this plant. Out of four different 
fractions, dichloromethane (DCM ) fraction showed the presence of compounds on TLC and was subjected 
to column chromatography to isolate and identify pure compounds. D

2
 and D

20
 fractions eluted from column 

gave single and distinguished spots so that these fractions were subjected to gas chromatography analysis. 
The GC analysis of the pure fraction D

2
 obtained from column revealed the presence of a major compound 

major compounds camphor (92.53%) and other minor compounds; (+)-2-Bornanone, Camphor, Carvone<(z)-, 
dihydro->, Benzoic acid, 2-(1-oxopropyl)- and GC report from D

20
 fraction showed two compounds; 

Salicylate<methyl-> and  Benzoic acid, 2-(1-oxopropyl)-. The major compounds camphor (92.53%) and 
methyl salicylate (66.87%) have been reported being potent anti-inflammatory activity and their synergetic 
effect is more prominent for the same.  

Keywords: Equisetum arvense, anti-inflammatory, camphor, methyl salicylate.
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by applying the hydroalcoholic extract of horsetail to 
mice which resulted that Equisetum arvense extract 
has an antinociceptive (pain-relieving) and anti-
inflammatory agent [6]. Due to the anti-inflammatory 
action of Equisetum arvense, it is used for arthritis, 
chilblains, cystitis, gout, inflammation of the lower 
urinary tract, renal gravel and also for benign 
enlargement of the prostate gland. Horsetail tea is 
used as a gargle for mouth and gum inflammation 
[7]. In Nepal horsetail is used against Burns, scabies, 
malarial fever (Manandhar 2002, Bhattarai 2007). In 
the hilly area of Nepal, dried plants of horsetail are 
pounded and paste is then applied in bone fracture, 
aches, and pains of the muscles, joints, and backaches 
[8]. 

The present study is focused to determine the 
phytoconstituents of Equisetum arvense and 
responsible for anti-inflammatory activity. 

Materials  and  Methods

Collection of plants

The whole plant of  Equisetum arvense was collected 
from the bank of Ghatte Khola at an altitude of 2000 
m from Siddeswor VDC of  Bhojpur district and 
the collected plant material was identified by D.R. 
Kandel, 3-5-2019, National Herbarium and Botanical 
laboratory, (KATH),  Godawari, Nepal. The collected 
plant materials were washed, shade-dried and was 
ground into powder.

Instruments 

Buchi Rotavapour R-200, Grinder, Digital weighing 
machine (GT 210), GC-MS-QP 2010 Ultra 
SHIMADZU, Column Chromatography, water bath 
(Buchi 461) 

Chemicals used

All reagents and solvents used were of laboratory 
grade from E. Merck, T. Fisher Scientific, and 
Qualigens Chemical Companies, India. Solvents used 
were hexane and dichloromethane (DCM), Silica of 
60-120 mesh, Silica gel-G, Pre-coated TLC aluminum 
plates with a thickness of 0.2 mm.

Extraction process 

Two hundred grams powdered plant was dissolved in 
500 mL of hexane in clean and dry conical flasks and 
was kept for two days with frequent shaking and the 
mixtures were decanted and filtered and thus obtained 

residue was dried and another solvent DCM was added 
to the dried residue and kept for 2 days with frequent 
shaking and the mixtures were decanted and filtered. 
Finally, the obtained filtrates were concentrated with 
the help of a rotary evaporator below 40 ºC. Finally, 
a semi-solid extract of hexane and  DCM extract was 
obtained. 

Isolation of compounds

DCM soluble fraction was subjected for column 
chromatography because good separation and a large 
number of spots were seen in TLC. A slurry of the 
DCM fraction (1.8 g)  was made with a double (1: 2) 
amount of silica gel, which was loaded on to a column 
packed with silica gel (200 g, E-Merck, 60-120 
mesh). The column had an internal diameter of 4.5 cm 
and a height of 60 cm. The column was eluted with 
100% hexane at first and then gradually polarity was 
increased by adding ethyl acetate in hexane with 2%, 
3%, 4%, 6% ,10%,15%, 20%, 25%, 30%, 35%, 40%, 
50%, 60% gradients. After obtaining each fraction 
TLC was checked. The number of spots observed 
in TLC was visualized under UV-Visible light and 
iodine chamber. After column chromatography, TLC 
of each eluted fraction was performed. Fractions 
having similar TLC were mixed. 
Analytic conditions for GC

The GC-MS analysis was performed at the Department 
of plant resources, Thapathali and was performed 
on GCMS-QP 2010 under the following conditions: 
injection volume 1 µL with slit ratio 1:90. Helium as a 
carrier gas with a RTX-5 MS column of dimension 60 
m × 0.32 mm × 0.25 µm, temperature-programmed 
at 50, 150 and 250 °C with a hold time of 0.0 and 4.0 
min identification was accomplished by comparison 
of retention time with those reported in NIST 2017  
and FFNSC 1.3 libraries and test method used was IS
O:7609:1985.                           

Results and Discussion

The fraction D
2
 obtained from column chromatography 

of DCM extract revealed the presence of a major 
compound camphor (92.53%) and other minor 
compounds (+)-2-bornanone (2.32%), carvone<(z)-, 
dihydro->(0.55%), and benzoic acid, 2-(1-oxopropyl)- 
(4.59%). The GC-MS analysis of another fraction D

20
 

revealed the presence of four chemical compounds 
out of which only two are identified. They are 
Salicylate<methyl-> (66.87%) and  Benzoic acid, 
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2-(1-oxopropyl)-(21.77%).  Among them, Salicylate 
< methyl-> is the major component with a percentage 
area of 66.87%. The results are shown in the table 
below:
                               

Time (min.)

Figure 1: Gas chromatogram of DCM extract (D
2
) of 

Equisetum arvense.

Time (min)

Figure 2: Gas chromatogram of DCM extract (D
20

) of 
Equisetum arvense

From the above review facts, dry horsetail is 
traditionally used as a fine powder paste in bone 
fracture, aches, and pains of the muscles, joints, 
and backaches. The result of GC showed that DCM 
extract of Equisetum arvense has a high content of 
camphor and methyl salicylate that are potent anti-
inflammatory compounds. The camphor used as 
OFCMT (Oily formulation of camphor, menthol, 
and thymol) has shown tremendous protection from 
pain and inflammation [9] while Multum (2018) 
reported that methyl salicylate is a nonsteroidal anti-
inflammatory drug (NSAID) which when used with 
a combination of camphor and lidocaine works by 
reducing the substances in the body that cause pain 
and inflammation and provide temporary relief from 
aches and pains of the muscles, joints, and backaches. 
 

Figure 3: Structure of the major compounds identified by GC

Journal of Nepal Chemical Society, December 2019, Vol. 40                                                       A. Adhikari et al. 2019

S.N.  Compounds  Retention time (min.) Percentage area                Molecular weight (g/mole)
     

1      (+)-2-Bornanone  21.530 2.32                 152.23
2     Camphor  23.474 92.53 152.23
3     Carvone<(z)-,dihydro-> 25.916  0.55  152.23

4     Benzoic acid,2-(1-oxopropyl)- 43.040 4.59 178.18

S.N. Compounds  Retention time (min.) Percentage area  Molecular weight (g/mole)

1  Salicylate<methyl->    25.782 66.87 152.15
2   Benzoic acid,2-(1-oxopropyl)-   42.997  21.77 178.18

 

O

Camphor

OH

O

O

methyl salicylate

Table1: Compounds detected in GC analysis of D
2 
fraction of Equisetum arvense.

Table 2: Compounds detected in GC analysis of D
20

  fraction of the DCM extract.
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Conclusion 

The main compounds that were isolated from 
DCM extract of Equisetum arvense L.  by column 
chromatography after subjected to FTIR and 
GC-MS analysis were Camphor (92.53%) and 
methylsalicylate (66.87%), which are potent anti-
inflammatory compounds and using them as a mixture 
is more effective against inflammation. Hence, 
ethnomedicinal practice of the plant Equisetum 

arvense to cure pain is scientifically validated. 
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Introduction

P-type semiconductor [1] Cu
2
O NPs have gained 

huge attention in scientific society due to captivating 
properties such as high critical temperature 
superconductors [1], direct bandgap of 2.2 eV 
[2], antimicrobial activity [1], low toxicity [3], 
photocatalytic activity [4], low cost and most abundant 
source materials [2], etc. Because of such practically 
applicable properties, Cu

2
O nanoparticles have been 

broadly studied in the various application fields like 
batteries [1], catalysis [5], gas sensor, biosensors 
[2], magnetic storage devices [6], medical,  anti-
fouling coating [6], photo¬voltaic and photocatalytic 
degradation of most of the organic pollutants [3,7]. 

Cu
2
O nanoparticles have excellent optical, physical, 

electrical, magnetic, and biological properties 
compared to the bulk and microparticles because of 
the large surface area to volume ratio [4, 8]. These 
novel properties are strongly related to the synthetic 
processes [4] and there are numerous synthesis 
techniques like mechanical milling, vacuum vapor 
deposition, pulsed laser ablation, and pulsed wire 
discharge, microemulsion techniques, wet-chemistry 
route, electrochemical, sonochemical, microwave-
assisted, thermal decomposition and hydrothermal 
methods, liquid hydrolysis, etc [1-8]. Among all 
those synthesizes methods, chemical co-precipitation 
method is superior because of following advantages 
as it can be performed even in room temperature 
and pressure, it is inexpensive, and also not required 
specialized equipment and organic solvents in the 

Synthesis, Characterizations and Antimicrobial Activity of Cuprous 

Oxide (Cu
2
O) Nanoparticles
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Abstract

Cuprous oxide nanoparticles were synthesized by the reduction of copper sulphate pentahydrate salt at 
different concentration using sodium borohydride as a reducing agent, polyethylene glycol-6000 as a stabilizer 
by simple, chemical co-precipitation methods and the effect of concentration on particle size were also studied. 
The crystalline size and phase of Cu

2
O nanoparticles (NPs) were authenticated by X-ray diffraction (XRD), 

morphology and structure by scanning electron microscopy (SEM), transmission electron microscopy (TEM), 
and elemental analysis was carried out by energy-dispersive X-ray spectroscopy (EDX). The concentration-
dependent antimicrobial properties of Cu

2
O NPs were studied for a different strain of bacteria. XRD and 

selected area electron diffraction studies (SAED) patterns confirmed the formation of face-centered-cubic 
Cu

2
O nanoparticles with size 4.77 nm and 8.02 nm at two different concentrations of 0.01 M and 0.1 M CuSO

4
, 

respectively. SEM and TEM images showed that the nanoparticles were uniform, in the form of clusters, and 
homogeneously distributed. EDX confirmed that synthesized nanoparticles were in pure form having copper 
and oxygen ratio 3:1 based on the atomic percentage of the chemical species. Cu

2
O nanoparticles showed 

excellent antibacterial activity against both bacterial strains Gram-positive (Staphylococcus aureus) and 
Gram-negative (Escherichia coli). The antibacterial activities of Cu

2
O NPs were found to be concentration-

dependents and large bactericidal effect were seen for Gram-positive (Staphylococcus aureus) bacteria at 
higher concentrations of Cu

2
O NPs. 

Keywords: Bactericidal, co-precipitation, EDX, Gram-positive, XRD
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reaction [9]. 

The metal nanoparticles such as Ag, Cu, etc. are 
found to have antibacterial activity [9,10]. The 
antibacterial effect of copper nanoparticles has 
been credited to their small size and high surface 
to volume ratio which allows them to interact 
closely with microbial membranes [11]. Although 
the mechanisms behind the antimicrobial activity 
of copper nanoparticles are still mystified, the most 
accepted hypothetical mechanisms, first pileup, and 
dissolution of nanoparticles in the bacterial membrane 
changing its permeability causes the degeneracy of 
the proton motive force across the plasma membrane, 
and successive discharge of lipo-polysaccharides, 
intracellular biomolecules, membrane proteins 
[12,13] and next is uptake of metallic ions derived 
from NPs or entirely NPs into cells, causing depletion 
of intracellular ATP production and disruption of 
DNA replication [14,15].

Materials and Methods

a. Synthesis of Cu
2
O nanoparticles

Chemicals like copper sulphate pentahydrate salt 
(CuSO

4
.5H

2
O), polyethylene glycol-6000 (PEG-

6000), were obtained from Merck, sodium borohydride 
(NaBH4) was obtained from Sigma-Aldrich, and 
all chemicals were laboratory grade of reagent and 
used directly to synthesize Cu

2
O nanoparticles by co-

precipitation method without further purification. 

0.01 M and 0.1 M solution of CuSO
4
.5H

2
O were 

prepared using double ionized water, PEG-6000 
were added and magnetically stirred for half an hour. 
After that 0.1 M NaBH

4
 solutions were added drop 

by drop till the color of the solution changed to black. 
The black color of the solution indicates the start 
of the reduction reaction; the solution was further 
magnetically stirred for one hour and left overnight 
for aging. Dry particles of Cu

2
O nanoparticles were 

obtained in the Whatman filter paper after filtering the 
aging solution.

b. Characterization techniques 

The average particle size and surface morphology of 
the Cu

2
O were estimated by TEM images (Tecnai G2 

20 electron microscope) and SEM image (JEOL model 
JSM-7600F) whereas the elemental compositions 
(purity) of the synthesized nanoparticles were studied 
by EDX (JEOL model JSM-7600F). Crystalline 

size and crystallite structure of Cu
2
O nanoparticles 

were determined by XRD (Rigaku ultima IV model) 
employing CuKα radiation (λ = 0.15406 nm). The 
average crystallite size “D” of nanoparticles was 
calculated using Debye-Scherrer’s equation:

D = 0.94 λ / β Cos θ 
Where, λ is the X-ray wavelength (0.15406 nm), β is the 
full width at half maximum in radian and θ is the Bragg’s 
diffraction angle.

c. Antimicrobial activity of Cu
2
O nanoparticles

Two bacterial strains, namely Staphylococcus aureus 
and Escherichia coli a Gram-positive and Gram-
negative bacteria respectively, were taken from the 
Central Department of Biotechnology, Tribhuvan 
University, and were grown in LB Agar (Luria Bertani) 
and stored at 4°C. The media plates were made of 
Muller Hinton Agar (MHA). Bacterial lawn cultures 
were prepared by taking the respective bacteria for 
the different Petri plates labeled accordingly with the 
help of a cotton swab. 

10 mg per mL stock solution of the synthesized Cu
2
O 

NPs synthesized using 0.01 M CuSO
4
 solutions were 

taken and diluted to (0.1, 0.5, 0.75 and 1) mg per mL 
in dimethyl sulfoxide (DMSO) and was also used 
as a negative control sample. 50 µL of each sample 
solution was introduced very carefully in the wells 
of labeled Petri plates, respectively with the help of 
micropipette and were left for a while to diffuse the 
sample through Media. Finally, these plates were 
incubated at 37 °C for 24 hrs.

Results and Discussion

i. Crystalline analysis

XRD data of the synthesized Cu
2
O nanoparticles were 

plotted in figure 1 from 25º to 80º which revealed 
the structures were crystalline. In figure 1, there are 
six distinct peaks appearing at 2ϴ values of 29.68º, 
36.68º, 42.6º, 61.76º, 73.98º and 77.8º corresponding 
to the hkl values (110), (111), (200), (220), (311) 
and (222), respectively and peaks also matches 
with the (JCPDS 05-669)  reference standard XRD 
spectrum of Cu

2
O NPs [1]. Besides, no extra peaks 

of impurity are detected, indicating the synthesized 
Cu

2
O nanoparticles are pure, crystalline with cubic 

crystal structures. The average crystalline size of 
Cu

2
O nanoparticles was calculated from the most 

intense peak labeled 111 at 36.44º using Debye-
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Scherrer’s equation and was found to be 4.77 nm and 
8.02 nm, 0.01 M and 0.1 M precursor concentrations, 
respectively. As the concentration of precursor 
increases, the hydrodynamic size of particles also 
increases. When the concentration of CuSO

4
.5H

2
O 

increases, the stabilizer finds difficulty in fully 
covering the particles and consequently increases the 
part of the uncovered area of nanoparticles, which 
elevates the tendency of particles to interact with each 
other [16]. So, crystal sizes of Cu

2
O were found more 

significant at higher concentrations. 

The SAED patterns of the Cu
2
O NPs in figure 2 shows 

the characteristic diffraction rings corresponding 
to (111), (200) and (220) of the face-centered-cubic 
(FCC) phase which also well supported the crystalline 
phase obtained from XRD.

ii Morphology analyses

Scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) images of 
synthesized Cu

2
O nanoparticles using the precursor 

of 0.01 M CuSO
4
.5H

2
O solution is shown in figures 3 

and 4, respectively.  

Figure 1: XRD patterns of Cu
2
O NPs synthesized using 

two different concentration (a) 0.01 M and (b) 0.1M CuSO
4 

and reducing agent NaBH
4
.

 Figure 2: SAED pattern of Cu
2
O NPs synthesized using 

0.01 M CuSO
4
 and reducing agent NaBH

4
. Figure 4: TEM image Cu

2
O NPs synthesized using 0.01 

M CuSO
4
 and reducing agent NaBH

4

 Figure 3: SEM image of Cu
2
O NPs synthesized using 0.01 

M CuSO
4  

and reducing agent NaBH
4
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SEM and TEM images reveal that the primary 
particles aggregate into secondary particles because 
of their small dimensions and high surface energy 
called Ostwald ripening process [17]. The images 
show that all NPs are uniform in size, in clusters form, 
homogeneously, and evenly distributed. 

iii Elemental analyses

The EDX curve in figure 5 reveal the presence of 
copper, oxygen, carbon, and platinum as major 
elements and found in the sample 60.93 %, 20.34 
%, 5.68 %, and 4.59 %, respectively on the basis of 
atomic percentage of the chemical species and also 
other trace elemental impurities such as aluminum, 
silicon, sulphur, zinc, and zirconium. Pure and stable 
copper oxide nanoparticles are formed with copper 

and oxygen in the ratio of 3:1 by atomic percentage. 
Impurities like platinum were recorded because 
samples were coated by platinum to prevent the 
sample from charging during the sample analysis, 
a recognizable amount of carbons were present in 
samples because polyethylene glycol-6000 were used 
as a stabilizing agent during Cu

2
O NPs synthesis and 

other impurities are due to the laboratory-grade of 
reagent used without further purification.

iv Antibacterial analyses

The antibacterial activities of synthesized Cu
2
O 

nanoparticles using the precursor of 0.01 M 
CuSO

4
.5H

2
O solution were screened with one Gram-

negative (Escherichia coli) and one Gram-positive 
(Staphylococcus aureus) bacteria are shown in figures 
6 and 7, respectively. The zones of inhibition of the 
Cu

2
O NPs at different concentration and standard 

tetracycline antibiotics were measured for both 

Gram-positive and Gram-negative bacteria were 
summarized in table 1. The antimicrobial properties 
of copper oxide mainly depend on the release of 
Cu+, Cu2+ ions and also on radicals like ∙OH, and 
O2∙− generated from photocatalysis activity. These 

 Figure 5: EDX of Cu
2
O NPs synthesized using 0.01 M 

CuSO
4
 and reducing agent NaBH

4

Figure 7: Antibacterial activities shown by Cu
2
O NPs 

synthesized using 0.01 M CuSO
4
 and reducing agent 

NaBH
4
 in Staphylococcus aureus.

Figure 6: Antibacterial activities shown by Cu
2
O NPs 

synthesized using 0.01 M CuSO
4
 and reducing agent 

NaBH
4
 in Escherichia coli.
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ions and radicals are responsible to injure cellular 
structure and disturb the physiological activity of 
microorganisms [7]. Cu

2
O NPs show that broad-

spectrum activity and antimicrobial activity increases 
with an increase in concentrations of the NPs. While 
comparing two different microorganisms, it is seen 
that the antibacterial activity of Cu

2
O NPs is more 

in Gram-positive (S. aureus) bacteria than in Gram-
negative bacteria.

Conclusion

Cu
2
O NPs have been synthesized successfully at two 

different concentration of copper precursors by the co-
precipitation method using NaBH

4
 as a reducing agent 

and (PEG-6000) as a stabilizer. As the concentration of 
precursor increase from 0.01 M to 0.1 M, the particle 
size of Cu

2
O also increases from 4.77 nm to 8.02 nm. 

Morphology, particle size, and purity of synthesized 
Cu

2
O obtained from XRD, SAED, SEM, TEM, EDX, 

corroborate each other. Bactericidal activity of copper 
oxide performed on both Gram-positive and Gram-
negative strain bacteria displays the effectiveness of 
Cu

2
O NPs against bacterial growth and antibacterial 

activity increases with increasing the concentration 
of copper oxide. Moreover, the antibacterial 
activity of Cu

2
O NPs was high for Gram-positive 

(Staphylococcus aureus) compare to Gram-negative 
(Escherichia coli) bacteria.
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Introduction

Elaeocarpus ganitrus   belongs  to  family Elaeocarpeceae, 
and it generally grows in the Himalayan region. It is 
commonly known Rudrakshya in Nepal. The family 
Elaeocarpeceae has about 360 species and is mainly 
found in Nepal, India, Australia, Indonesia and East 
Asia. About 120 species of Elaeocarpus are found in 
Asia, among which Elaeocarpus ganitrus is one of the 
important species with high medicinal value [1]. It is 
an evergreen tree found in tropical and sub-tropical 
regions at the altitude up to 2000 meters from sea 
level. The height of Rudrakshya tree ranges from 50-
200 feet with large sized green leaves [2].

Elaeocarpus ganitrus is a common perennial tree 
which grows on tropical, sub-tropical and hilly 
region of Nepal and other countries including India, 

Malaysia, China, Japan, Australia, Newzealand, Fiji 
and Hawaii [3]. In Nepal, it is widely distributed in 
Eastern hilly and terai districts like Ilam, Pachthar, 
Jhapa, Morang, Dhankuta, Sankhwasabha, Bhojpur, 
Terhathum etc.It is a large evergreen broad-leaved 
tree which grows in the area of gangetic plain to the 
foothills of high Himalaya. Tree has a pyramidal 
shape and starts giving fruit in seven years. The 
mature fruit is a drupe and stone beads are enclosed 
by an outer shell which is blue colored on ripening 
and hence they are also called blueberry beads. Beads 
are hard in nature. Elaeocarpus ganitrus grows in a 
suitable climatic condition of temperature ranging 
from 20-30 oC. 

According to Hindu mythology, Rudrakshya bead 
bears a great religious, spiritual and materialistic 
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Abstract

Elaeocarpus ganitrus (Rudrakshya) is an evergreen tree found in tropical and sub-tropical regions and has 
been commonly used in traditional medicine against various diseases. In the present study, phytochemical 
constituents, antimicrobial activity and antioxidant property of seed of Elaeocarpus ganitrus have been 
evaluated in hexane, ethyl acetate, acetone and methanol extracts. The phytochemical screening showed 
the presence of alkaloids, flavonoids, phenols, tannins, steroids, carbohydrates, saponins, terpenoids etc. 
The antibacterial test showed a significant zone of inhibition against Escherichia coli, Salmonella typhi and 
Staphylococcus aureus with the maximum zone of inhibition of 20mm. The study showed that these extracts 
can be used as antimicrobialsubstances against various bacteria. Antioxidant activity of the methanol, acetone 
and ethyl acetate extract were studied by DPPH radical scavenging assay. The extracts showed significant 
antioxidant activity. Among the IC

50
 values of different extractson DPPH assay for antioxidant determination, 

methanol seed extract showed the lowest value of 28.09µg/mL. This means methanol extract of seed showed 
the significantly high antioxidant properties. Calculation of total phenolic content showed a significant amount 
of phenolic content in different solvent extracts. Methanol seed extract showed the highest total phenolic 
content of 174.6 mgGAE/g. Similarly, methanol seed extract showed the highest total flavonoid content of 
107.13 mgQE/g. These results suggest that the seeds of the Elaeocarpus ganitrus (Rudrakshya) plant from the 
Ilam district of Nepal possess high antimicrobial and antioxidant properties and thus, the plant can be used in 
the discovery of new bioactive natural products.

Keywords: Antibacterial, antioxidant, Elaeocarpus ganitrus, phytochemical analysis.
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significance. The Hindu mythology considers 
Rudrakshya as the symbol of linkage between the 
earth and heaven and is believed to contain the 
secrets of the evolution of cosmos within itself [4]. 
It has a significant position in the Hindu religion and 
in Ayurveda, the ancient Hindu system of medicine. 
Elaeocarpus ganitrus is the king of herbal medicine 
working effectively and has many spiritual and 
medicinal values both as defensive and remedial. It is 
used in folk medicine in treatment of stress, anxiety, 
depression, palpitation, nerve pain, epilepsy, migraine, 
lack of concentration, asthma, hypertension, arthritis, 
liver diseases and is effective antimicrobial agent [5].

Elaeocarpus ganitrus is a source of various 
pharmacologically and medicinally significant 
chemicals such as triterpenes, tannins like geranin 
and 3,4,5-trimethoxy geranin, indolizilidine alkaloids, 
grandisines, rudrakine, and flavonoid quercetin [6]. 
Elaeocarpus ganitrus plant, having ethno medicinal 
claims with regard to their phytoconstituents, 
pharmacological profile and other allied activities, 
has been claimed to exhibit antiaging, antianxiety, 
antidepressant, antidiabetic, anti-inflammatory, 
sedative, anticonvulsive, antihypertensive and 
antimicrobial properties. The beads of Elaeocarpus 
ganitrus helps in therapeutic healing of body diseases 
chronically due to its electromagnetic properties also 
by virtue of acupressure and bio magnetic therapy 
and piezoelectric consequences. It has the ability to 
generate an electric charges in the response to applied 
mechanical stress [7]. The beads, bark and leaves of 
Elaeocarpus ganitrus have immense importance in the 
Ayurvedic medicine system and have been described 
to cure ailments like mental disorder, headache, fever, 
skin diseases, palpitation, insomnia, infertility etc 
[8]. The bark of the Elaeocarpus ganitrus found to 
contain various bioactive metabolites, responsible for 
its various medicinal uses [9]. Elaeocarpus ganitrus 
beads help in the therapeutic healing of various body 
diseases due to its electromagnetic property [10]. It 
is an important medicinal plant with several curative 
properties, that’s why it is used in traditional systems 
of medicine [11].

Despite so many applications of the plants, no 
extensive studies on evaluation of phytochemicals, 
and study on the relation of various phytochemicals 
with their bioactivity efficacy, have been done from 
the seeds of Nepal specially Ilam district. Also, there is 

no comparative investigation in the biological efficacy 
of extracts in different solvents like hexane, ethyl 
acetate, acetone and methanol. The present study aims 
to evaluate the various phytochemicals, total phenolic 
content, total flavonoid content, antimicrobial activity 
and antioxidant property of various solvent extracts 
of seed of this useful plant of Ilam district. The study 
will be utilized to correlate the total phenolic and 
flavonoid contents and phytochemical screening with 
its antimicrobial and antioxidant efficacy.

Materials and Method

Collection of plant materials

The seeds of  Elaeocarpus ganitrus were collected,in 
the month of June, from Rong rural municipality of 
the Ilam district, Nepal. They were then washed shade 
dried and crushed into a fine powder using mortar.

Extraction of plant materials

The powdered seed was extracted using soxhlet 
extractor in the solvent hexane, ethyl acetate, acetone 
and methanol successively at 30 ºC. Then the sample 
was collected separately, evaporated using a rotatory 
evaporator and the dry extract was used for further 
study.  

Phytochemical analysis

The dry extract was analyzed by color reactions, 
different phytochemicals were studied and the 
presence of different groups of phytochemicals was 
noted.

Antibacterial activity

The activity of various bioactive compounds from 
the plants has led to the discovery of new medicinal 
drugs. Antibacterial activity of the plant extract 
was performed by agar well diffusion method. The 
effectiveness of antimicrobial activity was evaluated 
by determining the zone of inhibition. The microbial 
strains obtained from MED-MICRO Nepal laboratory 
Kathmandu were inoculated in agar medium. The 
studied strains include a Gram-positive bacterium 
(Staphylococcus aureus ATCC 25923) Cocci-grapes 
like structure, a Gram negative bacterium (Escherichia 
coli ATCC 25922) short rod shape structure and 
another Gram-negative bacterium (Salmonella typhi) 
pink in color. Six wells were made in each incubated 
media plates with the help of sterile cork borer no.6. 
Sothe diameter of the well was 6 mm and was labeled 
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properly. Then 50 µL of the working solution of the 
plant extract, DMSO as the negative control (Nc) and 
25 µL of Ofloxacin (antibiotic- ear and eye drop) as 
the positive control (Pc) at the same time in separated 
well were loaded into the respective wells with the 
help of micropipette. The plates were subsequently left 
for half an hour with the lid closed so that the extract 
diffused into the media. The plates were incubated for 
24 hours at 37 ºC. After 24 hours of incubation, the 
plates were observed for the presence of inhibition of 
bacterial growth which was indicated by a clear zone 
around the wells. The size of the zone of inhibition 
was measured and the antibacterial activity was 
expressed in terms of the average diameter of the zone 
of inhibition in millimeters. The absence of the zone 
of inhibition was interpreted as the absence of the 
activity. The zone of inhibition (ZOI) was measured 
with the help of a millimeter ruler and the mean was 
recorded.

Antioxidant activity

The numerous methods used to measure the 
antioxidant activity of the plants can give varying 
results depending on the specific free radical being 
used as a reactant. An efficient method to measure 
antioxidant capacity involves the use of the free 
radical, 2, 2-diphenyl-1-picrylhydrazyl (DPPH). The 
antioxidant capacity of ethyl acetate extract, acetone 
extract and methanol extract were evaluated using 
standard DPPH assay [12]. The percentage of DPPH 
free radical scavenging activity was calculated by 
using the following equation:

Radical scavenging (%) = [(A
o
-A

s
)/A

o
]×100

Where, A
o
=Absorbance of the control (DPPH solution + 

methanol), 

A
s 
=Absorbance of the test sample 

The IC
50

 (50% inhibitory concentration) value is 
indicated as the effective concentration of the sample 
which is required to scavenge 50% of the DPPH 
free radicals. IC

50
 values were calculated using the 

inhibition curve by plotting extract concentration 
versus the corresponding scavenging effect.

Preparation of the 0.2 mM DPPH solution

DPPH has a molecular mass of 394.32 g/mol. Thus, 
100 mL of 0.2 mM solution of DPPH was prepared 
by weighing the 0.0078 g of the DPPH carefully and 
dissolving it on methanol and finally maintaining the 

volume to 100 mL. The solution was kept in dark place 
until the use. Different concentrations of test samples 
of 20, 40, 60, 80 and 100 µg/mL were made from 
stock solutions. Then 2 mL of all the test solutions 
were mixed to 2mL of DPPH solution. The test tubes 
were shaken vigorously for the uniform mixing and 
the solutions were kept for 30 minutes in the dark 
place at room temperature. The control was prepared 
by mixing methanol and DPPH solution without the 
plant extracts (methanol + DPPH). After 30 minutes, 
the absorbance of the entire sample was measured at 
517 nm using a UV-visible spectrophotometer. The 
ascorbic acid of the same concentration was prepared 
as a standard and its absorbance was also taken 
spectrophotometrically at 517 nm and the calibration 
curve was constructed. Using ascorbic acid as the 
positive control, the percent radical scavenging 
activity was determined by comparison with the 
methanol treated control group.

Total phenolic content (TPC) determination

The total phenolic content of all selected plant 
extracts were estimated using Folin-Ciocalteu reagent 
involving gallic acid standard based on oxidation-
reduction reaction. The procedure carried out for 
the total phenol content was based on the standard 
procedure using gallic acid as standard. Gallic acid 
stock solution was prepared by dissolving 10 mg of 
gallic acid in 1 mL of methanol. Various concentrations 
of gallic acid such as 20, 40, 60, 80 and 100 µg/mL 
were prepared. An aliquot of 1 mL gallic acid of each 
concentration in methanol was poured to a 20 mL test 
tube. To that 5 mL of folin-ciocalteau (FCR) (10%, 
1:10 v/v diluted in distilled water) and 4 mL of 7% 
Na

2
CO

3
 were added to get a total volume of 10 mL. 

The blue-colored solution was shaken well and then 
incubated for 30 minutes at 40 ºC in a water bath. 
After this, the absorbance was accurately measured 
at 760 nm against a blank containing all reagents 
except gallic acid. The average absorbance values 
obtained at these different concentrations of gallic 
acid were used to plot the calibration curve. By the 
serial dilutions, samples with the concentrations of 
20, 40, 60, 80 and 100 µg/mL were prepared. To these 
diluted solutions, 10% FCR and 7% Na

2
CO

3
 were 

added and incubated for 30 minutes as in the case of 
gallic acid and absorbance was measured at 760 nm 
against blank for each concentration.
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Total flavonoid content (TFC) determination

Total flavonoid content of the seed extracts was 
determined according to the aluminum chloride 
colorimetric method involving quercetin as standard 
[13]. Quercetin stock solution was prepared by 
dissolving 10 mg of quercetin in 1 mL of methanol. 
Various concentrations of quercetin such as 20, 40, 
60, 80 and 100 µg/mL were prepared. An aliquot of 1 
mL quercetin of each concentration in methanol was 
poured to 20 mL test tube containing 4 mL of double-
distilled water. At the zero time, 0.3 mL 5% NaNO

2
 

was added to the test tube. After a minute, 0.3 mL 
of 10% AlCl

3
 was added. After 6 minutes, 2 mL of 

1 M NaOH was added to the mixture. Immediately, 
the total volume of the mixture was made up to 10 
mL by the addition of 2.4 mL of double distilled 
water and mixed thoroughly. The absorbance of the 
pink color mixture was determined at 510 nm versus 
blank containing all the reagents except quercetin. 
All the experiments were carried out in triplicate. 
The average absorbance values obtained at different 
concentrations of quercetin were used to plot the 
calibration curve. The stock solutions of all the 
extracts were prepared by dissolving 10 mg in 1 mL 
of methanol (10 mg/mL). Serial dilutions were carried 
out to get the concentration of 20, 40, 60, 80 and 100 

µg/mL. Following the procedure as for quercetin as 
described above, absorbance for each concentration 
of the extract was measured at 510 nm.

Results and Discussion

Phytochemical analysis 

Different phytochemical constituents present in 
the extract were identified by the color reaction 
with different reagents following the standard 
phytochemical screening methods. The main objective 
of  phytochemical screening was to identify the different 
groups of chemical constituents present in the different 
plant extracts. The screening of phytochemicals 
showed the presence of alkaloids, carbohydrates, 
flavonoids, terpenoids, lactones, tannins, phenols, 
quinines, etc. The main phytochemicals obtained as 
a result of the phytochemical screening of the seed of 
Elaeocarpus ganitrus are summarized in table 1.

The above results show the presence of several 
important phytochemicals in nearly all the extracts. 
Moreover, acetone and methanol extracts have been 
found to contain most of the phytochemicals under 
study. These results show that the plant can be used as 
a potential source of several natural products.

S.N Phytochemicals Name of test H. E E.E A.E M.E 

1 

 

 

2 

 

3 

 

4 

 

5 

 

6 

7 

 

 

8 

9 

 

10 

11 

12 

13 

17 

18 

Alkaloids 

 

 

Carbohydrates 

 

Glycosides 

 

Lactones 

 

Proteins & 

Amino acids 

Fatty acids 

Flavonoids 

 

 

Steroids 

Terpenoids 

 

Saponins 

Tannins 

Phenols 

Phlabotannins 

Anthraquinones 

Quinones 

a) Mayer’s test 

b) Wagner’s test 

c)Dragendroff’s test 

a) Fehling’s test 

b) Molisch’s test 

a) Alkaline reagent test 

b) Legal test 

a) Kedde test 

b)Baljel test 

a) Xanthoprotic test 

b) Biuret test 

a) Spot test 

a) Shinoda test 

b) Shibata test 

c) Lead acetate test 

a) Salkowski test 

a) Salkowski test 

b) Tschugajen test 

a) Froth test 

a) Lead acetate test 

a) Braymerm test 

a) Precipitate test 

a) Alkaline reagent test 

a) Brontiager test 

 - 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

+ 

+ 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

 

Table1: Phytochemical constituents of different solvent extracts of seed of Elaeocarpus ganitrus.

H.E= Hexane extract, E.E= Ethyl acetate extract, A.E=Acetone extract, M.E=Methanol extract, (+) = Presence, (-) = Absence
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Table 2: Antibacterial analysis of hexane, ethyl acetate, acetone and methanol extracts of seed of Elaeocarpus ganitrus.

S.N Plant extract Bacteria ZOI of extract 

1%10% 

ZOI of 

ofloxacin 

1 

 

 

 

2 

 

 

 

3 

 

 

 

4 

Hexane 
Extract 
 
 
Ethyl acetate 
Extract 
 
 
Acetone 
Extract 
 
 
Methanol 
Extract 

S. aureus 

E. coli 

S. typhi 

 

S. aureus 

E. coli 

S. typhi 

 

S. aureus 

E. coli 

S. typhi 

 

S. aureus 

E. coli 

S. typhi 

0 
9 
0 
 
0 
12 
0 
 
8 
12 
18 
 
8 
13 
18 

8 
12 
8 
 
12 
12 
15 
 
10 
12 
20 
 
10 
16 
20 

32 
30 
22 
 
34 
30 
25 
 
33 
30 
23 
 
32 
30 
22 

Table 3: Absorbance values of ethyl acetate, acetone and methanol extracts of the seed of Elaeocarpus ganitrus 
measured at 517nm in the DPPH assay.

S.N Samples Concentration 

(µg/mL) 

Absorbance % inhibition       IC50  

1. 
 

 

 

 

 

2. 
 

 

 

 

 

3.  

Ethyl acetate  
extract 
 
 
 
 
Acetone 
extract 
 
 
 
 
Methanol 
extract 

20 
40 
60 
80 
100 
 
20 
40 
60 
80 
100 
 
20 
40 
60 
80 
100 

0.2756 
0.2393 
0.2079 
0.1454 
0.1156 
 
0.2602 
0.2432 
0.2241 
0.1854 
0.1295 
 
0.2288 
0.1741 
0.1452 
0.1205 
0.0673 

60.43 
65.64 
70.15 
79.12 
83.40 
 
62.64 
65.08 
67.82 
73.38 
81.40 
 
67.14 
75.00 
79.14 
82.69 
90.34 

35.65 
 
 
 
 
 
36.72  
 
 
 
 
 
28.09  
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Antibacterial Activity

 The zone of inhibition (ZOI) produced by the plant 
extract on particular bacteria was measured for 
the estimation of its antibacterial activity. Zone of 
inhibition created by hexane, ethyl acetate, acetone 
and methanol extracts were studied and their effects 
against Gram-positive bacteria Staphylococcus aureus 
and Gram-negative bacteria Escherichia coli and 
Salmonella typhi were evaluated. Results obtained 
from the antibacterial analysis of different extracts 
have been tabulated in table 2.

The above result shows that the acetone and methanol 
extracts exhibit significant antimicrobial activities 
against bacteria under investigation. Acetone and 
methanol extracts have been found highly effective 
against S. typhi. 

DPPH free radical scavenging activity

In this study, the antioxidant activity of each plant 
extract was measured by using 1,1-diphenyl-2-picryl 
hydrazyl radical (DPPH). In this assay, the mixture 
of DPPH with different concentrations of extract 
solutions and ascorbic acid were separately incubated 
at room temperature and absorbance was recorded 
at 517 nm by a spectrophotometer. The calibration 
curve was constructed by measuring the absorbance 
of ascorbic acid in order to calculate the IC

50
 value. 

The value obtained from plant extract was compared 
with ascorbic acid. The observed absorbance values 
with the different concentrations have been tabulated 
in table 3 and graphically represented in figure 1.

 
(MS=Methanol seed, AS= Acetone seed, ES= Ethyl 

acetate seed.)

Figure 1: A bar diagram of IC
50

 values of different seed 
extracts of Elaeocarpus ganitrus and ascorbic acid 

S. N. Sample  Extract TPC(mgGAE/g)  

1 AS Acetone Seed 146.15 

2 ES Ethyl acetate Seed  143.90 

3 MS Methanol Seed 174.60 

The above results show that the methanol extract is 
found to contain the lowest IC

50
 value, which is close 

to the value of ascorbic acid. This result shows its 
efficacy as a good antioxidant.  

Total phenolic content (TPC)

The TPC in plant extract was estimated by using 
the FCR colorimetric method based onoxidation 
reduction reaction. Gallic acid was used as a standard 
compound for the construction of calibration curve. 
The TPC values of different extracts have been 
depicted in table 4.

More conveniently, total phenolic content in different 
plant extracts has been represented in the bar diagram 
in figure 2. 

The result demonstrated that among the studied 
samples, the total phenolic content was the highest 
in the methanol extract, though all the extracts were 
found to contain a significant amount of phenolic 
contents. These TPC values match with the results 
obtained in phytochemical screening.

Total flavonoid content (TFC)

The aluminum chloride colorimetric assay was used 
for the estimation of total flavonoid present in the 

Table 4: Total Phenolic content of different solvent extracts 
of Elaeocarpus ganitrus seed.

(MS=Methanol seed, AS= Acetone seed, ES= Ethyl 
acetate seed.)

Figure 2: Total phenolic content of seed of Elaeocarpus 
ganitrus in different solvents.
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seed extract in a different solvent according to the 
standard procedure involving quercetin as standard. 
The flavonoids of the plant extracts in the presence of 
aluminum chloride forms an acid liable complex, has 
an intense yellow fluorescence which can be observed 
under UV spectrophotometer at 510 nm. The intensity 
of light absorption at that wavelength is proportional 
to the concentration of flavonoids and was determined 
using quercetin as standard. The TFC values of 
different plant extracts (mg quercetin equivalent per g 
dry extract) have been tabulated in table 5.

The results have been represented as a bar diagram in 
figure 3.

The result demonstrated that among the studied 
samples, the total flavonoid content was highest in 
the methanol extract, followed by acetone extract of 
seed. Acetone and ethyl acetate extracts also showed a 
significant amount of total flavonoid content. 

S. N. Sample  Extract TFC (mgQE/g)  

1 AS Acetone Seed 78.92 

2 ES Ethyl acetate Seed  66.88 

3 MS Methanol Seed 107.13 

Table 5: Total flavonoid content of different extracts of 
seed of Elaeocarpus ganitrus.

(MS=Methanol seed, AS= Acetone seed, ES= Ethyl acetate seed.)

Figure 3: Total flavonoid content of seed of Elaeocarpus 
ganitrus in different solvents.

Conclusion

Phytochemical investigation of the seed extract of 
Elaeocarpus ganitrus showed the presence of various 
bioactive substances such as alkaloids, phenols 
and tannins, terpenoids, carbohydrates, quinones, 
flavonoids, glycosides in various solvents. These 
results show the use of this plant as a potential source 
of several bioactive natural products. 

All the extracts of the seed of Elaeocarpus ganitrus 
showed significant antibacterial activity with 
different values of the zone of inhibitions. The 
methanol extract was found to be highly effective 
against Salmonella typhi. These results show the 
efficacy of the plant as a source of antimicrobial 
substances.

Methanol seed extract shows the low value of IC50 
(28.09µg/mL) in antioxidant DPPH assay which 
is close to that of ascorbic acid (23.06µg/mL). A 
significant amount of total phenolic compound was 
obtained in the various extracts, methanol extract 
being highest with total phenolic content of 174.6 
mgGAE/g extract. Similarly, the highest total 
flavonoid content (107.13 mgQE/g) was found in 
methanol seed extract. Other extracts also showed a 
significant amount of total phenolic content as well 
as total flavonoid content. 

Different previous pharmacological studies in this 
plant show the presence of different phytochemicals 
and their antibacterial efficacy. The different zone of 
inhibitions in these studies may be due to the different 
areas of samples as well as different solvents used 
for extraction. Similarly, IC50 value 78-72 µg/mL 
in antioxidant DPPH assay [11] is slightly different 
than the present study, due to the difference in the 
geographical region, climatic condition as well as the 
time of sample collection. 

In the present study, it has also been found that 
high antioxidant activity is shown by the extracts 
which have higher phenolic and flavonoid contents. 
Phenolic compounds and flavonoids play important 
role in antioxidant activity. These all the facts highly 
support the use of Elaeocarpus ganitrus (Rudrakshya) 
in the traditional medicinal system as well as in 
homemade medicines.
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Introduction

Medicinal plants have been the important source of 
medicine amongst traditional tribal healers worldwide 
since antiquity [1]. From the earliest times, herbs have 
been prized for their relieving and healing abilities, 
and today we still curative properties of plants [2]. 
According to WHO, 80% of the people living in 
rural areas depend on medicinal herbs as the primary 
healthcare system and 25% of prescribed drugs are 
derived from plants [2,3]. Hence, drug discovery by 
investigating on bioactive natural products has been 
most significant strategy for new drug development  
[4].

Cancer is one of the leading causes of death in the 
world, and the number of individuals infected with 
cancer is continuing to expand [5]. It is a group of 
diseases caused by loss of cell cycle control and 
associated with abnormal, uncontrolled cell growth. It 

is caused by both external factors (tobacco, chemicals, 
radiation and infectious organisms) and internal 
factors (inherited-mutations, hormones, immune 
conditions, the mutation that occur from metabolism)
[6]. Hence, it is a significant worldwide public health 
problem generally due to lack of widespread and 
comprehensive early detection method, the associated 
poor prognosis of a diagnosis of disease in patients 
[7].

Anticancer activity means reversal, suppression or 
prevention of carcinogenic progression by using 
bioactive natural and synthetic agents [8]. Treatment 
options of cancer are typically expensive and 
unavailable in developing countries [9]. In most 
cases, drugs used for the treatment of cancer are 
not effective or have an unpleasant side effect [10]. 
Therefore, new  drug discovery and development is 
necessary for further treatment option to combat these 
diseases. 
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Abstract

Hypericum cordifolium is a medicinal plant traditionally used for the treatment of the menstrual disorder, 
backache, dislocation of bone, fever, diarrhea and dysentery due to the presence of potential bioactive secondary 
metabolites. Ethanolic extract of dried leaf powder was prepared using the Soxhlet apparatus, followed by 
qualitative phytochemical screening with different reagents. In-vitro cytotoxicity assay was screened by using 
brine shrimp bioassay and LC

50
 was calculated by probit analysis. Alkaloids, glycosides, amino acids, and fixed 

oils were present at very minute level whereas saponin, phenolics and flavonoids were present at significant 
level. Cytotoxicity assay of the leaf extract showed useful results (p<0.05). LC

50 
of 273 ppm, which was less 

than 1000 ppm, showing that the plant is toxic. The study revealed that the plant possessed medicinal values, 
that could justify the traditional medicinal practices. This research has pointed out further possibilities of 
works to be done on this virgin plant creating the opportunity for scientific researches to give birth of potent 
lead molecules. 

Keywords: Hypericum cordifolium, phytochemical screening, probit analysis, LC
50
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In the present study, one of the ethnomedicinally 
important plants has been selected, having very 
few supportive scientific researches Hypericum 

cordifolium, for exploration of its cytotoxicity. H. 

cordifolium is an endemic plant, well-distributed 
from the altitude of  900 m-1700 m in the central 
development region and some part of the western 
development region [11]. This plant has some 
ethnomedical records as a remedy for the menstrual 
disorder, back pain, fever. This is the most attractive 
indication to draw our attention for this project to 
discover toxicity of leaves in cattle [12]. Results 
show that it possess some cytotoxic molecules for this 
action. 

Being endemic, very limited international and also 
national publication on this plant is available. This 
indicates that the real potency of H. cordifolium 
has not been justified scientifically. Hence, research 
aimed to explore cytotoxicity of the plant. As other 
Hypericum species have shown their potentiality 
as anticancer drugs, the H. cordifolium could be an 
alternative species with much more potentiality that 
can meet today’s need for a drug with minimum 
adverse effect and maximum efficacy.

Materials and Methods

Plant collection and identification

Young leaves of Hypericum cordifolium (approx. 8 
kg) were collected from wild, slopy areas of Ashapuri 
village of Bhaktapur district in August. The plant 
was identified in the Pharmacognosy laboratory of 
the Pharmacy Department, Maharajgunj Medical 
Campus, Tribhuvan University, Kathmandu, Nepal. 

Processing of crude drug

The leaves were stripped from the plant by carefully 
discarding the damaged ones. Then the leaves 
were thoroughly washed with water to remove the 
impurities and again washed with 1% saline solution. 
Water was strained from the leaves in the perforated 
bucket transferred in trays for room drying. 

Leaves were thinly spread in the mosquito net in a well-
ventilated room. This room was an insect, rodent, and 
dust proof. Air circulation was maintained through 
room ventilations, but the direct air towards the leaves 
was avoided, as it could increase the contamination 

with germs in the air. It was dried for 15 days followed 
by milling using a mixture grinder. The milled leaves 
were sieved with the sieve of mesh size 2 mm to get 
uniform powder. It was dried at 50 ºC for 30 minutes 
to reduce moisture content considerably below 7.5% 
and was stored.

Solvent extraction

The obtained powder was subjected to pre-soxhlet 
maceration for 6 hours, with 90% ethanol. Then 
the mixture was soxhleted for 48 hours with 90% 
ethanol with a solvent to sample ratio of 10:1 (v/w). 
Each extract was filtered by vacuum filtration then 
evaporated to near dryness using a rotary evaporator. 
Lastly, the percentage yield of extract was calculated 
and stored in container (inside the refrigerator) for 
further studies. 

Phytochemical screening

Phytochemical screening of alkaloids, saponins, 
tannins, flavonoids, terpenoids, resins, phenols, 
protein and aminoacids, phytosterol, carbohydrate, 
glycosides, fixedoils, and fats were carried out for 
ethanolic extracts as per the standard methods [13,14]. 

Brine shrimp lethality assay (cytotoxic activity)

Brine shrimp lethality assay was conducted as per the 
standard method [15,16]. The brine shrimp bioassay 
is based on the ability to kill laboratory-cultured 
Artemia nauplii. Brine shrimp (A. salina) belongs 
to phylum arthropod and class crustacean. Brine 
shrimp are marine invertebrates about 1 mm in size. 
The eggs of brine shrimp remain viable for years in 
the dry state. Brine shrimp method provides a quick 
and economical alternative to vertebrate testing. 
It determines LC

50
 values in ug/mL of test samples 

against nauplii in the brine medium.

Two unequal halves (Larger and smaller compartment) 
was made with a plastic divider in a 22 x 32 cm 
rectangular dish with several holes and filled with 
artificial seawater (28g sea salt/L). The smaller 
compartment was illuminated the light. About 15 mg 
eggs of A. salina were sprinkled larger compartment. 
After 24 hours, phototropic nauplii were collected 
using a Pasteur pipette from the smaller compartment. 
10 shrimps were transferred to each vial containing 
2 mL of seawater and 0.2 mL of 1000, 500, 250 and 
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125 ppm concentration of the extract prepared in 
1% DMSO. The control vials were treated with 1 % 
DMSO (negative control) instead of extract. Each 
concentration replicates was performed in triplicates. 
All the vials were placed under illumination at room 
temp, and after 24 hours, the number of survivors was 
counted and the percentage of deaths was calculated. 
Larvae not exhibiting any internal and external 
movement during multiple observations were 
considered dead. The number of death if occurred 
in the control was also counted and, the data were 
corrected using the following formula. LC

50
 was 

calculated by plotting concentration and % mortality 
(Probit analysis).

Statistical analysis

Cytotoxicity of ethanolic extracts was carried out in 

various concentrations (triplicate). Data were analysed 
by One-way ANOVA followed by Post-Hoc Tuckey 
test using SPSS version 20 (SPSS Inc, Chicago).

Results and Discussion

The extractive value of ethanol was found to be 
highest (45%) when compared with water (35%) 
and ether (5%). Hence the selection of ethanol as a 
solvent for extraction will give the highest yield i.e. 
a large number of compounds. The lowest extractive 
value of ether indicated that there is the fewer amount 
of non-polar constituents but the highest extractive 
value of ethanol, indicated a higher amount of polar 
constituents in leaves powder and also ethanol has 
the ability to extract many non-polar constituents. 
Water could be a choice of solvent for economic and 
easy extraction but there is the chance of microbial 
contamination on storage and extraction of only polar 
constituents. Hence, ethanol due to its high extraction 
ability and less chance of contamination, it will be the 
best option in solvent selection.

Table 1: Phytochemical screening of ethanolic extract of plant leaves

SN Detection Test name Reference Observation Result 

1 pH test Blue litmus paper 

Red litmus paper 

PHvalue 

Turns to red if acidic 

Turn to blue if basic 

Red 

No change 

Acidic 

 

4.72 

2  

Alkaloids 

Hager's test Yellow ppt No yellow ppt. - 

Wagner's test Yellow /brown ppt Brown ppt. + 

Mayer's test White/Pale yellow ppt. No yellow ppt. - 

3 Saponin Foam test Foam persist for 10 min Foam persist for more 

than 10 mins 

+++ 

4 Tannin 5 % FeCl3 Blue, Violet or Purple colour Blue colour +++ 

Gelatin test White ppt. White ppt. +++ 

5  

 

Flavonoids 

Zinc HCl reduction test Purplish pink Purplish pink ++ 

Alkaline reagent  Intense yellow color by 10% NaOH and 

colorless by few drops of dilute HCL 

Colorless ++ 

6 Terpenoids Copper acetate -di- 

terpenoids 

Emerald green color Emerald green ++ 

7 Resin Acetone-water test Turbidity No turbidity - 

8 Phenol Ferric chloride test Bluish Black color Bluish black +++ 

9 Proteins and 

Amino acid 

Xanthoproteic test Yellow color (Proteins) Yellow color ++ 

Ninhydrin test Blue color (Amino acids) No blue color - 

10 Phytosterols Salkowski test Golden yellow (tritepenes) Golden color ++ 

Tshugajeu test Eosin red color (triterpenes) Eosin red color +++ 

11 Carbohydrate Benedicts test Brick red ppt Red color + 

Fehling test Red/Brick red ppt. No red ppt. - 

12 Glycosides Molischs test Red violet ring appears which disappears 

on the addition of alkali 

Nocolor change - 
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The alkaloid was present in trace amount with the 
positive result only in Wagner's test, but there was 
a negative result for other two; Hager’s and Mayer's 
test. The various study performed in other species of 
Hypericum claimed xanthone only alkaloid at very 
minute level [17] and flavonoid and phenol as the 
major constituent components [18]. The screening 
indicated the presence of flavonoid and phenol in 
major amount. The test indicated a huge amount of 
saponin and researches showed that saponins are 
important therapeutically as they are shown to have 
hypolipidemic and anticancer activity. There was 
an appreciable amount of terpenoid in the extract. 
However, in contrast to available study which shows  
the appreciable amount of anthrone derivatives as 
hypericin, pseudohypericin, etc. in other species [19], 
It was found only in a minute or trace amount. Such 
a result might be because of a very less amount of 
glycosides due to loss on storage or drying or the 
available test might not be suitable. There was an 
absence of resin but the presence of a very trace 
amount of fixed oil. The carbohydrate gave positive 
results only for the Benedict's test but negative for 
Fehling's and Molisch test. Similarly, amino acid 
also exhibits dual result giving a positive result for 
xanthotropic whereas negative for the ninhydrin test. 
These dual findings might be due to inherent color 
leaf extract that led to confusion in observations and 
limited sensitivity of the test methods utilized [20].

Brine shrimp cytotoxicity assay 

 Figure 1: Brine shrimp cytotoxicity of different 

concerntation extract 

Cytotoxicity of the extract in various concentrations 

was examined by Brine shrimp cytotoxicity assay and 
results expressed in LC

50
 as presented in the above 

figure. In the present study, the lowest concentration 
of 125 ppm has also shown some range cytotoxic 
activity causing 33.34% mortality, whereas the 
highest concentration of 1000 ppm results highest 
toxicity of 96.67% mortality. The LC

50
 from the table 

was obtained on the concentration of 273 ppm, which 
was less than 1000 ppm that verified that the plant is 
toxic. From the One-Way ANOVA followed by the 
Post-Hoc Tuckey test, it was found that there was a 
significant difference between different concentrations 
and activity at the significant level of 0.05.

No specific molecule from this plant has been 
identified but hypericin-c from H. riparium shows 
potent cytotoxic activity in brine shrimp lethality 
bioassay and hyperuralone A from H. uralum 
exhibited cytotoxic activity against five human 
cancer cell line in-vitro with IC

50
 of 4.6-14.4 µM. As 

brine shrimp cytotoxic assay has been considered as 
a pre-screening assay for antimicrobial, antitumor, 
antimalarial, antifungal, and insecticidal activities 
and a positive correlation exist between brine shrimp 
lethality and human carcinoma [21-23], hence efforts 
have been made to determine the preliminary in-vitro 
anticancer activity of the extract.

Conclusion

This study concludes that ethanolic extract of this 
plant possessed medicinal values, that could justify 
the ethnomedicinal importance. Likewise, this 
research results have pointed out further possibilities 
of works on this virgin plant creating an opportunity 
for scientific researches to give birth of potent lead 
molecules as a remedy of cancer and a gift for the 
welfare of humanity. There is a need for further 
studies in this plant to clarify the in-vivo potential of 
this plant in the management of cancer. That was a 
subject of investigation in our group. Fractionation of 
the extract to identify bioactive fractions and further 
isolation and characterization of compounds are in 
progress.  
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Introduction

Corrosion is an unavoidable natural phenomenon 
which is a serious issue and results in a huge impact 
on the economy [1]. In the UK, the corrosion cost is 
estimated to be 4-5% of the Gross National Products 
(GPS). For most industrialized nations; the average 
corrosion cost is 3.5-4.5% [2]. It is estimated that 
corrosion destroys one-quarter of the world’s annual 
steel production, which corresponds to about 150 
million tons per year in this sector [3]. It is estimated 
that with proper knowledge of corrosion prevention, 
about 25 to 30 % of this loss can be saved. Several 
methods can be applied to control corrosion. The 
use of inhibitors is one of the practical methods 
for protection against corrosion especially in acid 
media, to prevent unexpected dissolution and acid 
consumption [4,5]. Unfortunately, the uses of some 
chemical inhibitors have been limited because their 
synthesis is very often expensive and they can be 
toxic and hazardous for human beings environment 
as well [6]. This has encouraged the search for eco-
friendly corrosion inhibitors as an alternative to 
replace inorganic and organic inhibitors to promote 
sustainable greenness to the environment. These non-
toxic, benign, inexpensive, renewable and readily 

available alternative corrosion inhibitors have been 
found in different parts of plant extracts [7]. 

Natural products obtained from a plant containing 
alkaloids act as an inhibitor. They are environmentally 
friendly and economical. Nepal is rich in natural 
products. Herbs and shrubs are widely spread in 
nature [8]. As organic corrosion inhibitors are toxic 
so green inhibitors are of great interest which are 
biodegradable and do not contain heavy metal and 
other toxic compounds. Plant extracts can be used to 
effectively retard the corrosion rate, called the green 
corrosion inhibitor [9]. 

Green Inhibitors generally have hetero atoms. O, N 
and S are found to have higher basicity and electron 
density and thus act as corrosion inhibitors. O, N and 
S are the active centers for the process adsorption on 
the metal surface. The inhibition efficiency should 
follow the sequence O < N < S < P. The performance 
of a green inhibitor is related to the chemical structure 
and physicochemical properties of the compound like 
functional groups, electron density at donor atom, p- 
orbital character and electronic structure of molecule 
[1,10]. The inhibition could be due to adsorption of 
ions/molecules onto the metal surface, increasing or 
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decreasing anodic or cathodic reaction, decreasing the 
diffusion rate for reactants to the surface of the metal 
and formation of a protective barrier film [10,11].

Materials and Methods 

Preparation of plant extract

The Euphorbia royleana (Siudi) plants were collected 
from Sanothimi, Bhaktapur. The barks of Euphorbia 

royleana  plants were collected and dried in shadow for 
a month. After that dried barks were finely powdered 
in a grinder and stored in an air tight plastic jar. 100 g 
of dried powder barks of the plant were put into 400 
mL 1 M HCl for about 3 days and then refluxed for 
about 3 hours. Then, the solution was filtered off and 
then diluted to 250 mL with 1 M HCl and marked as 
100% or stock solution. The test media were prepared 
by diluting the required volume of extract in 1 M HCl. 
The extract of 10, 20, 30, 40 and 50% concentration 
were prepared and 1 M HCl without extract was taken 
as control.

Preparation of mild steel specimen

The mild steel sample was brought from the local 
market of Balaju, Kathmandu. The sample was cut 
into average dimensions of 30× 30 mm. The samples 
were polished with silicon carbide paper of 100, 400, 
600, 800, 1000, 1200 and 1500 grits and thoroughly 
washed with distilled water and ethanol. It is then 
subjected to a weight loss experiment.

Weight loss experiment

Samples of size 30 × 30 mm were immersed in 50 
mL of different concentration of extracts and in 1 M 
HCl as control. Weight loss was determined for one 
day. MS specimens were also immersed in 50 mL of 
10% and 1 M HCl solution for 2, 5 and 7 days. The 
corrosion rates of the steel were calculated by the 
following expression.

                                         

 

Where,

= weight loss in mg

D = Density of mild steel in g/cm3

A = Area of sample in cm2

T = Time of exposure in hours

The percentage inhibition efficiency (IE) was 
determined from  

                                      

 

Where, W1 and W2 are weight loss of mild steel in without 

and with inhibitor solution 

Potential measurement 

The mounted and polished specimens were tested 
for potential measurements. They were immersed 
in different test media containing 10% and 100% 
concentration of the extracts. The potential was 
recorded at a day intervals for  2, 3, 4 days’ interval 
for 23 days using a digital multimeter with respect 
to Saturated Calomel Electrode (SCE), as reference 
electrode and mild steel specimen as the working 
electrode. The plot of variation of potential (E) in volt 
versus SCE with exposure time was plotted. 

Results and Discussion

Variation of weight loss with time of immersion and 
concentration of bark extract 

The weight loss of the mild steel was calculated by 
the given equation,

Weight loss  

Where, W1 and W2 are weight loss of mild steel without 

and with inhibitor.

The results of the weight loss experiment for mild 
steel immersed in 1 M HCl with and without inhibitor 
were shown in Figure 1. The maximum loss in weight 
was found in 1 M HCl without Euphorbia royleana 
extract throughout the experiment. The addition 
of Euphorbia royleana extract to the test medium 
significantly reduced the weight loss. The addition 
of extract not only decreased the loss in weight but 
also delayed the action of the test medium. This was 
because plant extract had adsorbed on the surface of 
mild steel. It was also observed that loss in weight 
of mild steel was dependent on the concentration 
of Euphorbia royleana extract in the test medium. 
However, the weight loss was increased with increase 
in time. This may be due to the desorption of inhibitor 
when the mild steel was exposed for longer period.

It is observed clearly in Figure 2. that the weight loss 
of mild steel  gradually decreases with an increase in 

∆w 
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the concentration of plant extract due to adsorption of 
inhibitor on the mild steel surface.

 Figure 1: Variation of weight loss with time of immersion

Figure 2: Variation of weight loss with concentration

Variation of inhibition efficiency with concentration of 
bark extract by weight loss method

Weight loss measurement was carried out for different 
concentrations of Euphorbia royleana bark extract to 
study the influence of concentration of extract on the 
inhibition efficiency for mild steel in 1M HCl. The 
inhibition efficiency of the extract on the mild steel 
increases with an increase in the concentration of the 
extract which is shown in Figure 3. This is because, 
as the concentration of the extract increases, the 
fraction of the surface covered by adsorbed molecule 
also increases which results in an increase in the 
inhibition efficiency increases progressively as the 

concentration of the extract increases up to about 
100% (stock solution). The maximum inhibition 
efficiency of 99.60% was achieved.

Figure 3: Variation of inhibition efficiency with 
concentration of extract

Variation of corrosion rate with different concentration 
of extract and time of immersion

It is clearly seen that the corrosion rate decreases with 
the increasing concentration of extract as shown in 
Figure 4.

Figure 4: Variation of corrosion rate with concentration of 
extract  

It is also seen that the corrosion rate is high initially 
which is decreased gradually with the time as shown 
in Figure 5. 

Figure 5:  Variation of corrosion rate with time in days
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It may be due to the contamination of corrosion 
medium with corrosion products or may be due to the 
deposition of corrosion products on the surface of the 
steel sample.

These results confirm the good corrosion inhibition of 
extract towards the corrosion of mild steel in 1M HCl.

Potential measurement 

 OCP or corrosion potential (Ecorr) measurement was 
carried out using a digital multimeter in reference to 
Saturated Calomel Electrode (SCE) as a reference 
electrode. The graph plotted between the potential 
of mild steel versus time, as shown in fig.6. It was 
observed that potential shifted towards more positive 
sharply at first and then decreased slowly and became 
almost constant with the passage of time for HCl 
but for plant extract it was observed that potential 
shifted to more negative value than that of for HCl 
which reveals that sample was cathodically protected 
i.e. it is due to cathodic inhibition and later again 
potential shifted positively which shows that sample 
was anodically protected and then potential became 
almost constant. Therefore, it reveals that extract was 
the mixed type of inhibitor [1].

Time /Days

Figure 6: Variation of corrosion potential with time in days

FTIR spectroscopic analysis

The FTIR spectrum of Euphorbia royleana bark 
extract was analyzed which is shown in figure 7, the 
band at a frequency about (3500-3200) cm-1 is of 
O-H (3550-3200 cm-1) or of N-H (3500-3300 cm-1) 
functional group and band at the frequency (1700-
1600) cm-1 is of C=O (1750-1680 cm-1). Hence the 
FTIR studies reveal that the interaction of the inhibitor 
on the mild steel surface for adsorption in corrosion 
protection. Thus, the band indicates that there is a lone 

pair of electron in hetero atom which is responsible 
for adsorption on metal surfaces.

  Figure 7: FTIR Spectrum of Extract

Conclusion

From the above results, the following conclusions can 
be made.

i. Inhibition efficiency is maximum (99.60%) when the 
mild steel was immersed in 100% stock solution for 
24 hours. Effectiveness of extract towards corrosion 
is due to the presence of organic compounds that 
act as inhibiting film forming on the surface of mild 
steel.

ii. OCP measurement showed that the extract is of 
mixed inhibitor.

iii. FTIR analysis suggested that the adsorption takes 
place due to the presence of functional group O-H, 
C≡N and C=O group. 
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Introduction

Plants are primary sources of medicines since 
ancient times. Medicinally important plants contain 
the various bioactive secondary metabolites having 
several therapeutics importances [1].  Medicinal 
plants are advantageous for various treatments due 
to their fewer side effects, less expensive, efficacy 
and availability throughout the world.  In Ayurveda, 
Ocimum sanctum Linn. has been used for its healing 
properties of the mind, body, and spirit [2]. Ocimum 

sanctum, commonly known as Tulasi or Tulsi in Nepali 
and Holy Basil in English, is the aromatic plant in the 
family Liliaceae [3]. It is a branched and erect herb 
having hair all over [4]. It is the most sacred plant 
among all the herbs found in Nepal. Different parts of 
O. sanctum (leaves, stems, flowers, roots, seeds and 
even whole plant) have been used for the treatment of 
bronchitis, arthritis, malaria, diarrhea, dysentery, skin 
disease, chronic fever, insect bite etc, [5,6]. Evidence 
shows that O. sanctum cures the physical, chemical, 

psychological, and metabolic stress of the human body 
by a unique combination of pharmacological actions 
[7]. It controls metabolic stress through normalization 
of blood glucose, blood pressure and lipid levels 
and psychological stress by enhancing positive 
effects on memory through anxiolytic and anti-
depressant properties [8]. O. santcum also possesses 
anti-infertility, anticancer, antidiabetic, antifungal, 
antimicrobial, hepatoprotective, antispasmodic, 
analgesic and cardioprotective properties [9]. The 
plant is a rich source of essential oil and bioactive 
phytochemical constituents like alkaloids, flavonoids, 
terpenoids, phenolics, tannins and saponins [1,10]. 
Polyphenols and flavonoids present in this plant are 
largely responsible for imparting various therapeutic 
values including antioxidant potentiality. Antioxidants 
are the chemical compounds that can scavenge free 
radicals that are generated in the body due to various 
reasons. Free radicals are capable of attacking the 
healthy body cells which may lead to cellular damage, 
several diseases and disorders [11].
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Abstract

Ocimum sanctum, commonly known as Tulasi in Nepal, is a pharmacologically important plant due to its 
active constituents. In this work, extraction was carried out in hexane, chloroform and methanol solvents 
and their phytochemical screening was performed. Total phenolic and flavonoid contents in the plant were 
measured by Folin-Ciocalteu colorimetric method and aluminum chloride colorimetric method respectively. 
Antioxidant activity of the extracts was evaluated using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenging assay. Alkaloids, flavonoids, tannins, glycosides, polyphenols, terpenoids, tannins and steroids 
are mainly found in the extracts. Based on the result obtained, the plant posses a significant amount of total 
phenolic and total flavonoid content. Both phenolic and flavonoid contents were highest in methanol extract, 
followed by chloroform and hexane extract. Antioxidant activity of the extracts as ascorbic acid standard (IC

50
 

value = 41.34 µg/mL) was in the order of methanol extract (IC
50

 value = 47.73µg/mL) > chloroform extract 
(IC

50
 value = 79.46 µg/mL) > hexane extract (IC

50
 value = 94.68 µg/mL). The extent of the antioxidant activity 

of the plant is following the number of total phenolics and flavonoids present in it. 
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Materials and Methods

Plant materials

Fresh and matured leaves of Ocimum sanctum were 
collected from Dhading, Nepal, in the December 
month of 2018. The plant was authenticated at the 
Department of Botany, Amrit Campus, Kathmandu, 
Nepal. The collected leaves were cleaned, shade dried 
and powdered and stored in airtight bottles.

Extraction

The dried and powdered leaves of Ocimum sanctum 
were extracted separately with three different solvents 
hexane, chloroform and methanol by using soxhlet 
apparatus. Accurately weighed 50 g powdered 
leaves were filled in a thimble and placed in the 
central assembly of the soxhlet apparatus. Accurately 
measured 250 mL solvent such as hexane, chloroform, 
and methanol was added separately to a 500 mL 
round bottom flask. The extraction was done at 68 
ºC, 61 ºC, and 64 ºC for six hours respectively. After 
that, the obtained liquid extracts were concentrated 
using a rotary evaporator (IKA RV 10 digital). The 
percentage yield (w/w) of the crude extracts was 
calculated and stored in the refrigerator at 5 ºC till 
required for analysis. 

Phytochemical screening

The hexane, chloroform, and methanol extracts (1 
gm) were completely dissolved in 100 mL of their 
mother solvents for the stock solution preparation. 
The obtained stock solutions were subjected to 
phytochemical screening by following standard 
protocols [12,13].

Determination of total phenolic content

Total phenolic content was determined by the 
modified Folin-Ciocalteu colorimetric method based 
on the oxidation-reduction reaction [14-16]. The 
stock solutions of hexane, chloroform, and methanol 
extracts were prepared by dissolving 100 mg in 1 mL 
of their  mother solvents. Serial dilutions were carried 
out to get the concentrations of 0.125, 0.25, 0.5 and 
1.0 mg/mL. 1.0 mL of each solution was taken in a 
test tube, and 5 mL of 10% Folin-Ciocalteu reagent 
was added on it. After five minutes, 4 mL of 7% 
Na

2
CO

3
 was added to the mixture. The mixture was 

shaken well and allowed to incubate for 30 minutes 
at 40 ºC for blue color development. The absorbance 
was measured at 760 nm against blank using a 

double beam UV/Visible spectrophotometer (UV 
professional double beam, Shimadzu made). Total 
phenolic content was determined as mg/g of gallic 
acid equivalent (mg of GAE/g of dry extract) by using 
the equation obtained from a standard gallic acid 
calibration curve y=0.014x, R2=0.9951. Values are 
presented as the mean ±SE of each three replicates. 

Gallic acid calibration curve

The Gallic acid calibration curve was prepared by the 
Folin-Ciocalteu reagent method with modification. 
Gallic acid (10 mg) was dissolved in methanol (1 mL). 
It was a concentration of 10mg/mL. It was diluted by 
adding methanol to prepare serial concentrations 10, 
25, 50 and 100µg/mL. The above same procedure 
was followed for gallic acid standard. The absorbance 
was measured for all standard solutions by using UV-
spectrophotometer (UV professional double beam, 
Shimadzu made) at a constant wavelength of 760 nm 
[17].

Determination of total flavonoid content

The total flavonoid content of extracts was estimated 
by the aluminum chloride colorimetric method by 
following standard protocol by Hossain et al. and 
Chandra et al. with some modifications [18-20]. 
Stock solutions of all three extracts were prepared 
by dissolving each extract (100mg) separately with 
their mother solvents. Serial dilutions were carried 
out to get the concentrations of 0.125, 0.25, 0.5 and 
1.0 mg/mL. Different concentrations of different 
extracts (1 mL) were taken in different test tubes 
and added double distilled water (4.0 mL) and 5% 
sodium nitrate (0.3mL) then mixed. All the test tubes 
were kept in a dark place for 6 minutes. Then 10% 
aluminum chloride (0.3 mL) was added into the test 
tube and wait for 5 min in the dark for complete 
reaction. Finally, 2 mL of 1M NaOH was added to the 
mixture. Immediately, the volume of the mixture was 
made up to 10 mL by the addition of 2.4 mL double 
distilled water and mixed thoroughly. The absorbance 
of all samples was measured at a fixed wavelength 
of 510 nm using a UV/Visible spectrophotometer 
(UV professional double beam, Shimadzu made). 
Quercetin standard was used for the calibration curve. 
Total flavonoid content was determined as mg/g of 
quercetin equivalent (mg of QE/g of dry extract) by 
using the equation obtained from a standard quercetin 
calibration curve y=0.0081x, R2=0.9744. All the 
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determinations were carried out in triplicate and the 
results were averaged.

Antioxidant activity test 

The free radical scavenging activity was measured by 
using DPPH (1,1-diphenyl-2-picryl hydrazyl) radical 
scavenging assay as described by Hossain et al.  

and Sharma et al. with some modifications [18,21]. 
Different concentrations (10, 30, 50, 70, 90 &110 μg/
mL) of extracts and ascorbic acid (positive control) 
were prepared. From each solution, 1 mL of each 
solution was taken in an Eppendorf tube and 1 mL 
of the 0.2 mM DPPH solution was added. The tubes 
were shaken and allowed to stand at 30 ºC for half 
an hour. The absorbance was taken on a UV-Visible 
spectrophotometer (UV professional double beam, 
Shimadzu made) at 517 nm. Lower the absorbance 
of the reaction mixture indicates higher free radical 
scavenging activity.  Measurement was performed 
in triplicate and the percentage radical scavenging 
activity was calculated using the following equation:

The standard graph of concentration versus the 
percentage of free radical scavenging activity 
was plotted. Based on this graph, the IC

50
 value of 

each extract was calculated and these values were 
compared. The IC

50
 value closest to that of ascorbic 

acid is considered to have the best antioxidant 
property [22]. 

Results and Discussion

Extraction and phytochemical analysis

The yields of hexane, chloroform, and methanol 
extracts of the leaves of Ocimum sanctum were 3.5%, 
10.50%, 15.25% respectively. The percentage yield 
of extract increases with the increase of the polarity 
of the solvent. The qualitative analysis of the three 
different extracts (Table 1) showed the presence of 
different phytochemical constituents. Flavonoids and 
terpenoids were present in all extracts. Alkaloids, 
glycosides, polyphenols, tannins, and steroids were 
present in chloroform and methanol extract. Proteins 
were found in methanol extract only. The presence of 
these metabolites in the plant helps to show antioxidant 
potency and other biological properties [23].

Key: + = Present   - = Absent

Total phenolic content (TPC) and total flavonoid 
content (TFC)

In the present study, the total phenolic and flavonoid 
contents of three different extracts of Ocimum sanctum 
were determined. TPC and TFC were calculated by 
extrapolation from the calibration curve prepared from 
gallic acid and quercetin concentrations, respectively. 
Table 2 displays the TPC and TFC of three different 
extracts of Ocimum sanctum.

    Table 2: Total phenolic and total flavonoid contents of 
different extracts of Ocimum sanctum leaves

   Data expressed as mean ± SE of three replicates

The result showed significant total phenolic and 
flavonoid content in plant extracts. The number 
of total phenolic content was determined as quite 
high in methanol extract of O. sanctum (180.21 ± 
0.89 mg GAE/g). It was found that total flavonoid 
content is also found highest in methanol extract 
(67.11 ± 0.43 mg QE/g) followed by chloroform 
and hexane extract. The polarity of the solvents may 
affect the concentration of TPC and TFC. The high 
concentration of phenolic and flavonoid components 
in the plant, may effectively eliminate free radicals 
and they directly contribute as antioxidants [23,24]. 
The sufficient amount of total phenolic and total 
flavonoid content in O. sanctum has been reported by 

Phytochemicals Hexane 

extract 

Chloroform 

extract 

Methanol 

extract 

Alkaloids - + + 

Flavonoids + + ++ 

Cardiac glycosides - - - 

Glycosides - + + 

Polyphenols - + ++ 

Terpenoids + + + 

Steroids - + + 

Proteins - - + 

Quinones + - - 

Tannins - + ++ 

Reducing sugar - - - 

 

Extract Total phenolic content (mg 

GAE/g of dry extract) 

Total flavonoid content 

(mg QE/g of dry extract) 

Hexane 60.55 ± 0.25 16.91 ± 0.56 

Chloroform 77.34 ± 0.76 38.47 ± 0.23 

Methanol 180.21 ± 0.89 67.11 ± 0.43 

 

% radical scavenging activity = (Abs.
control

 – Abs.
sample

/ Abs.
control

)×100%
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Table 1: Phytochemical screening of different extracts of 
leaves of Ocimum sanctum
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several authors also [25-29].  

DPPH radical scavenging activity 

DPPH assay was carried out to analyze the antioxidant 
activity of the plant by using ascorbic acid as standard. 
In this assay, different concentrations of different 
extract solutions and ascorbic acid solutions were 
incubated at room temperature and their absorbance 
was recorded by spectrophotometer. The percentage 
of free radical scavenging at different concentrations 
and IC

50
 values of each extract and ascorbic acid were 

calculated and the results are presented in table 3 and 
figure 1.

The figure above shows that percentage inhibition 
of DPPH free radical by extracts of O. sanctum was 
found to be near to ascorbic acid which was taken 
as standard. IC

50
 values of three extracts were also 

found to be close to the standard ascorbic acid taken. 

Among the three different extracts, methanol extract 
was found to have the IC

50
 value of 47.73 µg/mL, 

very close to standard ascorbic acid (41.34 µg/mL). 

So, methanol extract of O. sanctum is more potent 
in terms of antioxidant activity. It also contains the 
highest amount of TPC (180.21 ± 0.89 mg GAE/g of 
dry extract) and TFC (67.11 ± 0.43 mg QE/g of dry 
extract). The high antioxidant activity of the methanol 
extract may be due to the presence of phytochemicals 
such as flavonoids, polyphenols, and tannins. This 
work is also supported by previous reports that 
flavonoids, polyphenols, and tannins found in plants 
have significant antioxidant activity [25,26]. This 
shows that O. sanctum leaves can act as a very 
good option in the field of medicine based on the 
antioxidant property of natural products chemistry. 
Previous studies from various researchers reported 
O. Sanctum as a protective antioxidant supplement 
[30,32]. Kelm et al. isolated six major compounds 
from O. sanctum which are  responsible for exhibiting 
antioxidant activity by the plant [32].

Conclusion

In the present investigation, extractions from Ocimum 

sanctum leaves powder has been carried in hexane, 
chloroform and methanol solvents. Phytochemical 
screening of the extracts revealed the presence 
of alkaloids, flavonoids, tannins, glycosides, 
polyphenols, terpenoids, tannins and steroids. The 
plant possesses a high amount of total phenolic and 
total flavonoid contents. DPPH scavenging activity 
showed that the plant possesses high antioxidant 
properties. Among all three extracts, the IC

50
 value of 

methanol extract was the lowest and closest (47.73 
µg/mL) to that of standard ascorbic acid (41.34 µg/
mL). The significant potency of the extracts of O. 

Concentration 

(µg/mL) 

% free radical scavenging activity 

Hexane extract Chloroform extract Methanol extract Ascorbic acid 
0 0 0 0 0 
10 5.71 24.28 44.28 48.57 
30 18.57 31.42 52.85 57.14 
50 30.0 42.85 60.0 62.85 
70 40.0 50.0 65.71 67.14 
90 48.57 54.28 68.57 74.28 
110 54.0 57.14 71.42 77.14 
IC50 value(µg/mL) 95.68 79.46 47.73 41.34 
 Values are expressed as mean ± SD (n=3)

Table 3: DPPH free radical scavenging activity and IC
50 

values of O. sanctum extracts and standards
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Figure 1: Comparison of % radical scavenging between 
ascorbic acid and different extracts of O. sanctum
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sanctum leaves as antioxidant agents may be due to 
the presence of high phenolic and flavonoid contents. 
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Introduction

The Bagmati originates from the Shivapuri Hills and 
flows through the Kathmandu valley. It is enormous 
important culturally, historically, biologically, and 
geologically. It is one of the holy rivers of Hindu. The 
river passes by the holy Pashupatinath and many other 
culturally important small temples. Culturally and 
historically, there are no alternatives to river water for 
the people in Kathmandu and other places of Nepal. 
People take bath, take water in their hands for paying 
gods and homage to their ancestors and bring small 
quantities of water to their home for use in rituals. It 
provides habitat and food for many living organisms. 
In addition, some people living near the bank are 

still using Bagmati River water for bathing, washing 
vegetables, utensils and clothing, in agriculture, 
industry and irrigation [1-3].

Such an immense important Bagmati River is suffering 
from an enormously high level of pollutants [4]. 
Many residents in Kathmandu valley are discharging 
untreated sewage, personal garbage and industrial 
waste into the river. The degradation of water quality 
and ecology of Bagmati River threaten not only 
human, but also living organisms rely on the river. The 
consumption of contaminated water causes a variety of 
water-borne diseases like cholera, dysentery, diarrhea, 
typhoid etc [1,2,5]. WHO estimates that about 3.4 
million people die every year as a result of water-
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Abstract

Water quality parameterization is a great concern because chemical contaminants and microbiological 
impurities including pathogenic bacteria may pose a health risk and unfit for its domestic use. Alkalinity, pH, 
conductivity, chlorine demand, turbidity, and ammonia were measured to characterize the water quality of 
the Bagmati River. The effect of tributaries on Bagmati River was determined by sampling water from five 
different sites such as Pashupati (B-1), Shankhamul (B-2), Kupondol (B-1), Balkhu (B-4), and Jalbinayek 
(B-5) sites. The water samples B-2, B-3, B-4 and B-5 were less turbid but black in color while water sample 
B-1 was more turbid but grey in color. The pH of water samples ranged from 6.7 to 7.3. The alkalinity, 
conductivity and chlorine demand were 60 ppm, 95.7 µs and, 5.44 ppm, respectively for B-1 sample and 
increased almost continuously from B-2 to B-5 sample. The alkalinity was 360 ppm, conductivity was 862 
µs and chlorine demand was 23.7 ppm for the last sample (B-5). The concentration of ammonia in the B-1 
sample was only 0.0625 ppm whereas it was 3.32 ppm in the B-5 sample. The enhancement of chlorine 
demand and concentration of ammonia attributed that tributary and local effluent loaded extremely high levels 
of pollutants into the Bagmati River which might include pathogenic microorganisms. The random chance of 
some parameters like pH, conductivity, ammonia, turbidity along the Bagmati River indicates the impacts of 
different tributaries on Bagmati River. The chorine demand showed a positive correlation with conductivity, 
alkalinity and ammonia while the negative correlation with turbidity. This revealed that the conductive alkaline 
pollutants consumed more chlorine than colloidal particles. From the study it is considered that the Bagmati 
River water contains natural as well as anthropogenic pollutants which is extremely hazardous not only to the 
people using river water but also for the living organism rely on the river.  

Keywords: Alkalinity, chlorine demand, river water, turbidity, water pollution.
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related diseases in developing countries [6]. In Nepal, 
many children up to 4 years die from water-borne 
diseases [7,8]. Although numerous campaigns were 
conducted to clean the Bagmati River, the stinking 
smell and blackish color of the Bagmati River water 
still increasing. This indicates that the determination 
of source of pollutants and the measurement of 
pollutants level along the Bagmati River is decidedly 
important to rectify the problem and implement the 
action effectively. The measurement of pollutant 
levels of water after mixing the tributaries will be the 
one step to rectify the role of tributaries on Bagmati 
River water pollution. 

Water quality can be characterized by physico-
chemically and biologically [9]. Some of the 
commonly used Physico-chemical parameters are 
pH, alkalinity, conductivity, ammonia, turbidity, 
dissolved oxygen (DO), biological oxygen demand 
(BOD), chemical oxygen demand (COD) etc. The 
measurement and comparison of these parameters 
with water quality standards can determine the quality 
and usability of water. High pH of river water is not 
suitable for life whereas low pH is especially harmful 
to immature fish and insects and also responsible for 
corrosion [5]. The highly alkaline water is usually 
unpalatable [10-12]. Conductivity relates to the 
salinity (total dissolved salt) and total dissolved 
solids, both of which affect water quality and aquatic 
life [11]. The decomposition of organic waste matter, 
gas exchange with the atmosphere, forest fires, animal 
and human waste and nitrogen fixation processes 
are the natural sources of ammonia. Ammonia is an 
important nutrient for plants and algae that reside in 
river water. However, the elevated concentration of 
ammonia is toxic to aquatic life. The concentrations 
ranging from 0.53 to 22.8 mg/L are toxic to freshwater 
organisms [9]. 

Materials and Methods

Samples were collected from five different sampling 
sites along the Bagmati River in September. This is 
the last month of the rainy season. Therefore, water 
level and velocity of water flow were high during 
the sampling time. The sampling sites were selected 
to determine the effect of the tributaries on the 
enhancement of the pollutant level including pathogen 
in the Bagmati River. The pretreated plastic bottles 
were used to collect samples from about 1 feet depth 
in each sampling site. The samples were collected 

randomly on different days. Therefore, the temporal 
variation of the water quality parameter of Bagmati 
river water was not considered in this study. The 
temperature and pH of water samples were measured 
directly on the spot using thermometer and pH meter 
(CE, pH600), respectively. The collected samples 
were brought into the laboratory and stored in a cool 
place and analyzed as soon as possible. Each sample 
was analyzed at least three times for each parameter.

Physico-chemical parameters were analyzed by 
using the standard method and using the instrument. 
The alkalinity, hardness were determined by 
titrimetric methods. Chlorine demand is measured 
by implementing the starch-iodine method. The 
concentration of ammonia was determined by the 
using Phenate method. The turbidity and conductivity 
of water samples were measured using Nephelometer 
and conductivity meter, respectively.

Results and Discussion

The present study was focused to measure the water 
quality parameter along the river to determine the effect 
of tributaries on the enhancement of contaminants 
on the Bagmati River inside the Kathmandu valley. 
As shown in Figure 1, water flows from Pashupati, 
Shankhmul, Kupondol, Balkhu sites to the Jalbinayak 
site. Along with the flow of water, it collects water 
from the Manahara, Dhobikhola, Bishnumati, and 
Balkhukhola rivers. The sampling covered about 12 
kilometers length of the Bagmati River ranging from 
Pashupati to Jalbinayak. The sampling sites (5 sites) 
were selected in such a way that the effect of tributaries 
on the water quality of the Bagmati River could be 
determined. The sampling sites of Bagmati River 
were represented by the black spot in the Figure 1. 
The water samples were represented as B-1, B-2, B-3, 
B-4 and B-5 for Pashupati, Shankhamul, Kupondol, 
Balkhu and Jalbinayak water samples respectively. 
The B-1 was considering as the water sample before 
loading pollutants from the tributaries of Kathmandu 
valley. The samples B-2, B-3, B-4 and B-5 determine 
the effects of Monohara, Dhobikhola, Bishnumati and 
Balkhukhola rivers on Bagmati River, respectively. 
Three samples were collected from B-1 and B-2 at 
different times. The analytical results showed the 
almost same value for different parameters. Therefore, 
the influence of time on the water quality parameter of 
Bagmati River water was not considered in this study. 
The samples were collected randomly at different 
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sampling sites on different days.

 Figure1: Sampling sites of Bagmati River

Physico-chemical parameterizations of river water 
sample

The physical parameters such as temperature, color, 
pH, and conductivity of five different samples were 
shown in Table 1. Temperature was 19 ˚C in the case 
of B-1, B-2, and B-3 samples, and it was 18 ˚C in 
the case of B-4 and B-5. Some of the water quality 
parameters are influenced by the temperature of the 
water. High temperature decreases the oxygen level 
in the water which is favorable for the growth of 
bacteria at the anaerobic condition. This may enhance 
the chlorine demand. Similarly, the temperature also 
effects on physical properties such as pH, conductivity, 
alkalinity etc. [6]. In this study, the samples were 
collected randomly from different observation sites. 
The observed temperatures of all samples were 
almost equal. Therefore it was considered that all 
samples had a similar environmental condition and 
the temperature difference had a negligible effect on 
the measured parameters of the samples. The color 
of water indicates the quality of water. It is greatly 
influenced by the suspended and dissolved particles as 
well as ambient conditions in which water is present. 
From the color of water, the physical, chemical and 
bacteriological conditions can be determined. The 
color of water sample the B-1 was grey in color while 
all other samples were black (Table 1) although the 
color of the B-3 sample was greyish black. The black 
color of river water is an indication of the presence of 
anthropogenic pollutants.

Bagmati River water flows continuously along with 
the sampling sites from B-1, to B-2, B-3, B-4 and 

B-5. During its flow it collects water from different 
tributaries, hence, the water quality of Bagmati River 
water is influenced by the water quality of tributaries. 
Figure 2 shows photographs of water samples. The 
photograph shows that the B-1 sample was turbid 
and purely grey in color but the other samples were 
appeared black, dirty and unhealthy in nature. Figure 
2 shows that the color and transparency were different 
for the different water samples. The sample B-2 was 
transparent and black in color. The sample B-3 was 
more turbid and black color was less pronounced 
as compared to sample B-2. Similarly sample B-4 
appeared to be transparent but suspended particles 
were clearly observed in this sample. The sample B-5 
was blackish in color. The photograph showed that 
B-1 sample mostly contains fine particles of clay and 
the sample B-3 contains clay particles with pollutants. 
However, other samples might contain pollutants such 

as dissolved organic matter, decaying sewage, nasty 
debris, etc.rather than clay particles [9]. The variation 
of color and transparency of sample water from 
upstream (Pashupati) to downstream (Jalbinayak) 

 

Water sample Temperature 

( ˚C ) 

Color pH Conductiv

ity 

(µS/cm) 

B-1 19 Grey 7.3 95.7 

B-2 19 Black 7.5 522 

B-3 19 Greyish Black 7.1 582 

B-4 18 Black 6.9 507 

B-5 18 Black 6.7 862 

Figure 2: Photograph of water sample of (a) Pashupati (B-
1), (b) Shankhamul (B-2), (c) Kupondol (B-3), (d) Balkhu 

(B-4), and (e) Jalbinayak (B-5).
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Table 1: Physical parameterization of water samples
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revealed that there was a great influence of tributaries 
on water quality parameters of Bagmati River. 

The concentration of hydrogen ion [H+] in water is 
represented by pH. The water with a low pH (<6.5) 
could be soft and corrosive while water with a high 
pH (> 8.5) could be hard and corrosive in nature 
[13,14]. The pH of different water samples was 
tabulated in Table 1. The pH was ranged from 6.7 to 
7.5 which falls within the range of natural water (6.5 
to 8.5) [14]. The samples B-4 and B-5 were slightly 
acidic while other samples were slightly basic in 
nature. The pH revealed that water samples might 
contain weak electrolytes. Conductivity is related to 
the concentration of ions present in the water. The 
observed conductivity was 95.7, 522, 582, 507 and 
862µS/cm for the samples B-1, B-2, B-3, B-4 and 
the B-5, respectively. The highest conductivity was 
observed in the case of B-5.The conductivity of water 
samples (B-2, B-3 and B-4) were five times and B-5 
sample was almost nine times higher than that of B-1 
samples. The drastic enhancement of conductivity 
attributed that the tributaries and/or local outlet loaded 
conducting pollutants in the Bagmati River. 

Figure 3: Turbidity of different water samples of Bagmati 
River

Turbidity is another important parameter that indicates 
the presence of insoluble particulate matter. Turbidity 
in natural water is caused by clay, silt, industrial wastes, 
organic matter, sewage, phytoplankton and other 
microscopic organisms. Excessive turbidity in river 
water is harmful to fish and aquatic animals however, 
it is suitable for food and shelter for pathogens which 
enhances the growth of pathogens [15]. The turbidity 
was 14.2, 3.2, 6.2, 4.48 and 2.64 NTU for sample 
B-1, B-2, B-3, B-4 and B-5, respectively (Figure 
3). The maximum turbidity was observed in the 
case of a water sample from the Pashupati site (B-

1) i.e., before mixing of tributaries of Kathmandu 
valley. The measured turbidity of different sample 
water was comparable to the transparency revealed 
by the photograph (Figure 2). The photograph shows 
that the water samples B-2, B-4 and B-5 were more 
transparent that the water samples B-1 and B-3. The 
data attributed that the dark polluted water samples 
contains soluble pollutants whereas grey water 
samples contain insoluble suspended particles. From 
the results, it is considered that the less polluted grey 
water contains clay, silt etc. but polluted black water 
contain soluble conductive pollutants especially B-5.

Alkalinity protects water to become acidic. Hence, it 
is important for fish and aquatic life. The pH of the 
water will change when the buffering capacity of 
water is decreased. Water with low levels of alkalinity 
(<155 ppm) has the low buffering capacity, hence, is 
more likely to be corrosive. The alkalinity of natural 
water is determined by dissolving the soil, limestone or 
dolomite minerals in the water [12,14]. Figure 4 shows 
that the alkalinity of water samples B-1 was low (50 
ppm) but that of B-5 was more than 7 times higher (360 
ppm). It was also found that alkalinity was increased 
continuously down flow from B-1 to B-5 sampling 
sites. Alkalinity mainly determines the concentration 
of carbonate, bicarbonate and hydroxyl ion in water. 
The alkalinity of the water sample reveals that water 
sample B-1 contains a less amount of carbonate and 
bicarbonate ions whereas concentrations of these 
ions were increased continuously by the tributaries in 
other samples. The alkalinity observed in this study 
was lower than that reported by previous studies 
(875 ppm [16] and 494 ppm [4]).  The sample was 
collected in September. During this time the water 
level and flow velocity of Bagmati River were high. 
The lower value of alkalinity in this study may be due 
to the dilution of river water by continuous rainfall or 
due to the presence of anthropogenic pollutants rather 
than natural soil and minerals. 

Ammonia gas is extremely soluble in water. It is 
found either as ammonium hydroxide or ammonium 
ion in the water. When the pH of the water is less 
than 7 the ammonia is present as the ammonium 
ion and as the pH of the water is higher than 7 it is 
present as the ammonium hydroxide [10].  Whatever 
may be the form of the presence of ammonia in 
natural water is considered as indicative of sanitary 
pollution. Although, it is widely used and common in 
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our society, it can be both hazardous and caustic. It 
can block the transfer of oxygen in the gills of fish. 
The safe level of ammonia is between 0.02 and 0.4 
in marine environments [7,17]. The concentration of 
ammonia observed for the different water samples 
was plotted in Figure 5. The ammonia concentration 
was only 0.0632 ppm in the case of the B-1 sample 
which was within the limit (0.2 ppm) for the surface 
water as recommended by WHO [17]. However, the 
concentration of ammonia was extremely high for the 
other samples. It was 2.3, 1.84, 1.63 and 3.32 ppm for 
B-2, B-3, B-4 and B-5, respectively. The concentration 
of ammonia in B-2 and B-3 was very high as compared 
to that in the case of sample B-1but it was lower than 
that of the sample of B-2. The photograph (Figure 2) 
and turbidity (Figure3) of water samples B-3 indicated 
that the sample contains clay particles in addition to 
another pollutant. The decrease in the concentration 
of ammonia in this sample may be due to the mixing 
of the tributaries such as Dhobikhola and Bishnumati 
containing less amount of municipal waste (sanitary 
pollution). Kafle (2016) reported that the Bagmati 
River water at Balkhu sites was more polluted than 
the Dhobikhola and Bishnumati river water [16]. 
Milner et.al. (2015) reported that the municipal waste 
and sewage entering the river drastically enhances 
the concentration of ammonia in Kathmandu valley 
especially near the Chovar (nearby B-5 sites of this 
study) [1]. The concentration of ammonia in the B-5 
sample was highest and it was nearly two times that 
in the B-4 sample. It reveals that Blkhukhola loaded a 
high concentration of ammonia in the Bagmati River.

The difference between the amount of chlorine 
added and chlorine remaining (residual chlorine) 
after a certain time in the water sample is called 
chlorine demand. It depends on the chlorine dosage, 
contact time, temperature, pH, nature, and amount of 
impurities in water. Chlorine demand was measured 
by maintaining a chlorine dose of 40 ppm, contact 
time of 35 minutes, the temperature at 18-19 and pH 
of 6-7. 

Figure 6 showed that the chlorine demand of 
B-1sample was low (5.44 ppm) and continuously 
increased from B-2 (11 ppm) to B-5 (23.7 ppm) 
samples. The chlorine demand attributes the presence 
of inorganic and organic contaminants with pathogenic 
microorganisms in the water [4,13]. Adhikari and 
Sah (2017) observed the chlorine demand as high 
as 12 ppm, 20 ppm and 22 ppm for the Bagmati 
River (Pashupati site), Dhobikhola and Bishnumati, 
respectively. Increasing the chlorine demand along 
the Bagmati River revealed that tributaries and local 
effluent enhanced the pathogenic microorganism 
excessively in addition to chemical pollutants.
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Figure 4:  Alkalinity of different water samples of Bagmati 
River

Figure 5: Ammonia concentration of different 

water samples

Figure 6: Chlorine demand of different water 
samples of the Bagmati River
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Correlation curves

Correlation is a statistical measure that indicates 
the extent to which two or more variables fluctuate 
together. A positive correlation indicates the extent 
to which those variables increase or decrease in 
parallel; a negative correlation indicates the extent to 
which one variable increases as the other decreases. 
The dependency of chlorine demand on different 
parameters such as ammonia, turbidity, alkalinity, and 
conductivity was shown below in Figure 7, 8, 9 and 10 
respectively. Figure 7 shows the positive correlation 
between chlorine demand and concentration of 
ammonia on Bagmati River water. The correlation 
coefficient (r2=0.74) revealed the positive impact 
of ammonia concentration on chlorine demand for 
a given sample of water. The results attribute that 
the tributaries containing municipal waste loaded 
ammonia and pathogenic microorganism in the 
Bagmati River that excessively enhanced the chlorine 
demand.

Figure 8 shows the dependency of chlorine demand on 
the turbidity of different water samples in the Bagmati 
River. It evinced that there was a negative correlation 
between these variables i.e., the dependency of 
turbidity on chlorine demands for a given sample of 
Bagmati River was poor. The results attribute that the 
high consumption of chlorine by water sample was 
due to the presence of soluble impurities rather than 
the colloidal particles in the river water.

Figure 9 shows the dependency of chlorine demand 
on the alkalinity of different samples of water in 
the Bagmati River. There was a positive correlation 
(r2=0.86) between the variables and the correlation 
coefficient close to the proximity of unity. 

Both these parameters were found to be increasing 
along the Bagmati River going down from Pashupati 
to Jalbinayak sites. It attributes that in addition to 
ammonia the alkalinity includes other pollutants that 
also consumed chlorine.

 

Figure 7:  Correlation curve between chlorine demand and 
ammonia
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Figure 8:  Correlation curve between chlorine demand and 

turbidity

 

Figure 9:  Correlation curve between chlorine demand and 
alkalinity
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Figure 10:  Correlation curve between chlorine demand 

and conductivity

Figure 10 shows the correlation between chlorine 
demand and conductivity of Bagmati River water. 
It showed that there was a positive correlation 
between the variables with a better correlation 
coefficient (r2=0.84) which was more close to the 
proximity of unity. Both these parameters were found 
to be increasing in all sampling sites going down 
from the Pashupati site to Jalbinayak. It inferred 
that in additions to pathogenic microorganism the 
conductive ions like ammonia, chlorides, sulfides, 
carbonates, bicarbonates present in the river water 
were responsible for high chlorine demand.

Conclusion 

The water samples were collected from five different 
sites of the Bagmati River to understand the effect 
of tributaries on the Bagmati River water system.  
As expected all measured parameters such as pH, 
alkalinity, conductivity, ammonia and chlorine 
demands were very low at the Pashupati site and very 
high at Jalbinayak site. The alkalinity and chlorine 
demand were continuously enhanced along the 
Bagmati River from Pashupati to Jalbinayak sites. 
The conductivity and ammonia were very low at 
Pashupati site and they were enhanced randomly along 
the downstream from Shankhamul to Jalbinayak. In 
addition to these parameters, pH, color and turbidity 
of water samples attribute that the different tributaries 
had different impacts on the water quality of Bagmati 
River. All the measured parameters indicated that 
the B-5 sample contained an extremely high level 

 of pollutants as compared to the B-1 sample. The 
extremely high concentration of ammonia and 
chlorine demand and color of the water samples 
attributed that effluent from Balkhukhola loaded 
extremely high levels of pathogenic microorganism 
in addition to chemical pollutants. The correlation 
curves attributed that the contribution of ammonia 
and alkalinity on chlorine demand was positive 
while that of turbidity was negative. It showed that 
the municipal waste containing soluble salt including 
ammonia consumed more chlorine than solid particles 
including clay, soil etc. Hence, it is considered that 
the tributaries are highly responsible for enhancement 
of precarious pollutants in river water, which is 
extremely hazardous for all living organisms, relies 
on the Bagmati River. A more detail study is necessary 
to understand the contribution of different tributaries 
in the enhancement of types and amount of pollutants 
in the Bagmati River.

References

1. C. Milner, H. Basnet, S. Gurung, R. Maharjan, 
T. Neupane, D. N. Shah, B. M. Shakya, R. 
Tachamo, R. D. Shah, and S. Vaidya, Bagmati 
River Expedition 2015: A baseline study along the 
length of the Bagmati River in Nepal to gather data 
on physical, chemical, and biological indicators of 
water quality and pollution; and document human-
river interaction, Nepal River Conservation Trust 

and Biosphere Association, Kathmandu, Nepal, 
2015.

2. A. N. C Wolfe, Microbial contamination in the 
Kathmandu valley drinking water supply and 
Bagmati river. Master of Engineering Thesis. Civil 
and Environmental Engineering Department, 
Massachusetis Institute of Technology, USA, 
2000.

3. M. Sagara and R. Lipscomb, Study of filtration 
for point-of-use drinking water treatment in 

Nepal, Veirginia Polytechnic Institute and State 
University, Falls Church, Virginia, 2003.

4. M. P. Adhikari and M. K. Sah, Chlorine demand 
and water pollutants of pond and river water, 
Journal of Nepal Chemical Society, 2017, 36, 39-
48.

5. M. S. Khadka, The groundwater quality situation 
in alluvial aquifers of the Kathmandu valley, 
Nepal, AGSO Journal of Australian Geology & 

Journal of Nepal Chemical Society, December 2019, Vol. 40                                 M. Pradhananga Adhikari et al., 2019



        43  https://www.nepjol.info/index.php/JNCS

Geophysics, 1993, 14, 207-211. 

6.  WHO, Guidelines for Drinking Water Quality, 3rd 

Ed, World Health Organization, 2004, Geneva.

7. S. Sharma, R. M. Bajracharya, B. K. Sitaula and 
J. Merz, Water quality in the central Himalaya, 
Current Science, 2005, 89(5), 774-786.

8. C. K. Sharma, Chemical pollution of the soil and 
groundwater in the Kingdom of Nepal, Ground 

Monit Manage, 1990, 173, 391-397.

9. M. O. Ben-Coker, Effect of Slaughter house 
discharge on Water Quality of Ikpoda River, 
Nigeria, Bioscience Technology, 2012, 2(1), 1-4.

10. M. K. Ladipo, V. O. Ajibola and S. J. Oniye, 
Seasonal variations in physicohemical properties 
of water in some selected locations of the Lagos 
lagoon, Science World Journal, 2011, 6(4), 5-11.

11. Ch. Leelavathi, U. K. Sainath, and A. K. Rabbni, 
Physicochemical characterization of ground 
water of Autonagar, Vijayawada, Krishna 
district, International Journal of Engineering 

Development and Research (IJEDR), 2016, 4(2), 
1324-1328.

12. N. K. Koju, T. Prasai, S. Shrestha and P. Raut, 
Drinking water quality of Kathmandu valley, 
Nepal Journal of Science and Technology, 2014, 

15(1), 115-120.

13. O. C. Modoi, C. Roba, Z. Torok and A. Ozunu, 
Environmental risks due to heavy metal pollution 
of water resulted from mining wastes in NW 
Romania, Environmental Engineering and 

Management Journal, 2014, 13(9), 2325-2336.  

14. World Health Organization, International 

Standard for Drinking Water, 1999, 5, 3-6.

15. K. Cinque, M. A. Stevens, D. J. Roser, N. J. Ashbolt 
and R. Leeming, Assessing the health implications 
of turbidity and suspended particles in protected 
catchments, Water Science Technology, 2004, 
50(1), 205-210.

16. M. Kafle, Chemical characterization of water from 
different sources at different places, M.Sc. Thesis, 
Central Department of Chemistry, Tribhuvan 
University, Nepal, 2016, 41-47.

17. World Health Organization “Guidelines for 

Drinking-Water Quality 4th Ed, World Health 
Organization, 2011, 20 Avenue Appia, 1211 
Geneva 27, Switzerland.

Journal of Nepal Chemical Society, December 2019, Vol. 40                                 M. Pradhananga Adhikari et al., 2019



44        https://www.nepjol.info/index.php/JNCS

Introduction

In recent years, fluoride and fluorosis are globally 
common issues. Many developing countries have 
been facing problems with fluorosis. Due to natural 
and anthropogenic activities, the ground water 
becomes infected by fluorides [1,2]. Fluorine is 
one such pollutant that threatens living organisms 
especially humans [3]. Fluoride in drinking water has 
both merits and demerits to human health. Fluorides 
in trace amounts are essential for living beings for 
improvement of bone and dental enamel but higher 
concentration than 1.5 mg/L causes skeletal and dental 
fluorosis [4,5]. Industries such as glass and ceramic 
production, electroplating, brick and ironworks, 
semiconductor manufacturer and aluminum smelters 
produce fluoride contaminants that are discharged into 
water resources [6,7]. The effluents of these industries 
have higher fluoride concentration than natural waters, 
ranging from ten to thousands of mg/L [8]. According 
to the World Health Organization guidelines (WHO), 
the fluoride concentration in drinking water should not 
exceed 1.5 mg/L [9]. According to the Environmental 
Protection Agency (EPA) the maximum contaminant 
level of fluoride ions in drinking water is 4.0 ppm 
[10-12]. Excess fluoride is toxic but limited fluoride is 

necessary for calcification of dental enamel and bone 
formation. Excess intake of fluoride would lead to 
various diseases such as osteoporosis, arthritis, brittle 
bones, cancer, infertility in women, male sterility, brain 
damage, Alzheimer’s syndrome, thyroid disorder and 
even death in severe cases [13,14]. About 40% of 
ingested fluoride is absorbed in the stomach as HF 
in aqueous solution. Prolonged and excessive intake 
of fluoride may result in serious health problems, 
fluorosis, which is characterized by mottling of teeth 
in mild cases and even the softening of bones and 
neurological damage in extreme cases [15]. It has 
been reported by several research groups that fluoride 
can interfere with DNA synthesis, carbohydrates, 
lipids, proteins, vitamins and mineral metabolism 
[16,17]. Besides, on short exposure, a high dose of 
fluoride affects kidney in both humans and animals 
[18]. Due to the toxic effects of fluoride on human 
health, tremendous research and development efforts 
are being put all over the developing countries for the 
removal of excess fluoride from drinking water. The 
removal of fluoride from aqueous solution is of prime 
concern. The methods for the removal of fluorides 
include chemical precipitation, ion exchange, 
membrane filtration, coagulation, electrochemical 
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treatments, and adsorption using activated carbon, 
carbon nanotubes, activated alumina and other 
natural and synthetic materials [19-24]. Most of these 
methods have high operational and maintenance 
costs, low fluoride removal capacities, lack of 
selectivity for fluoride, low selectivity in presence of 
other competing ions, generation of large volumes of 
sludge and complicated procedures in the treatment 
process. The widely used adsorption methods are 
activated carbon (AC), activated alumina and other 
synthetic materials. These techniques cannot work 
effectively due to the short service life of adsorbent, 
blockage problem, more cost, and sensitivity to the 
pH of the solution [25]. However, the adsorption 
method has been reported as one of the most 
effective, economical and eco-friendly of the various 
defluoridation techniques [26-30].

The biosorption process using biomass waste is an 
eco-friendly and easy method. It is the promising 
alternative adsorbent over the conventional adsorbents 
in the adsorption process. 

The improved selectivity and sorption capacities of 
low-cost adsorbents derived from waste bio-mass 
loaded with metal ions have drawn the attention of 
many researchers in this field. There is an increasing 
trend of using biomass-based fluoride adsorbents, 
very few studies show that raw biomass has the ability 
of the adsorption of fluorides. But raw biomass can 
show very low adsorption capacity as compared to 
the commercial anion exchangers. The adsorption 
capacities of fluoride by some raw biomass and 
various commercial adsorbents are shown in Table 1 
and Table 2 respectively. 

The low fluoride removal efficiency of raw biomass 
adsorbent compared to commercial adsorbents (as 
shown in Table 1 and Table 2) can be described due to 
the presence of negatively charged functional groups 
like amino, carboxyl, alcohols and esterson the 
surface of lignocellulosic materials of bio-mass, while 
positively charged functional group is limited[31-36]. 

Due to the lack of anion binding sites on the polymeric 
backbone, raw biomass-based adsorbents are found 
to be less effective in the removal of fluoride. In 
addition, the polymeric organic compounds (cellulose, 
lignocellulose and lignin) can leach into the aqueous 
solution so raw biomass-based adsorbent retards the 
adsorption capacity of fluoride anion. Thus, in order 
to increase the adsorption capacity of raw biomass, 
it is modified depending on the nature of pollutants, 
which is depicted in Table 3. The adsorption capacity 
of modified metal loaded adsorbents is found to be 
excellent due to its high binding sites, selectivity 
towards fluoride, large surface area and chemical 
stability.

     Adsorbents Adsorption capacity 

Qmax(mg/g) 

References 

Citrus limonium leaf 1.4 [37] 

Sweet lemon peel 0.744 [38] 

Citrus limetta peel 1.915 [39] 
Ultrafine Tea powder 1.26 [40] 
Sandalwood leaf powder 4.66 [41] 
Banana peel 8.15 [42] 
Neem leaf powder 4.70  [43] 
Tamarind fruit shell 1.53 [44] 
Pipal leaves 0.80 [45] 
Chitosan 1.39 [46] 
 

Adsorbents 

 

Modifying agent 

 

 Adsorption 

Capacity (mg/g ) 

References 

Seaweed(M - CSW) Zr(IV) – CSW 

La(III) – CSW 

18.05 

11.02 

[20] 

Tea powder UTP –Zr 12.43 [40] 

Orange waste gel Saponification by  

loading Zr (IV) 

22.8 [47] 

 Azollafiliculoides HCl 11.2  [50] 

Orange waste Conc. Sulphuric  

acid, Zr(IV)  

13.49  [51] 

Porous corn starch PS-Zr 25.41 [52] 

Rice husk Al(OH)3 Coated 14.82  [53] 

Rice straw KMnO4 Modified 15.77 [54] 

Cotton cellulose Iron loaded 18.43 [55] 

Orange waste La-SOJR 20.33 [56] 

Orange waste Sc – SOJR 11.4 [56] 

 

Table 1: The maximum Fluoride adsorption capacity 
of various raw adsorbents

Table 2: The maximum fluoride adsorption capacity of 
various commercial adsorbents

Table 3: The maximum fluoride adsorption capacity of 
various agricultural waste adsorbents

Adsorbents Adsorption Capacity 

(mg/g) 

References 

La – loaded 200CT resin 25.46 [46] 
Commercial READF resin 39.9 [47] 
READF-(PG) 41.04 [47] 

READF-(HG) 44.65  [47] 
Amberlite 200 CT 9.5 [47] 

Hydroxyapatite 28.57 [48] 

Hardened alumina cement (ALC) 34.36 [49] 
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Mechanism of fluoride adsorption

Bio waste consists of cellulose, hemicellulose, pectin, 
lignin, and polyoses. Pectin contains carboxyl groups 
as well as its methyl ester groups. The methyl ester 
portion of pectin can be converted into a carboxyl 
group by saponification reaction using Ca(OH)

2
 or 

NaOH. 

Thus, obtained saponified waste is further treated 
with rare earth metal ions. The carboxyl group and 
oxygen atom of the pyranose ring of pectic acid in the 
bio-waste form a stable five-membered chelate with 
the loaded metal ion. Due to hydroxyl ions as well as 
water molecules present in the coordination sphere of 
metal ions, it exhibits the ligand exchange mechanism 
with fluoride ions. Due to the steric hindrance of pectic 
acid, it is difficult to neutralize all the positive charges 
of the loaded metal ions with carboxyl groups. So, 
one or two positive charges of the loaded metal ion 
can be neutralized by carboxyl groups while other 
positive charges are neutralized by hydroxyl ions in 
the solution. The increase in the oxidation state of 
loaded metal ions increases the number of hydroxyl 
ions on the coordination spheres of the loaded metal 

ions that enhances the ligand exchange mechanism 
with fluoride ions. The equilibrium pH of the solution 
is found to be increased after the adsorption of fluoride 
indicating that hydroxyl ions are released during 
adsorption, which further supports the mechanism 
mentioned below [56].

Factors affecting adsorption

Effect of pH

The pH of an aqueous solution is an important 
parameter for the adsorption at a solution adsorbent 
interface. The adsorption of fluoride increases 
with increasing pH and it is in the pH range of 2-4, 
because of the presence of more protonated sites in 
the ion exchange with F-, then decreased with further 
increase in pH. The low adsorption at low pH (pH<2) 
may be due to the formation of weakly ionizable 
hydrofluoric acid (pK

a
 of HF = 3.2) or more than 95% 

of fluoride remains in the non-ionic form which is 
difficult to be adsorbed onto the anion exchange site 
of the adsorbent. The maximum fluoride adsorption 
was found to occur at pH 2-4. The decrease in fluoride 
adsorption at pH above 5 is due to the competition 

Figure 1: Adapted mechanism of saponification followed by metal ion loading

Figure 2: Adapted Mechanism on the adsorption and desorption of fluoride ion [56]

Journal of Nepal Chemical Society, December 2019, Vol. 40                                                             R. L. Aryal et al., 2019



        47  https://www.nepjol.info/index.php/JNCS

of hydroxide ions for the adsorption sites because 
hydroxide ion concentration increases with the rise of 
pH of the solution [20,56,57].

Effect of initial fluoride concentration and 
adsorbent dose

The fluoride adsorption was found to be affected 
by both the adsorbent dose and the initial fluoride 
concentration. It was found that for a fixed fluoride 
concentration, the percentage of adsorption gradually 
increases with increasing adsorbent dose from 
1.0mg/g to 5.0mg/g at 303 K. It might be due to 
the increased surface area and availability of more 
adsorption sites for fluoride adsorption. But for a 
constant dose, total available adsorption sites were 
limited so due to limited available adsorption sites, 
at higher concentrations of fluoride solution, there 
would be extreme competition among fluoride ions 
for the adsorption sites resulting in the decrease 
or constancy in adsorption [41]. Dehghani et al. 
[57] studied that fluoride adsorption increases with 
increasing adsorbent dose due to a greater extent of 
adsorption sites and more surface area. 

Effect of contact time and kinetic study

The contact time of fluoride and adsorbent during 
adsorption is important in determining the kinetics 
of the process. The adsorption of fluoride depends on 
the contact time of the adsorbent and solution. Rapid 
uptake of fluoride and establishment of equilibrium 
in a short period of time denotes the efficiency of 
the adsorbents. In physical adsorption, most of the 
fluoride is adsorbed within a short interval of contact 
time. However, strong chemical bonding of the 
fluoride with adsorbents needs a longer contact time to 
reach equilibrium. In the beginning, the adsorption of 
fluoride increases rapidly with an increase in contact 
time then slows down and reaches equilibrium [57]. 
Khound et al. [41] studied the adsorption of fluoride 
with Sandalwood leaf powder (SLP) and the amount 
of adsorption increased with time upto 120 min. The 
rapid removal of fluoride at initial stages might be due 
to the vacant adsorption sites and it can adsorb more 
fluoride ions from the solution. The time-dependent 
adsorption data have been analyzed using three kinetic 
models, pseudo-first-order, pseudo-second-order and 
intraparticle diffusion model.

Adsorption isotherms

The adsorption isotherm determines how the fluoride 

molecules distribute between the liquid and solid 
phase during the adsorption process at an equilibrium 
state. Adsorption isotherm provides information 
about the effectiveness of the biomass for the removal 
of fluoride from contaminated water. The adsorption 
data were analyzed using Langmuir, Freundlich, 
Temkin, Redlich-Peterson and Sips isotherm [58]. Cai 
et al. [40] studied the Zr-loaded tea powder which is 
best fitted with the Langmuir isotherm model based on 
monolayer adsorption of adsorbate onto the adsorbent 
surface with the limited number of binding sites. Abu 
Bakar et al. [58] studied modified Palm Kernel Shell 
which is fitted with Freundlich, Redlich-Peterson and 
Sips isotherm.

Thermodynamic study

The thermodynamic feasibility and the spontaneity 
can be predicted by observing the effect of change of 
temperature upon the adsorption process and hence 
evaluating thermodynamic parameters; Gibb’s free 
energy of adsorption (∆G0), enthalpy of adsorption 
(∆H0) & entropy of adsorption (∆S0). An adsorption 
process is generally considered as physical if ∆H0˂ 
84 KJ/mol and the chemical if ∆H0 lies between 84 – 
420 kJ/mol [59]. With the rise in temperature, fluoride 
adsorption increases if adsorption is endothermic and 
decreases for the exothermic process.

Effect of co-existing anions

Various anions in the solution can interfere with 
fluoride removal in the adsorption process. The 
percentage of fluoride removal decreases in the 
presence of PO4- -, SO4- -, NO3- and Cl- anions. The 
uptake capacity depends on ionic radii. Ionic radii 
of fluoride, chloride and nitrate ions are 0.133, 0.181 
and 0.179 nm which is quite similar. The ionic radii 
and surface charge densities of phosphate (0.238 
nm) and sulphate (0.230 nm) anions are larger than 
of fluoride ions and interfere with the adsorption of 
fluoride at the active site. Sometimes, the addition of 
competitor anions in water causes an increase in pH. 
This increases in pH value results in the decrease of 
fluoride adsorption [57].

Conclusion

This review has attempted to cover a wide range of 
adsorbents and treatment techniques which have 
been used for the removal of fluoride from aqueous 
solution. The capacity of treatment techniques and 
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their merits and limitations were highlighted. In 
addition to this, different types of adsorbent and their 
adsorption capacities were presented. It showed that 
chemically modified metal loaded biomass for the 
removal of pollutants has attracted the attention of 
more researchers. Chemically modified adsorbents 
enhance the adsorption capacity of fluoride due to a 
higher number of active binding sites, selective metal 
ion adsorption, rapid adsorption kinetics, improve 
structural stability and ion exchange capacity. These 
adsorbents were found to be efficient for fluoride 
removal, not only from the industries but also from the 
living organisms and the surrounding environment. 
The use of biomass adsorbents may contribute to the 
sustainability of the environment and water resources. 
Undoubtedly, biomass adsorbents provide a lot of 
promising benefits for commercial purposes in the 
future. More studies should be carried out for low-
cost adsorption processes to enhance large scale use 
of biomass adsorbents. Low-cost adsorbents should 
be used to minimize cost and maximize heavy metal 
removal efficiency.
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Introduction

In recent years, the development of electrospinning 
techniques has been increasingly investigated [1]. 
Electrospinning is considered as a simple and easy 
technique to fabricate the ultrafine continuous 
nanofibers morphology. Pure polymers, as well as 
the blending of a given polymer with other polymers/
oligomers, have been successfully electrospun into 
micro/ nanofiber matrices for various applications 
[2,3]. The fibers produced by this method have shown 
amazing characteristics, such as a very large surface-
to-volume ratio and a high porosity with a small pore 
size [4,5]. These characteristics make the electrospun 
fibers suitable for various potential applications such 
as filtration, protective clothing, tissue scaffold, 
wound dressing, drug delivery system, sensor, and 
optical materials [1,6-8].

The hybrid mats produced by electrospinning possess 

unique physical and chemical properties and therefore, 
research interest in the formation of polymer hybrid 
mats has been increased in the past decades. Despite 
the ease of nanofiber fabrication, it is yet challenging 
to fabricate electrospun nanofibers with a diameter 
of less than 10 nm. After the successful preparation 
of nano-net like fibers via electrospinning process 
by Ding’s group [9], benefits from the nano/sub-
nano fibers have been realized and several research 
activities have been directed towards the development 
of nano-net like structures for various applications 
[2,5,6,10]. An important property of a polymer blend 
is the miscibility of its components because it affects 
the mechanical properties, the morphology, and the 
permeability and degradation [2]. Consequently, 
in this study, we report the preparation of a hybrid 
spider-web like a mat of polymer and oligomer using 
a simple electrospinning technique with the diameter 
of fibers ranging from nanometer to sub-nanometer 
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Abstract

Membrane development encompasses wide range of technology areas including process and product design, 
materials engineering, chemical engineering, as well as interaction phenomenon. Advances in membrane 
technology can solve most of the global concerns related to water, air, energy, healthcare and global warming. 
In this study, a simple electrospinning technique was applied to prepare composite nanofibers from Nylon-6 
and polyethylene oxide (PEO) blend solutions. The effect of PEO on the morphology of the fiber was 
investigated. It was observed that the addition of PEO in the Nylon-6 solution resulted in the formation of 
ultrafine nanofibers along with the main fiber, which can be considered as a spider-net-like morphology. The 
nano/sub-nano arrangement of the fiber resembling a three-dimensional (3D) spider-net structure enhances the 
mechanical strength of the resulting nanofibers as compared to the pristine Nylon-6 nanofibers.
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scale. Nylon-6 is a biodegradable semi-crystalline 
polymeric material with good thermal, chemical, 
and mechanical properties [3,11]. Electrospinning 
of the blend solution of Nylon-6 and polyethylene 
oxide (PEO) may exhibit properties shown by both 
individual polymers and oligomer, thereby resulting 
in a material with improved properties. The choice of 
PEO is motivated by its wide variety of applications 
such as biomaterials including scaffolds, drug 
delivery [1], tissue engineering [12], wound healing, 
and conductive fibers.

Materials and Methods

Nylon-6 (medium molecular weight of KN 120 grade) 
was obtained from  Kolon, Korea. Formic acid and 
acetic acid were purchased from Showa, Chemicals, 
Japan. Poly (ethylene oxide) oligomer was obtained 
from Sigma-Aldrich, USA. All the chemicals were 
used without any purification.

Nylon-6/PEO blend solutions were prepared by 
mixing at different content of PEO (0.5%, 1%, 2%, 
and 4% PEO with respect to the weight of Nylon-6) 
in Nylon-6 at 20% final concentration. Formic acid 
and acetic acid (4:1) were used as the solvent. After 
stirring continuously to get a perfect blended solution, 
electrospinning was carried out. A high voltage power 
supply (CPS-60 K02 V1, Chungpa EMT, South 
Korea) of 22 kV to the syringe micro-tip was supplied 
to electrospun the nanofibers. The tip-to-collector 
distance was kept at 16 cm. The as-obtained nylon-6/
PEO nanofiber mats were vacuum dried in an oven 
at 30 oC for 12 h to remove the residual solvent and 
the samples were used for characterizations. The 
nanofiber mats containing 0.5, 1, 2, and 4% PEO 
in Nylon-6 were denoted as NP0.5, NP1, NP2, and 
NP4, respectively. For comparison, pristine Nylon-6 
nanofiber mat without using PEO is also prepared by 
the aforementioned process.

Characterizations

The morphology of the electrospun mats was 
investigated using FE-SEM (S-4700, Hitachi, Japan). 
Structural characterization was carried out by X-ray 
diffractometer (XRD, Rigaku, Japan) with Cu Kα (λ = 
1.540 Å) radiation over Bragg angles ranging from 10 
to 80˚. The bonding configurations of the samples were 
characterized by means of Fourier-transform infrared 
(FT-IR). Mechanical properties were measured with 
a  universal testing machine (AG-5000G, Shimadzu, 

Japan), under a crosshead speed of 10 mm/min. The 
samples were prepared in the form of a standard 
dumbbell-shaped according to ASTM Standard 638 
via die-cutting from the mat and tested in the machine 
direction. Five samples were tested for each mat. 

Results and Discussion

Figure 1 depicts the FE-SEM images of the as-
synthesized pristine Nylon-6 NFs and Nylon-6/
PEO composite NFs.  As in figure 1A, the pristine 
Nylon-6 nanofibers exhibited a smooth, bead free, 
and continuous nanofibrous morphology throughout 
their lengths. The average diameter of the pristine 
Nylon-6 NFs was recorded as 213 nm. In the case of 
composite nanofibers, a clear arrangement of spider-
web-like  morphology due to the ultrafine nanofiber 
network was observed. It can be seen that the ultrafine 
nanofibers are connected to the main fiber. This type 
of spider-net-like arrangement of nanofibers provides 
a large surface area to volume ratio, thereby widening 
the applications of nanofibers. The average diameters 
of ultrafine in Mats NP0.5, NP1, NP2, and NP4 were 
found to be 21, 28, 32, 40 nm, respectively. 

Figure 1: High magnification FESEM images of nanofibers: 
Nylon-6 (A), NP0.5 (B), NP1 (C), NP2 (D) and NP4 (E).
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Besides the variation in diameter, the arrangement 
of ultrafine nanofibers in the mats is different. The 
nanofibers in mat N2 show a three dimensional 
(3D) arrangement with multiple layers connecting 
to the main fiber body. At the lower content of PEO, 
the ultrafine nanofibers start to form, therefore they 
are distributed to the limited area (Figure 1B). With 
the increase in PEO content, a clear distribution of 
ultrafine fibers were observed; however, the pattern 
of arrangement is different. Among the four different 
samples, the best arrangement of spider-net fibers was 
observed in the NP2 sample (Figure 1C). Therefore, 
it can be concluded that 1% is the optimum content 
of PEO in the Nylon-6 solution for getting the nano/
sub-nano fibrous arrangement. The partial phase 
separation of homogeneously mixed higher molecular 
nylon and lower molecular PEO portion should be 
started from the stable jet region, and becomes more 
pronounced during vibrating and whipping of the jet 
during electrospinning [13]. During jet whipping, 
PEO forms a surface layer whereas nylon forms the 
core of the jet. From the surface PEO layer, sub-nano 
fibers (fiber diameter < 50nm) are formed whereas 
from core nylon, nanofibers (fiber diameter>200nm) 
are formed.

  Figure 2: XRD spectra of different formulations.

XRD analysis was carried out in order to examine 
the crystal structure of the prepared samples. 
Nylon-6 nanofiber exhibited a characteristic peak at 
approximately 2θ values of  20.5 °, which can be termed 
as α crystalline phase [13]. After blending with PEO, 
the diffraction peak was observed at approximately 

2θ values of 21.2°. This shifting towards the higher 
values of 2θ° indicated a conversion from α to γ phase 
[13]. 

Figure 3: IR spectra of Nylon-6 and Nylon-6/PEO 
composite nanofibers.

Figure 3 depicts the characteristic FTIR peaks of 
pristine nylon-6 and nylon-6/PEO blend nanofiber 
composites. In pristine Nylon-6 nanofibers, the bands 
appeared at 3300 and 3085 cm-1 correspond to the 
NH stretching vibrations [14]. The peaks at 2860 and 
2930 cm-1 belong to the C-H stretching vibrations. 
The bands at 1640 and 1445 cm-1 are associated with 
(C=O) amide I and (C-N) amide II, respectively 
[14,15]. These bands were observed to be decreased 

Figure 4: Stress-strain curves of various formulations of 
nanofiber mats.
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in the case of composite nanofibers, which may be 
due to the hydrogen bonding with PEO. We studied 
the mechanical properties of the as-synthesized mats 
by the UTM machine. The study revealed that at the 
lower content of PEO, the mechanical property of the 
Nylon-6 is increased, whereas with further increasing 
PEO content, the mechanical strength decreased. The 
highest mechanical performance  in the case of the NP1 
sample is attributed to the well-formed 3D spider-net 
like morphology. As compared to the other samples, 
the sub-nano fibers are highly interconnected with 
the main fibers in NP1.  The FESEM morphologies 
(Figure 1) also support the mechanical strength data.

Conclusion

Nylon-6 and PEO polymers are properly blended 
with each other to produce composite bimodal 
electrospun nanofibrous membranes. 3D spider-net 
morphology of Nylon-6/PEO composite nanofibers 
was successfully prepared by the electrospinning 
technique. The interconnected fibrous morphology 
improved the mechanical property of the hybrid 
fibers. Thus prepared high aspect ratio Nylon-6/PEO 
composite nanofibers can be used in different fields 
such as filtration, wound healing, etc.
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Introduction 

The plastic we used in our daily life is easy to use, 
inexpensive, flexible as well as durable. But they 
are chemically synthesized from petrochemical 
industries and produced with huge toxic additives. 
They are non-renewable, non-degradable and lack 
of infrastructure [1,2]. Being non-degradable they 
cause white pollution and reduce the resources. The 
preparation of biodegradable plastic is a wise thought 
to overcome these problems, which can be prepared 
from agricultural products [3]. 

Solanum tuberosum is the third major source of starch 
[4]. It is naturally occurring agricultural residue and 
renewable which can be used to produce degradable 
plastic [5]. Pure starch has low water resistibility, 
processability, thermal stability, and strength. To 
overcome these fallacies starch is often blended with 
other degradable polymers such as polylactic acid 
(PLA), poly--caprolactone (PCL), polyvinyl alcohol 
(PVA) [2,3,6]. PVA is semicrystalline, non-toxic, 
water-soluble, having excellent optical and physical 
properties [7]. The blend of PVA and starch still 

lacks some mechanical and thermal properties [2]. 
So, glycerol and citric acid (CA) can be used as a 
plasticizer and crosslinking agent respectively [8,9]. 

Several kinds of research have been conducted on the 
biodegradation of starch, PVA and starch –blends. 
Starch can be readily metabolized by a range of 
microorganisms to fermentation products such as 
ethanol [10,11], hydrogen [12,13] and methane [14]. 
PVA is also susceptible to biological degradation, 
however, the process was slow [15]. Furthermore, the 
overall number of PVA degrading microorganisms 
was rather limited in comparison to the widespread 
species able to degrade aliphatic polyesters, such as 
polyhydroxyalkanoate (PHA) and PLA [16]. 

Chen et al., observed that the rates of biodegradation 
in starch–PVA cast films were degraded much faster 
than pure PVA [17]. Mao et al. in his work reported 
that the addition of PVA slowed the degradation 
process in the samples [9]. Russo et al. investigated 
the degradability of thermoplastic starch and PVA 
blends under anaerobic conditions and concluded 
that predominantly PVA remained at the end and that 
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Abstract

Starch is a renewable, biodegradable and low-cost natural biopolymer with high availability. Starch was 
extracted from Solanum tuberosum (potatoes) and its preliminary properties were studied. The structure of 
extracted starch was characterized by Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron 
Microscopy (SEM). A series of starch-based biodegradable blends, with polyvinyl alcohol (PVA) were prepared 
by using glycerol as a plasticizer and citric acid as a crosslinking agent, through solution casting method and 
their biodegradable properties were studied. The structure of the blend was characterized by Fourier Transform 
Infrared Spectroscopy (FTIR) and Differential Scanning Calorimeter (DSC). The morphology of starch shows 
the potato starch has oval or ellipsoid in the structure having a size of 20-35 µm. The compatibility of the two 
components can be improved by the hydroxyl group present on both starch and PVA. As compared to pure 
polyvinyl, the melting point of the blend was decreased. The blends were found degradable within a weak.
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starch was almost entirely degraded [18]. Chai et al. 
evaluated the biodegradability of modified starch–
PVA blends with bio-reactivity kinetic models. And 
conclude, the degradability of PVA was enhanced 
with the addition of the starch [19]. Cinelli et al. 
characterized the biodegradability with or without a 
cross-linking agent of PVA, starch, and lignocellulosic 
films. Results were in favor of biodegradation [20]. 

Tang; Zou et al.  done their studied the biodegradability 
of nano-SiO

2
 reinforced starch/PVA nanocomposite 

films. Results showed that nanoparticles had no 
significant influence on the biodegradability of films 
[21]. Popescu et al. researched the degradation of 
clay–starch–PVA nanocomposite films and concluded 
that the biodegradation of films depended on both type 
and content of nanoparticles and the nanoparticles 
hindered the rate of biodegradation [22].

Starch–PVA films can be chosen for the biomedical 
and clinical field (such as drug control release 
carrier and biomembrane) [23], while chemically 
bonded composites can be taken as recyclable sizing 
agents [24]. PVA/starch has been considered for 
the replacement of polystyrene foams for expanded 
foams as loose-fill packaging materials. 

According to Vilpoux and Avérous, the commercial 
alternative to polystyrene (PS) is a blend with 95% 
of hydroxyl propylated high amylose starch and 
5% of PVA [25]. PVA/starch blends are sensitive to 
moisture but they are good in providing barriers to 
oxygen and carbon dioxide. So they can act as flavor 
and aroma barriers, having good resistance to most 
organic compounds and solvents can be used in food 
technology [2]. Although there are several kinds of 
research have done on fabrication and characterization 
of PVA/starch film with the mechanical test, still 
there is a lack of research on thermal properties and 
complete biodegradation. Hence this work is a step 
further to study thermal behavior and biodegradation 
of PVA/starch blends. 

Materials and Methods 

Materials 

Solanum tuberosum were collected from National 
Potato Research Project (NPRP), Khumaltar, Lalitpur 
in the month of June 2018, they were cultivated in 
Parwanipur, Bara district and harvested in March 
and stored in cold store of NPRP, Lalitpur. Polyvinyl 

alcohol, glycerol, citric acid were brought from 
Thermo Fisher Scientific India Pvt. Ltd. (India). The 
water used in the whole thesis work was de-ionized 
water brought from the local shop of Kathmandu.

Extraction of starch from Solanum tuberosum

The process of extraction of starch from Solanum 

tuberosum was done according to Singh and Singh 
[26]. The tubers of Solanum tuberosum was cleaned 
properly, peeled off and cut into small pieces and 
were dipped in water containing a small amount of 
potassium metabisulfite (K

2
S

2
O

5
). Then grinned and 

filtered, the residue was washed with distilled water 
and left for decantation. After complete decantation, 
the starch cake was collected and dried at a temperature 
of 40 0C in a hot-air cabinet drier.

Preparation of PVA/starch blends

The fabrication of starch with PVA was done by 
following the protocol mentioned by Shi et al. via 

the solution casting process [23]. The solution was 
prepared by dissolving the PVA, starch, and glycerol 
in hot water at 95 0C to form a homogeneous gel-
like solution then citric acid was added into the 
mixture with a mechanical stirrer for 10 minutes at 
30 0C. Bubbles were removed with an aspirator. The 
prepared solution was poured on a pre-warmed glass 
Petri-plate and evaporated from the molds at 25 0C for 
one week. The dried films were sealed in polyethylene 
bags and were stored at 20 0C to characterize them.

Characterization

Characterization of extracted starch

Moisture content

The determination of moisture content of starch 
follows the AOAC process [27]. The crucible and 
lid were dried in the oven at 105 0C for 3 hours and 
transferred to desiccator to cool. Weighed it out. 
Weighed 3 g starch sample was spread uniformly in 
the crucible. Then the crucible was placed in an oven 
for 3 hours at 105 0C. After that, it was transferred 
to desiccator with the partially covered lid to cool. 
Reweighted the dish and starch sample. For this, three 
concurrent data was taken and the mean value was 
found then moisture content was calculated by the 
following equation (i).
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Where, W
1
 = weight of sample before drying in gram.

             W
2
  = weight of sample after drying in gram.

Ash content

To determine the ash content of the starch AOAC 
method was followed [27]. The crucible and lid 
were placed in the furnace at 550 0C overnight. The 
crucible was cooled in a desiccator for 20 minutes. 
The crucible and lid were weighed to decimal places. 
The starch sample was weighed and put into the 
crucible. The crucible was heated over low Bunsen 
flame with half covered. When flames were no longer 
produced, crucible with lid was placed in the furnace. 
It was heated at 550 0C overnight. During heating, the 
crucible was not covered by a lid. The lid was placed 
on crucible after complete heating, to prevent loss of 
fluffy ash. Then it was placed in desiccator to cool 
down. The ash with crucible and lid was weighed.  
And the ash content was calculated by the following 
equation (ii).

Amylose content 

A starch sample of 0.10 g was weighed into 100 cm3 
volumetric flask and 1 cm3 of 99% ethanol and 9 
cm3 of 1 M sodium hydroxide (NaOH) solution were 
carefully added. The contents were mixed thoroughly 
and the sample solution was heated for 10 mins in 
boiling water to gelatinize the starch. After cooling 
the solution was made up to the mark with distilled 
water and shaken thoroughly. 5 cm3 of starch solution 
in a 100 cm3 volumetric flask was treated with 1.0 cm3 
of 1M acetic acid and 2.0 cm3 of iodine solution. The 
solution was diluted to the mark with distilled water 
and absorption was read using a spectrophotometer 
at 620 nm. The absorbance of a blank solution 
prepared accordingly was subtracted from that of the 
sample and amylose and amylopectin contents were 
calculated using equations (iii) respectively. 

Amylose content (%) = 3.06 × absorbance ×20%….. (iii)

Fourier transform infrared (FTIR) spectroscopy 

The FTIR analysis for starch samples was done 
in the Nepal Academy of Science and Technology 

(NAST), Khumaltar, Lalitpur by using SHIMADZU 
spectrophotometer (IR Prestige-21) Nepal. The 
spectra were obtained at a resolution range of 400 
cm-1 to 4000 cm-1.

Scanning electron micrograph (SEM)

For surface morphology, starch samples were 
dehydrated in 99.8% ethanol and sprinkled on 
carbon tape mounted on an aluminum stub. Then 
they were coated with a thin gold film using a sputter 
coater and observed in a FEGSEMMAIA3 (model 
2016) microscope (Tescan, Czech Republic) at an 
accelerating potential of 2 kV.

Characterization of PVA/starch blends

Fourier transform infrared (FTIR) 

spectroscopy  

FTIR analysis for PVA/starch blends was done by 
IRTracer-100, SHIMADZU in the Central Department 
of Chemistry, Tribhuvan University, Kritipur, 
Kathmandu, Nepal.  The sample was prepared by 
mixing the fine powder with KBr and pressing. The 
spectra were obtained at a resolution range of 400 
cm-1 to 4000 cm-1.

Differential scanning calorimeter (DSC)

Differential scanning calorimetry thermograms were 
recorded by NETZSCH DSC 204 F1 phoenix (India) 
instrument. Sample pieces of about 10 g  were placed 
in an aluminum pan and were first cooled to room 
temperature and held there for 5 min. After that, a 
heating scan was conducted from 25 0C to 250 0C at a 
heating rate 10 K/min.

Biodegradation test of PVA/starch blends

Here the process of Azahari et al. was performed 
for the process of biodegradation test of PVA/starch 
blends [28]. The biodegradation test was performed 
under compost burial conditions. One vase of the 
approximate capacity of 5 L was filled with cow’s 
dung compost. The composites were cut into 2 cm × 
2 cm in square shape and each sample was enclosed 
in tea bags individually and made. The samples were 
buried in the compost at a depth of 10 cm and the 
moisture of the compost was maintained by sprinkling 
water at regular intervals of time.

The degradation of the samples was determined at 
regular intervals of 7 days by carefully removing the 
sample from the compost and washing it gently with 

Moisture (%) =
( W1 - W2 )

W1
100 % -----------------------(i)×

Ash (%) =
weight of ash

weight of sample
100 % -----------------------(ii)×
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ethanol to remove the trace of compost from the film 
and dried in an oven at 60 0C for 4 hours and weight of 
the samples were taken on a digital balance.

Results and Discussion

Yield of starch

The yield of starch from the tuber of Solanum 

tuberosum was calculated using the standard equation, 
on the basis of the mass of raw Solanum tuberosum 
sample of starting material. Using raw Solanum 

tuberosum sample as reference the yield of starch was 
found to be 3.82 % in Khumal Rato (KR).

The yield of starch was found affected by various 
artificial factors including wet storage [29], genetic 
variation [30,31], the drying conditions of the raw 
materials (oven-dried chips and flour have higher 
yield than sun-dried ones) [32], harvesting time and 
root storage (root storage decreased starch content) 
[33,34], the form of the roots used for extraction 
(fresh root gave better extraction efficiency and purer 
starch than dried chips and pellets) [35], and the 
environmental conditions for growing the crop (e.g., 
two growth locations gave significant difference in the 
starch yield of the same variety) [30]. Thus for high 
starch yield, varieties with high dry matter content 
and thin peel thickness are suitable [36]. All these 
factors can be controlled, and careful selection of the 
parameters would lead to a maximum of starch yield. 
It should be noted that high yield does not necessarily 
mean the starch would have the desired quality for 
any specific application. 

The moisture content of extracted starch from Khumal 
Rato and commercial starch is represented in Figure 
1. 

The result showed that the moisture content of  Khumal 
Rato was 10.65% and commercial starch was 10.84%. 
The relatively low moisture content of the starches 
makes them easy to store at room temperature and 
less prone to colonization by organism degradation 
as shown for root, tuber and cereal starches [37,38] 
making them suitable for utilization in industries like 
the filler in biodegradable plastic and pharmaceutical 
industry that make use of low moisture content. The 
range of moisture contents in these starches varied 
from 7.54 to 9.37%. Tapioca starch showed slightly 
lower moisture content (7.54%) than corn starch 
(7.74%) and similar to the results of on mango starch 
[39]. Potato starch had a significantly higher moisture 
level (9.37%) than other starches.

Ash content of extracted starch and commercial starch 
is shown in Figure 2. From the graph, the ash content 
of the starch from the Khumal Rato was 0.7% and 
commercial starch was 0.8. However, the ash content 
of the potato was significantly higher than 0.20 to 
0.22% for Oat starches [40]. The ash content is an 
estimate of the total mineral content of the starch. 
The low ash content is an indication of the good 
quality of the starches, because high mineral content 
is sometimes used to retard the growth of certain 
microorganisms [36].

Figure 2: Ash content of extracted starch and commercial 
starch. 

The amylose content of starch determines its properties 
(such as water-binding capacity, thickening, gelling, 
etc.) and as a result dictates most of its uses. The 
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Figure 1: Moisture content of extracted starch and 
commercial starch.
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results obtained showed significant variations. The 
amylose contents (in terms of amylose equivalent)  for 
extracted starches from Khumal Rato was found to be 
23.26%, higher than values reported for mango [39] 
and corn starches 16.9–25.3 % [41] and also higher 
than that of oat [40] and of tapioca (16.27%). These 
values were slightly higher than those reported by 
Glicksman and Rapaille and Vanhemelrijck for potato 
(22%) starch, but comparable to that for corn (26%) 
and tapioca (17%) starches. Thus, the starch could be 
applied in industries that produce, fillers, thickeners, 
binders, etc.[42].

Xia et al., reported that the structure of amylose is 
sensitive to physical and chemical treatments. When 
slight applied of heat change the amount of content. 

The FTIR spectra of extracted starch and commercial 
starch are presented in Figure 3, whereas the 
interpretation of each peak is given in Table 1.

As shown in the graph, the presence of an absorption 
band at around 3600-3300 cm-1 for both starch is due 
to the vibration of the hydroxyl groups (-OH). The 
band at 2927 cm-1 is the characteristic peak of the C-H 
stretching vibration of the amylase and amylopectin, 
present in starch. The peak occurred for extracted 
starch at 1645 cm-1 is due to the tightly bound water 
molecules. The changes in the crystallinity of the 
starch are reflected around this band. The band at 
1157 cm-1 of extracted starch and commercial starch 
is assigned as a complex mode involving the CH

2
OH 

side chain in amylase. 

In addition, the characteristic C-O-C ring vibration on 
starch leads to an absorbance peak at around 700-900 
cm-1. The C-O bending associated with the OH group 
would cause an absorbance peak at around 1648 cm-

1. Furthermore, the absorbance peak at 1419 cm-1 
implied the presence of C-H symmetrical scissoring 
of CH

2
OH moiety. The uncommon CO

2
 peak in starch 

(2358 cm-1) was observed in the potato starch IR 
spectrum. It might result from measuring conditions 
[43].

SEM is used to investigate the granule morphology 
of the potato starch. The morphology of starch was 
shown in Figures 4 and 5. 

The starch image has 20 and 50 resolutions. The 
image revealed that the potato starch granules exits in 
smooth granule form have oval and ellipsoid shapes 
with sizes ranging from 5 to 35 µm in width and 15 to 
60 µm in height.

Figure 3:  FTIR spectra of extracted starch and commercial 
starch.

Table 1:  Band assignment of potato starch.

S. No. 

 

Functional group Wave number 

cm-1 

Potato starch 

cm-1 

1 O-H stretching 3600 – 3300 3569-3170 

2 C-H stretching 2931 2931 

3 C-O bending associated with 

OH group 

1637 1645 

4 CH2 symmetric deformation 1458 1437 

5 CH2 symmetric scissoring 1415 1419 

6 C-H symmetric bending 1385-1375 1381 

7 C-O-C asymmetric stretching 1149 1157 

8 C-O stretching 1200-800 993 

9 C-O-C ring vibration of 

carbohydrate 

920,856; 758 929, 858,763 

Figure 4:  SEM image of potato starch having 20 µm 
resolution.
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Wang reported in his work, the sizes of small and 
large granules ranged from 0.4 to 3µm and from 6 
to 40 µm in maize starch, from 0.6 µm and from 10 
to100 µm in potato starch, and from 0.6 to 6µm and 
from 10 to 70 µm in pea starch, respectively. Fannon 
et al. mentioned that SEM has been used to relate 
granule morphology to starch genotype. Svegmark 
and Hermanson reported that the variation in size and 
shape of starch granules is due to the biological origin. 
Singh and Singh claimed that the morphology of 
granules depends on the biochemistry of chloroplast 
or amyloplast and physiology of plants [44].

Characterization of PVA/starch blends

The fabricated starch/PVA blends were transparent, 
flexible, are characterized via FTIR, DSC and 
biodegradation test.

The FTIR spectra of PVA/starch blends with different 
content of PVA shown in Figure 6 and band assignment 
is shown in Table 2. 

Broad and strong absorption band from 3200-3600 
cm-1 is the cause of the stretching vibration of -OH 
present in starch. The absorption band 2931 cm-1 is 
due to an aliphatic saturated C-H stretching vibration 
of starch. 

Another absorption band at 1640 cm-1 is because of 
the stretching vibration of C=O and at 1651cm-1 is 
due to the bending mode of the absorbed water and 
some contribution from the carboxylate group. The 
vibration of the CH

2
 group produces an absorption 

band at 1409 cm-1. Due to the cause of C-O stretching 
an absorption band at 1035 cm-1 was produced.

Blout et al., reported that a peak at 2361 cm-1 is due to 
atmospheric carbon dioxide. Peaks due to water in the 
films occur at 1652 cm-1 and around 3240 cm-1. The 
later peak overlaps the peak due to the -OH stretching 
of hydroxyl groups. 

Another research by Finch et al., mention that peaks 
at 2912, 1324 and 843 and 1084 cm-1 are attributed to 
the C–H stretching, C–H bending and C–O stretching 
of PVA, respectively. The broad high absorption 
peak at 3237 cm-1 is assumed to arise from the -OH 
stretching frequencies of PVA and water hydroxyl 
groups. The band at 1708 cm-1 was attributed to the 
carbonyl functional groups due to residual acetate 
groups remaining after the manufacture of PVA from 
hydrolysis of polyvinyl acetate or oxidation during 
manufacturing and processing [44].

Table 2: Characteristics FTIR bands starch/PVA blend.

S.N. Functional group 

[3,8] 

Wave number (cm
-

1
) [3,8] 

Blends 

1 -OH stretching 3600-3200 3285 

2 C-H 3000-2850 2931 

5 C-C 1636 1640 

6 CH2 1461-1417 1409 

8 C-O 1141-1093 1035 

9  C-O-H 669 652 

 

Figure 5:  SEM image of the potato starch powder having 
50 µm resolution.

Figure  6:  FTIR spectra of commercial starch and PVA/
starch blends
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Differential Scanning Calorimeter (DSC) provides 
information about thermal changes that do not involve 
a change in sample mass change in sample mass. Now 
it is a more commonly used technique than TGA. The 
results of the thermal behavior of PVA and starch with 
glycerol and citric acid, was shown in Figure 7. From 
the DSC curve, the melting point (T

m
) of PVA blend 

without starch was found 198 0C, and the melting 
point for PVA/S 5%, PVA/S 20%, PVA/S 40% were 
found 141 0C , 137 0C and 131 0C  respectively.

Figure 7: DSC curve of PVA/starch blends with glycerol 

and citric acid.

The observed T
m
 is lower than that of reported one 

which is 230 0C  for pure PVA. This is because the 
PVA film had already contained some water as the 
plasticizer. When glycerol was added, the T

m
 decreased. 

The reduction in T
m
 was attributed to the reduction in 

the cohesive forces of attraction between the polymer 
chains. The plasticizer molecules penetrated the 
polymer matrix because they were smaller than the 
polymer molecule. As a result, polar attractive forces 
were established between the plasticizer and chain 
segments, which were responsible for the reduction 
of the cohesive forces and, therefore, a reduction of 
T

m
. Shi et al. and Shreedhar et al. also reported the 

decreased of T
m
 in their work [23].

The biodegradation result showed that the buried 
blends were found completely degraded after taken 
out from the vase. So the calculation of weight loss 
couldn’t perform. There is the various possible reason 
behind the degradation. Lucas et al. mentioned that 
in the process of biodegradation, the resistance and 
durability of polymeric materials are made weak by 

the action of microorganisms or/and environmental 
abiotic factors. Another suitable possible reason was 
given by Bonhomme et al. and Leja et al. according 
to them, the growth of microorganisms adhering to 
the polymer surface can provoke the formation of 
cracks, increase the size of pores and others defects, 
that may lead to the disintegration of a material into 
small fragments [45].

Conclusion

Starch was successfully extracted from locally 
cultivated tubers’ potatoes (Solanum tuberosum). It 
is white, an amorphous in nature, tasteless, odorless, 
insoluble in cold water, alcohol, and ether. The 
preliminary results indicate the quality of extracted 
starch is good and they are as reliable as commercial 
starch. The FTIR peak at 2919 cm-1 indicates the 
presence of amylose and amylopectin. Morphology 
of starch shows, smooth granule, oval and ellipsoid in 
shape of 5-35 µm in size.

The film of starch and PVA was successfully fabricated 
by solution casting methods with the use of glycerol 
as a plasticizer and citric acid as the crosslinking 
agent. The fabricated blends were transparent, flexible 
and smooth. The blend was physically bonded. The 
plasticizer and crosslinking agent help blend to 
increase flexibility. The physically bonded blend is 
easily affected by moisture, temperature and air. -OH 
groups on starch and PVA formed hydrogen bonding 
interactions, which could improve the compatibility of 
the two components. As compared to pure polyvinyl, 
the melting point of the blend was decreased and the 
blend was found degradable in nature.
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Introduction

The project work was carried out with an objective to 
extract silica nanoparticles from rice husk ash (RHA), 
the silica content in  rice husk ash and to prepare 
composite using extracted silica nanoparticles to 
find out whether  nanoparticles affect in mechanical 
properties of composite or not. Nanoparticles are 
nanomaterials having all three dimensions in the range 
of 1-100 nm [3]. All nanoparticles are nanomaterials 
but not all nanomaterials are nanoparticles. 
Nanomaterials are materials having at least one of 
their dimensions in the range of 1-100 nm. This range 
is called nanoscale. 

Rice is the second most widely consumed food item 
globally, with rice paddy production registering about 
758 million metric tons in 2070, a number that will 
increase gradually due to the projected demand of 

the world population [4]. The RHA is an agricultural 
waste, which is generally used as ameliorants to 
break up clay soils and improved soil structure but is 
also used for the production of silica. The properties 
of RHA depend on the ecological circumstances of 
its origin as well as the process applied for burning 
the husk [5].  Silica which is the constituents of 
silicon and oxygen has the molecular formula SiO

2
. 

Silica has been widely used in vegetable oil refining, 
pharmaceutical products, detergents, adhesive, 
chromatograph column planning and ceramics [6-8]. 
Not only this, silica is also found to be used in water 
purification, vulcanizing rubber, control of  insect 
pests, in stored food stuffs, manufacturing refractory 
bricks, and as admixture in low cost concrete block 
manufacturing [9].

Abundantly available waste RHA has been widely 
used as raw materials for the preparation of silica gel 
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Abstract

Nanotechnology is the most emerging field in the area of different scientific research. Various methods of 
synthesis of nanoparticles are available. The wet chemical synthesis method is applicable in the extraction of 
silica nanoparticles from Rice Husk Ash (RHA). Rice husk is a form of waste product from the rice milling 
industries which is produced in an abundance amount in and around the country. Rice husk which is generally 
left on the field as a waste contains 60% silica content and can be economically viable raw materials for the 
extraction of silica [1-2]. Initially, Rice husk was burnt to obtain its ash. Then, a simple bottom-up approach, 
the sol-gel method was applied, and fine powder silica in the nanoscopic range was extracted. After extraction 
of it, internal arrangement and average particle size were recognized by XRD while molecular components and 
structure present in silica were identified by FTIR. The obtained silica was then used in making of ceramics 
matrix nanocomposites (particularly silica-sand cement block), and its mechanical properties were identified 
by compressive strength test using Instron testing machine which was found to be increased in comparing with 
the compressive strength of ceramics composite (Sand cement block) prepared in the same ratio and same size 
of mold as that of ceramics matrix nanocomposites. The ceramics matrix nanocomposites acquiring higher 
mechanical strength than Ceramics composite occurred due to the incorporation of Silica nanoparticles.
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and powder following (Kamath and Protocor, 1998) 
[1].

Nanoparticles exhibit attractive properties such as low 
thermal expansion, high mp, high thermal stability, 
high thermal resistance and chemical stability [10,11]. 
The interfacial area that creates a significant volume 
fraction of the interfacial polymer with the properties 
different from bulk polymer even at low filter loadings 
[12,13]. Several researchers have studied the effect of 
particle size and volume fraction on the mechanical 
response of composite [14-18]. However, among 
the numerous polymer composites; silica polymer 
nanocomposites are most commonly reported in 
the literature and are also employed in variety of 
applications, such as electronics, automotive and 
aerospace industries as well as used in many industrial 
products due to their good mechanical characteristics 
[19]. 

Ceramics is defined as the solid materials that are 
not metal, plastic, or derived from plants or animals 
[20]. Ceramics have some distinctive properties 
including good chemical inertness, high temperature 
stability brittleness, high mp and an electrical 
insulation capability [21]. Furthermore, Chemical 
bonding (both covalent and non covalent) between 
filler and a polymer improves materials compatibly, 
and thus enhances certain properties of matrix above 
and beyond what is accomplished by single doping 
with filler [22-24]. Using similarly sized dopant and 
matrix elementary building blocks may have certain 
distinctive advantages [25].

Materials and Methods

Chemicals used: Distilled water, 1N NaOH, 1N HCl

Apparatus used: Beaker, conical flask, burner, wire 
gauze, magnetic stirrer, filter paper  (Whatmann 41), 
hot air oven

Preparation of chemical reagents

Preparation of 1N NaOH

            Mass of NaOH required (w) = NEV/1000

Where, N= Normality, E= Equivalent wt., 

V=Volume required in mL

For 600 mL, mass of 1N NaOH required was 24 g. It 
was taken in a volumetric flask and little amount of 
distilled water was added to dissolve it. After it got 

fully dissolved, distilled water was added upto the 
mark of 600 mL.

Preparation of 1N HCl

As concentrated HCl has approximately strength of 
36%, its normality calculated to be 11.6 N by using 
the following formula:

 

Where, % by mass = 36
Specific gravity = 1.1789
Equivalent weight = 36.5

For 200 mL of 1 N dilute HCl, 17.24 mL of 
concentrated HCl was added up to 200 mL of distilled 
water. It was calculated by the following way:

(Conc. HCl)
V

1
N

1 
= V

2
N

2
 
(1 N Dil. Hcl)

Where, V
1
 = Volume of concentrated HCl to be calculated

N
1
 = Normality of Concentrated HCl (11.6 N)

     V
2
 = Volume of dilute HCl to be prepared (200 mL)

N
2 
= Normality of dilute HCl (1 N)

Preparation of rice husk ash from rice husk

Rice Husk was collected from the nearest Rice milling 
industry, which was then burnt and converted into ash. 
The ash converted was then made into fine powder.

Extraction of silica from rice husk ash

This was done by Sol-gel method. In this method, 50 g 
RHA was weighed and dispersed in 300 mL of distilled 
water in a beaker. The pH of solution maintained at 7 
by testing with litmus paper. The solution was then 
stirred by magnetic stirrer for 2 hours. 

It was then filtered by Whatmann 41 filter paper and 
the residue was washed with 500 mL of water.

The residue was then dispersed in 300 mL 1N NaOH 
and boiled with constant stirring for 1 hour. It was 
then filtered through whatmann 41 filter paper. The 
residue was then washed with 500 mL boiling water. 
The filtrate was collected and allowed to cool. Then, 
the filtrate was titrated with 1N HCl till the pH of 
filtrate became neutral. 

When pH of filtrate became 7, gel obtained. The gel 
was allowed to age for 18 hours. After 18 hours, 500 
mL of distilled water was added into volumetric flask 
containing gel and crushed the gel. After crushing the 

(% by mass x specific gravity x 10)

Equivalent weight
Normality = 
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gel, the solution was left for some time, later which 
two layers were seen. Upper layer comprised of water 
called supernatant and lower layers consisted of gel.

The supernatant was discarded by the help of dropper 
and the washing process was repeated for 3 more 
times. The gel obtained after removing supernatant 
was kept in an oven for 18 hours at 80 degree Celsius. 
The gel produced called xerogels, which was then 
kept in air tight plastic bottle. 

The method applied following (Kamath and Protocor, 
1998) [1] can be explained step wise as:

Preparation of ceramics matrix nanocomposites 

(CMNs)

The CMNs, silica-sand cement block was prepared. 
For this purpose, the extracted silica from RHA was 
mixed to the sand cement mixture, which is believed 
to increase the mechanical property. Firstly extracted 
silica, sand and cement were mixed in the porcelain 
basin in the ratio of 1:4:1. Then, distilled water 
(generally 26-33% of the total weight of mixtures) 
was added on it till the required texture was obtained. 
After then, it was framed in a 2 cm cube mold and the 
curing process was done by immersing the block in 
distilled water. As 3 days strength test was followed, 
the blocks were removed from distilled water after 
low-cost days and allowed it to dry, free from any 
moisture. The compressive test of the block was then 
done. 

Ceramics composites

The preparation method was the same as that of 
CMNs, silica-sand cement block. The only difference 
is that silica nanoparticles were not added to cement 
and sand.

In this process, sand and cement were taken in the 

porcelain basin in the ratio of 4:1 and mixed properly. 
Then distilled water was added till the required 
texture was obtained. After then, framing was done in 
2 cm cube mold.  Like the preparation of the ceramics 
matrix nanocomposite block, the curing process and 
strength testing procedure of the ceramics composite 
block was done by the same method.

The main purpose behind the preparation of 
ceramics composite was to find the difference 
between mechanical strength of ceramics matrix 
nanocomposite block containing nanoparticles (silica-
sand cement block) and the ceramics composite block 
without nanoparticles (sand cement block).

Results and Discussion

FTIR analysis 

The FTIR of silica nanoparticles shows various peaks 
as a result of the absorption of light of a wavelength 
in infra red region. From the graph of Transmittance% 
vs. wave number per cm, it is cleared that rocking 
vibration occurs at 800cm-1. Similarly; Si-O 
asymmetrical stretching vibration occurs at 1068 cm-1.

Figure 1:  FTIR of silica nanoparticles

Some very small peaks are due to instrumental error 
but chemists found it as a result of carbon dioxide.

Table 1: FTIR data sample containing silica nanoparticles

S. N. Wave number cm
-1 

Description 

1. 800 Rocking vibration 

2. 1068 Si-O-Si asymmetrical stretching vibration 
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XRD analysis

Confirmation of the effectiveness and the size of silica 
nanoparticles were provided by X-ray studies (XRD). 
The center of peak and the value of FWHM required 
to calculate the size of nanoparticles was determined 
by using origin software.

On the basis of X-ray curves, Lorentzian fitting was 
done. It is intended to a one-mode system and believes 
to describe a decaying system over time. The data 
of XRD (two theta degree value vs. intensity) was 
copied into origin software. Then, two strong peaks 
were selected efficiently and analyzed in multi-peaks 
fitting. As mentioned above, Lorentzian fitting was 
done which then by double-clicking on the center of 
peaks gave the value of angle of the center of peak 
(2θ) and the FWHM value.

The center of peak and FWHM value on using origin 
software found to be 32.10910 and 0.37580. The 
value of θ calculated by dividing the center of the 
peak by 2 and FWHM value was then converted into 
radian which found to be 6.55×10-3. The wavelength 
used was 1.5406Å and Scheerer's constant value (κ) 
used was 0.94. Thus, by using Scheerer's formula, the 
size of the particle was determined.

Thus, putting all the values, the particle size was 
found to be 23 nm.

Compressive test

At first, the cross-sectional area and the breaking load 
of both the blocks, ceramics matrix nanocomposite 
(containing silica nanoparticles), and another 
ceramics composite (without silica nanoparticles) 

were measured and their value was found to be:

Table 2: Cross-sectional area and breaking load of blocks

 Thus, by putting the value in a formula,

It was found that the compressive strength of block 
containing silica nanoparticles (ceramics matrix 
nanocomposite) was 10N/cm2 and 6 N/cm2 for the 
block having no silica (ceramics composite).

       Block Cross-sectional            

Area(cm
2
) 

Breaking load(N) 

Ceramics Matrix 
Nanocomposite block 

              4            40 

Ceramics Composite 
block 

              4            24 
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Figure 2:  XRD of silica nanoparticles

Figure 3: Lorentzian fitting for prominent peak of silica 
nanoparticles

Figure 4: Bar Diagram showing the result of    
compressive test

D = Kλ/ βCosθ

Breaking load

Cross-sectional area
Compressive strength =
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Conclusion

Silica nanoparticles were synthesized from Rice 
Husk Ash (RHA) by using the sol-gel method. The 
synthesized silica nanoparticles found to be 26 g 
(52%), which is almost equal to 60% and seems to 
follow the citation [1,2]. The Silica nanoparticles 
were characterized by spectroscopic techniques like 
FTIR and XRD. As per the result of XRD, the particle 
size was found to be 23 nm. By analyzing the data 
of FTIR, rocking vibration, and Si-O-Si asymmetrical 
stretching vibration was found. Similarly, synthesized 
silica nanoparticles were then incorporated in sand 
cement mixture in 1:4:1 ratio to prepare ceramics 
matrix nanocomposite block. In the same way, 
ceramics composite block was also prepared where 
silica nanoprticles were not incorporated in the sand-
cement mixture. The mechanical property of prepared 
blocks was characterized by compressive strength test 
using the Instron testing machine. As per the result of 
compressive test, the ceramics matrix nanocomposite 
block containing the silica nanoparticles found to have 
almost 1.67 times greater strength than the ceramics 
composite block containing no silica. This proves that 
silica nanoparticles enhances the mechanical strength 
and hence it can be used in several construction 
materials.
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Introduction

The development of Science & technology unified 
people all over the world like a single-family. While 
discussing with research and innovation, scientists 
as well as researchers have been attracted to those 
materials which are convenient, economical and more 
applicable. During the last few decades, people are 
being attracted to other materials rather than metals, 
like ceramic, polymer glass etc.

The word ceramics derived from the Greek word 
keramikos [1]. A ceramic is an inorganic, non-
metallic solid prepared by the action of heat and 
subsequent cooling. Ceramic materials may have a 
crystalline or partly crystalline structure, or may be 
amorphous (e.g., a glass). Because most common 
ceramics are crystalline, the definition of ceramic is 
often restricted to inorganic crystalline materials, as 
opposed to the non-crystalline glasses. The earliest 
ceramics were pottery objects made from clay, either 

by itself or mixed with other materials. This clay is 
often times fired in a kiln and then glazed and re-fired 
to create a colored, smooth surface. Ceramics now 
include domestic, industrial and building products 
and art objects etc. In the 20th century, new ceramic 
materials were developed for use in advanced 
ceramic engineering; for example, in semiconductors, 
superconductors etc.

Ceramic materials display a wide range of properties 
that facilitate their use in many different product 
areas. They are harder and stiffer than steel, more 
heat and corrosion resistant than metals or polymer’s, 
less dense than most metals and their alloys; and their 
raw materials are both plentiful and inexpensive. 
Therefore, ceramics materials display a wide range of 
properties, which facilitate their use in many different 
product areas.

Everyday new and different applications have been 
discovered. Currently, there has been keen interest in 
the field of ceramic materials due to their excellent 
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Abstract

Ceramic materials display a wide range of properties that facilitate their use in many different product areas. 
Currently, there has been keen interest in the field of ceramic materials due to their excellent mechanical and 
physical properties. Barium Stannate Titanate (BST) is a binary solid solution system composed of ferroelectric 
Barium titanate and non-ferroelectric barium titanate. In this study, the phase transition behavior of (Ba

1-x
Sn

x
) 

TiO
3
 (x = 0.5) (BST) ceramics  was obtained by the dry-route method. The previous studies were based on 

Sn2+ on the Ti site with varying values of x. The powders after calcination are compacted in the form of pellets 
using a hydraulic press at an optimized load above 70 KN. The experimental density of our sample measured 
by liquid displacement method with glycerin was lower than theoretical density, giving the shape is highly 
dense with low porosity. The structure shows that on increasing the Sn2+ content volume decreases due to 
the size of Sn2+, which is smaller than that of Ba2+, in comparison to BaTiO

3
. As the demand of lead-free 

environment-friendly sensor is increasing, thus obtained BST has great applications as a sensor material in 
modern electronic devices.
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mechanical and physical properties [2]. Electronic 
ceramics are very useful in device fabrication. The 
electronic ceramics, such as, barium titanate (BaTiO

3
), 

lead titanate (PbTiO
3
), lead zirconate (PbZrO

3
) with 

ABO
3
 perovskite structure show ferroelectric and 

anti-ferroelectric behaviors which are being used in 
many applications in electronics and optics. A large 
number of applications of these ceramic materials is 
the consequences of ferroelectric and anti-ferroelectric 
properties such as dielectric, piezoelectric, pyroelectric 
and electro-optic properties. Such properties can be 
improved and modified by chemical substitutions at A 
or B site of ABO

3
 compounds [3].

Phase transitions of these materials involve a change in 
atomic as well as spin or electronic configuration and 
can change their physical properties quite drastically 
[2]. More commonly, phase transition can be brought 
about by a change in the temperature of a system. The 
ferroelectric and anti-ferroelectric phase transition in 
perovskite has been considerable interest due to their 
wide range of technological applications.

Barium stannate titanate (BST) is a binary solid 
solution system composed of ferroelectric barium 
titanate and non-ferroelectric barium titanate. Both of 
them are of perovskite structure with ABO

3.
 In this 

work, we have studied the phase transition behavior 
of [Ba

1-x
Sn

x
] TiO

3
 (for x = 0.5) ceramics obtained by 

the dry-route method. 

Materials and Methods

The perovskite samples of pure and Sn doped Barium 
strontium Titanate synthesized (Ba

1-x
Sn

x
) TiO

3
 

compositions containing Ba content, x = 0.50. All the 
samples were prepared using BaCO

3
, SnCl

2
 and TiO

2
 

with assay 100%, 99.7% and 99% respectively. These 
compositions in powder form were mixed in desired 
molar ratios in acetone. These solid mixtures were 
milled for 6 hours with acetone in an indigenously 
designed ball-mill to produce a final powder. The 
powder, thus formed, was dried and then calcinated 
in an aluminum crucible at 1100 oC for 4 hours. The 
powder added with 5% PVA (Polyvinyl alcohol) was 
compacted into disc-shaped pallets having diameter 
1.32 cm using a hydraulic press at an optimized load in 
the range of 70N to 80N. Then, the pellets were sintered 
at 1300 ˚C for 5 hours. The density and porosity of 
the pellet were measured using the sample using the 
liquid displacement method (glycerin displacement). 

Finally, in order to measure the dielectric properties, 
the silver paste was painted on the polished ceramic 
samples as the electrodes and heated at 500 ˚C for 30 
minutes. The dielectric properties are studied using 
the HIOKI 3532-50 LCR HITESTER. The instrument 
gives only the capacitances at a different frequency 
which were used to measure dielectric constant. 

The synthesis of the BST ceramics and characterization 
following the dry-route method and outline as in 
Figure 1.

Figure 1: Details of synthesis of (Ba
1-x

Sn
x
) TiO

3 
ceramics 

by dry route method

Measurement/characterization techniques

Density and porosity measurement

The density is measured by the liquid displacement 
method. In the present experiment, glycerin (density 
1.255 gm/cc at 20 ◦C) is used as liquid and digital 
balance is used for taking the weight of the sample and 
upthrust of the liquid. The whole process depends on 
the Archimedes principle. The density of the sample 
can be calculated by using the formula,

For the measurement of porosity, we have plotted 
a graph between soaking time and percentage 
densification.

Dielectric measurement

The dielectric properties of the sample are to be 
studied after electroding. HIOKI 353250 LCR HI-
TESTER is used for the study of dielectric properties 

Journal of Nepal Chemical Society, December 2019, Vol. 40           Bhojraj Bhandari, Bhadra Prasad Pokheral, 2019



        75  https://www.nepjol.info/index.php/JNCS

using the dual-channel thermometer, temperature 
controller, sample holder and the instrument. The 
observed data are then used for the study in our 
experimental work. The instrument gives directly the 
capacitances at diferent frequency which are used to 
measure dielectric constant by the relation

Results and Discussion

Density and porosity measurement

The quality of the ceramic sample is reflected by 
the percentage of density and porosity. In this study, 
the weight of the sample in pellet form before 
electroding is taken by electronic balance which has 
the accuracy of ± 10-3 gm. Then the density of the 
sample is measured by liquid displacement method 
using glycerin of density 1.2600 gm/cc at 25 ̊ C and of 
purity of 99.5%. A small amount of porosity is present 
in all ferroelectric ceramics and is usually considered 
a defect introduced due to processing imperfections; 
however, it may also be introduced deliberately to 
create a composite material system using porosity 
as a second component [4-6] to provide beneficial 
effective properties for specific applications. When 
such a sample is immersed into liquid, liquid 

molecules inter into the pores resulting in the increase 
in mass in the given volume. From the measurement 
of this increased mass, the porosity of the ceramic 
sample was measured. 

We have measured the porosity of the sample in terms of 
percentage of density, in another sense, it also 
measures the amount of water absorbed by the pores 
of the sample in percentage.

Figure 2 indicates that our sample is more compact 
due to the carefulness of processing and the increase 
of doping percentage. 

Ferroelectric to paraelectric phase transition

Figure 3 and Figure 4 show the variation of the real and 
imaginary part of dielectric constant with temperature 
during heating of BST50 at 100 KHz
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Figure 3: The variation of real part of dielectric constant 
with temperature for BST50 at 100 KHz.

Figure 4: The variation of imaginary part of dielectric 
constant with temperature for BST50 at 100 KHz.
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From these figures (iii) & (iv) it is seen that the 
ferroelectric to paraelectric phase transition occurs at 
temperatures 37.0934 oC during heating mode. The 
peak value of dielectric constants for heating mode 
is 660 whereas the corresponding value of dielectric 
constant at room temperature (25 oC) is 528.9268 [7].

Curie-Weiss Law

The dielectric constant of BST is known to exhibit 
Curie-Weiss behavior to temperatures very close to 
transition temperature [8]. The validity of Curie-
Weiss law for BST sample is demonstrated in Figure 
5 which depict the variation of dielectric stiffness  
(  ) with temperature followed by the relation;

 

Where, C is Curie constant and T
0
 is Curie temperature. 

From this figure, we have calculated the Curie 
constant using the slope of the fitted straight line 

To confirm whether the transition is diffuse or regular 
type, we further use Curie-Weiss like relationship:               

                 

 

The Curie temperatures observed from the above 
plot for BST50 is 37 °C which is the intercept 

value of X-axis in the ε’
r
 versus temperature plot. 

The Curie temperature of our sample was less than 

that of transition temperature in the ferroelectric to 
paraelectric phase. 

Cole-cole study

To check the polydisperse nature of dielectric 
relaxation of the dipole, a complex argand plot 
between            called Cole-Cole plot is used [9]. 

The Cole-Cole plot of electrical quantities of a 
material is a measure of the various relaxation times 
for a specific dielectric material.

The complex dielectric constant in such a situation is 
expressed by the empirical relationship

It is evident from Figure 6 that the nature of the Cole-
Cole plot is changing with temperature. The nature of 
the curve is narrow semi-circular which indicates the 
polydisperse nature of our sample.

Conclusion

(Ba
1-x

Sn
x
)TiO

3 
( ) powders are prepared by a dry route 

method. The powders after calcination are compacted 
in the form of pellets using a hydraulic press at an 
optimized load above 70 KN. So, obtained pellets are 
then sintered and fired on silver paint for electroding. 
The sample thus formed is used for characterization. 
The main findings of the present work are summarized 
below:
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Figure 5: The variation of dielectric stiffness           
with temperature for BST50 at 100 KHz.
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Figure 6: Cole-Cole plot between   at 25 ºC.
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1. The experimental density of our sample measured 
by the liquid displacement method with glycerin is 
6.1246 gm/cc. whereas theoretical density is found to 
be 6.3224 gm/cc.

2. The shape is highly dense with low porosity.

3. The structure of BST50  is tetragonal and lattice 
parameters of the samples a = b = (3.86065+ 0.00051) 
Å, c = (4.10234+ 0.00160) Å and unit cell volume 
(V) = (61.1440+0.0206) Ǻ3 with tetragonality 1.063, 
which shows that on increasing the Sn2+ content 
volume decreases because the size of Sn2+ is smaller 
than that of Ba2+ , in comparison to BaTiO

3
.
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Introduction

Cadmium is one of toxic heavy metals released to 
the environment through the combustion of fossil 
fuels, metal production, application of phosphate 
fertilizers, alloy formation, electroplating, production 
of batteries, etc. [1,2]. This metal is a non-essential 
and non-beneficial element for plants, animals and 
human beings. It has a high affinity for sulfhydryl 
(-SH) groups of proteins for which it competes with 
Zn(II) in biological systems and is known as a human 
carcinogen [3]. Due to its low-concentration-long-
term effect in drinking water, cadmium belongs to 
the chemicals list of endocrine disruptors and priority 
control pollutants issued by USEPA [4,5]. The toxic 
implications of cadmium in the environment has made 
the US Environmental Protection Agency (USEPA) set 
the level of cadmium in drinking water to 0.002 mgL-1 
and the World Health Organization (WHO) maximum 
permissible limit for cadmium in drinking water is 
0.003 mgL-1 [6-9].The heavy metalis not biodegradable 

and tends to accumulate in living organisms, causing 
various diseases and disorders. As far as cadmium is 
concerned, it causes serious renal damage anemia, 
hypertensions, testicular atrophychronic disorders 
such as “itai–itai”, lungs fibrosis etc. [10]. The 
reduction of the pollutant to an acceptable level is 
needed when the toxic metal is present in the solution. 
The physicochemical processes such as precipitation, 
reverse osmosis, ion exchange, adsorption, membrane 
filtration, electro dialysis, chemical oxidationetc. are 
employed to treat cadmium-containing effluents.
Theprocesses mentioned above with the exception of 
adsorption are expensive and also have disadvantages 
such as incomplete metal removal, high reagent, 
energy requirements and generation of toxic sludge 
or other waste products that require proper disposal 
[11]. Because of the problems this research has 
been focused on using adsorption since it is cheaper, 
making use of low cost and local Adsorbents, which 
are adapted inefficiently removing heavy metal 
ions found in low concentrations in solution. Many 
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researchers have used a variety of agricultural wastes 
for the preparation of low cost activated carbon from 
cheaper and readily available materials. The wastes 
such as rice husk [12], apricot stone [13], lapsi seed 
stone [14], olive stone [15], date stone [16], cotton 
stalk [17] coconut shell [18], peanut shell etc, [19]. 
have been tested in the production of activated carbon 
in developing countries. The use of this raw material 
in the preparation of activated carbon shows from 
the past studies that they are available at low cost, 
contain high carbon content and may be effective in 
the removal of heavy metals.

The present study explored the use of activated carbon 
prepared from Coconut shell as an adsorbent for the 
removal of Cd(II) from aqueous solution. The effect 
of factors such as contact time, pH, the adsorbent dose 
was investigated. The adsorption kinetics of Cd(II) 
onto the activated carbon was analyzed by Pseudo 
first and pseudo second-order models. Experimental 
equilibrium data were also analyzed by Langmuir and 
Freundlich isotherms.

Materials and Methods

Preparation of adsorbent

The precursor used in this work is Coconut shell, the 
waste material left the consumption of edible part. 
The coconut shells were washed well with tap water 
and then with distilled water. The washed materials 
were dried well at 110 ᵒC and crushed with an iron 
mortar and electric grinder to obtain the size of 300 
µm.The dried mass was mixed with 50% H

3
PO

4
 in 

the ratio of 1:1 and carbonized at 400 ᵒC for 4 hours 
and cooled after optimizing the parameters like the 
percentage of phosphoric acid, the ratio of precursor / 
phosphoric acid, carbonization time and carbonization 
temperature. The activated carbon was washed with 
warm distilled water and dried. The carbon was then 
cooled and sieved to obtain particles of size 106µm.
The activated carbon thus prepared was represented 
by CSPAAC (coconut shell phosphoric acid activated 
carbon) and used for the adsorption process.

Chemicals and equipment

The chemicals and reagents used in this work are 
of analytical grade.  The stock solution of heavy 
metals and other solutions were prepared using the 
distilled water prepared in the laboratory. pH of 
the solutions was adjusted by 0.1M HCl and 0.1 M 

NaOH. The adsorption experiments were carried out 
by using Shaker (Digital VDRL Rotator-RPM-S). 
The concentrations of heavy metal (II) ions were 
determined by atomic absorption spectrophotometer 
(AAS –VARIAN-AA240FS). Digital pH meter was 
used to measure the pH of solutions.

Adsorption experiment

In order to investigate adsorption, batch experiments 
were carried out in 50 mL stoppered conical flasks. 
The flasks were agitated on Digital VDRL Rotator- 
RPM-S at 225 rpm for identified time intervals. The 
effect of contact time, adsorbent dose and solution 
pH was studied. Each experiment was carried out by 
suspending 0.05 g of adsorbent in 25 mL adsorbate 
solution taken in the conical flasks under the optimum 
conditions set out for the experiments. Since pH is a 
critical parameter in the process; therefore, the pH of 
the solutions was adjusted by the addition of 0.1M 
NaOH and 0.1M HCl. The number of metal ions 

adsorbed can be calculated by the following equation.

 

Where C
o
 and C

e
 = initial and equilibrium concentration of 

metal ion (mg / L) respectively, 

W= the mass of adsorbent in gram (g) and 

V = the volume of the solution in a liter (L).

The percentage of removed metal ions (Rem %) in 
solution is calculated by using the following formula

Results and Discussion

Scanning electron microscope (SEM)

Scanning Electron Microscope (SEM) of the carbon 
prepared without activating agent and activated 
prepared with H

3
PO

4
 as activating agent 50 % H

3
PO

4
 

is presented in Figure 1 and Figure 2 respectively. 
Figure 1 is the SEM of carbon prepared from Coconut 
shell without any activating agent. The surface is 
heterogeneous and hardly any pores are visible. Figure 
2 is the SEM images of activatedcarbon prepared 
by using H

3
PO

4
 as an activation agent. In the SEM 

image of Figure 2, a number of pores with different 
diameters are observed [20]. This development of 
porous structure may be attributed to the dehydrating 
effect of H

3
PO

4
. 

q
e
= (C

o
-C

e
) x V/W................(1)

Rem % = (C
o
- C

e
) x 100/C

o
 ..................(2)
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Phosphoric acid being a strong dehydrating agent 
removes oxygen and hydrogen from coconut shells 
as water, and that promotes the development of the 
porous structure.  

Fourier transform infrared (FTIR) spectroscopy

The FTIR spectra of activated carbon as shown in 
Figure 4 exhibit a broad band at 3419 cm−1 due to 
the presence of hydroxyl groups on the adsorbent 
surface. The band located at 1725 cm−1 is ascribed to 
the stretching vibrations of carboxylic groups or to 
conjugated carbonyl groups (C=O in carboxylic and 
lactones groups). Asymmetric stretching vibrations 
of ionic carboxylic groups (-COO-) appeared at 1571 
cm−1. The functional groups play an important role in 
the adsorption of the metal ions by donating electrons 
to heavy metal ions. These bands observed in the 
activated carbon are not seen in the carbon prepared 
without activating agent as shown in Figure 3.

X-ray diffraction (XRD)

XRD of the started as shown shows that the two 
broad diffraction peaks located near 2θ = 25.5o and 
43o reflected from 002 and 100 planes as shown in 
Figure 5. The appearance of the broad peaks shows 

Figure 1: SEM of carbon without activating agent

Figure 3: FTIR spectra of activating agent

Figure 4: FTIR spectra of activating carbon

Figure 5: XRD of activated carbon 

Figure 2: SEM of activated carbon 
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that the activated carbon is amorphous that is the good 
property of activated carbon for the adsorption.

Adsorption isotherms

Adsorption isotherms are mathematical models that 
describe the distribution of the adsorbate species 
among liquid and solid phases, based on a set of 
assumptions that are related to the heterogeneity/
homogeneity of the solid surface, the type of 
coverage, and the possibility of interaction between 
the adsorbate species. In the present study equilibrium 
data were analyzed using Langmuir and Freundlich 
isotherms.

Langmuir isotherm

The Langmuir model assumes that the sorption of metal 
ions happens on a homogenous surface by monolayer 
adsorption with no interaction between adsorbed ions. 
The linear form of Langmuir adsorption isotherm is 
represented by the following equation.

C
e
/q

e 
= (1/ bq

m
)+ C

e
/q

m
......…......…(3)

Where, Ce = is the equilibrium concentration of the 
adsorbate (mg/L) 

qe = the amount of the adsorbate adsorbed at equilibrium 

qm = the monolayer adsorption capacity (mg /g) 

b =   Langmuir constant [21]. 

Adsorption capacity and Langmuir constant can be 
calculated from the slope and intercept of the plot  

C
e
/q

e
 versus C

e
 as shown in Figure 6.

Freundlich isotherm

The Freundlich equation is an empirical equation 
based on adsorption on a heterogeneous surface. The 
linear form of the Freundlich isotherm equation can 
be represented as follows.

Where, K
f 
 and n = the Freundlich constants related to 

adsorption capacity and intensity. qe and Ce = the amount 
of adsorbate adsorbed and equilibrium concentration of the 

adsorbate respectively. 

The values of K
f
 and 1/n can be determined from the 

intercept and slope of the plot of log qe versus log Ce 
as shown in Figure 8. The Langmuir and Freundlich 
adsorption isotherm parameters are shown in Table 1.

Table 1:  Langmiur and Freundlich parameters of CSAAC

Heavy 

metal 

ions 

Langmuir parameters 

 

 

R2 

Freundlich 

parameters 

 

R2 

Qmax 

(mg/g) 

b Kf(mg/g) n 

Cd (II) 33.71 0.527 0.985 0.031 4.446 0.875 

Adsorption kinetics

Adsorption kinetics plays an important role to 
determine the efficiency of adsorption. Most 
commonly used two kinetic models like pseudo first-
order and second-order kinetic models have been 
applied to the adsorption kinetic data to analyze the 
rate of adsorption.

Pseudo first-order

The 

pseudo first-order model was given by Legergren in 
1898 [21]. According to him the first-order equation 
is represented as follows.

Where qe = Equilibrium concentration of the metal ions 
adsorbed (mg/g)

qt = the amount of the metal ions adsorbed at the time ‘t’ 
(mg/g)

K
1
= the pseudo first-order rate constant (L min-1).

Figure 6: Langmiur adsorption 
isotherm for adsorption of Cd 

(II) on CSAAC

Figure 8: Pseudo first 
order kinetics of adsorption 

of Cd (II) on CSAAC

Figure 9: Pseudo second 
order kinetics of adsorption 

of Cd (II) on CSAAC

Figure 7: Freundelich 
adsorption isotherm for 

adsorption of Cd (II) on CSAAC
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On integration the equation (5) will take the form as 
follows:

 log (q
e
- q

t
) = log q

e
 - (K

1
/2.303) t..............(6)

The plot of the value of log (q
e
-q

t
) against ‘t’ as shown 

in Figure 8 has been applied to test the validity of the 
kinetic model.

Pseudo second-order

The pseudo second-order model is also called Ho 
second-order model. The rate equation of pseudo 
second-order is as follows.

 dqt/ dt = K
2
 (q

e
- q

t
)2................(7)

Where k
2
 =second order rate constant of adsorption (g mg 

-1 min -1).   

The equation (7) after integration takes the form as 
follows.

    1/ (q
e
- q

t
) = 1/ (q

e
 x K

2
) + 1/ q

e
...............(8)

By rearranging the equation (8) will be as follows 

     1/qt = 1/ (q
e

2 x K
2
) + 1/ q

e
…………..(9)

The plot of the value of ‘t/qt’ against ‘t’ as given in 
Figure 9 has been  applied to test the validity of the 
kinetics.

The slopes and intercepts of the curves have been 
applied to calculate the kinetic parameters such as k

1 

and equilibrium adsorption capacity. The constants of 
the kinetic models are given in Table 2.

Conclusion

Adsorption isotherms and adsorption kinetics for the 
adsorption of Pb (II) have been investigated using 
the activated carbon prepared from coconut shell. 
The adsorption of the metal ions has been found to 
be dependent on pH and the maximum adsorption 
has been observed at pH 6. Optimal contact time 
and adsorbent dose have been found to be 180 
minutes and 2 g/L respectively. The SEM of the 
activated carbon has shown the pores of different 
diameters. Broad peaks in the activated carbon were 

investigated by XRD. The equilibrium data were 
best described by Langmuir adsorption isotherm 
with a higher correlation coefficient (R2=0.985) than 
that of Freundlich isotherm (R2=0.875) showing a 
maximum adsorption uptake of 33.71 mg/g. Analysis 
of adsorption kinetic data has shown that the Pseudo 
second- order model was found to describe adsorption 
much better with high correlations coefficient (R2= 
0.999) than that of Pseudo first- order model (R2= 
0.865). The results of the present study show that 
Coconut shell based activated carbon can be used as 
an efficient adsorbent for the removal of cadmium 
ions from aqueous solution.
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